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Abstract

Electrospun fibrous scaffolds based on cellulose acetate (CA), polycaprolactone (PCL), and
poly (L-lactic acid) (PLLA) are versatile materials with applications spanning diverse fields,
but in their pristine form, they typically lack significant inherent antibacterial properties.
To address this limitation and expand their utility, this study explored the incorporation of
xylitol, a natural antibacterial sugar alcohol, into these polymer matrices to enhance their
physicochemical and antimicrobial properties. Electrospinning was employed to fabricate
pristine and xylitol-loaded scaffolds with varying xylitol concentrations. Morphological
analysis revealed polymer-dependent changes in fiber diameter and porosity. Mechanical
testing assessed the impact of xylitol on tensile properties, while thermal analysis investi-
gated alterations in melting temperature and crystallinity. The antibacterial efficacy against
Staphylococcus aureus and Escherichia coli was evaluated using WST assay and live/dead
staining. Notably, xylitol significantly enhanced the antibacterial activity against both
bacterial species, with a more pronounced and rapid effect observed against S. aureus.
The tailored scaffold properties and imparted antimicrobial characteristics highlight the
potential of these xylitol-modified electrospun materials: they are easily produced, low-cost,
and appropriate for a range of applications (dental applications, filters, masks, wound
dressing, and packaging) where preventing bacterial contamination is crucial.

Keywords: electrospinning; composites; xylitol; antibacterial

1. Introduction

The development of fibrous scaffolds with tailored structural and functional proper-
ties has gained considerable attention for a wide range of biomedical and environmental
applications, including wound dressings, tissue engineering, air and water filtration, and
drug delivery systems [1-7]. Electrospun fibrous scaffolds have emerged as promising
platforms, owing to their high surface area-to-volume ratio, tunable porosity, and morpho-
logical similarity to the extracellular matrix (ECM) [8,9]. Among the various fabrication
techniques, electrospinning has proven especially versatile for producing ultrafine fibers
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from both synthetic and natural polymers [10,11]. This method enables the creation of
nanofibrous materials with controlled architecture, mechanical properties, and functional
surface chemistry, which are key attributes for biomedical and industrial applications.
Polycaprolactone (PCL), a semicrystalline aliphatic polyester, is not only well-established
in biomedical applications, such as bone regeneration and drug delivery, but is also used in
3D printing, adhesives, and agricultural films due to its biodegradable nature and favorable
mechanical properties [10,12-14]. Poly(L-lactic acid), PLLA, a more rigid biodegradable
polymer derived from renewable resources, has demonstrated utility in tissue engineer-
ing scaffolds and resorbable implants, while also serving as a key material in packaging,
textiles, and 3D printing [15-18]. Cellulose acetate (CA), a derivative of natural cellulose,
is valued for its excellent film-forming ability and has been used in filtration membranes,
biomedical coatings, and sustainable packaging [19-21]. However, the inability of these
three polymers to inherently inhibit microbial growth limits their effectiveness in scenar-
ios where sterility or resistance to infection is crucial. Many applications, particularly
in healthcare and environmental protection, require not only structural and mechanical
performance, but also antibacterial or bacteriostatic properties to prevent infection and
contamination. To address this limitation, a common strategy involves the development of
composite materials by incorporating antimicrobial agents or fillers, either synthetic (e.g.,
silver nanoparticles, antibiotics) or natural (e.g., chitosan, plant-derived compounds), into
the polymer matrix [22-30]. These additives can provide multifunctional behavior, enhance
not only antibacterial activity but also influence other material properties such as porosity,
degradation rate, and surface chemistry. Among natural fillers, sugar alcohols, so-called
bio-based polyols, have attracted considerable attention, being commercially important
chemicals for green materials [31]. Among these molecules, glycerol is well-known and
utilized in many applications, pharmaceuticals, cosmetics, and the food industry, often
as a humectant, solvent, and emollient [32]. Particularly, it has been promoted in food
packaging where its role as a plasticizer is valued for providing the developed films with
the necessary flexibility [33]. Another important sugar alcohol is xylitol, which stands out
due to its well-documented antibacterial and anti-adhesive properties [34,35]. Xylitol is
renowned especially in dentistry for its remarkable ability to prevent dental caries (tooth
decay) and enhance oral health [36]. Unlike traditional sugars, it is not fermentable by
oral bacteria, and this characteristic inhibits the acid production that typically leads to
enamel demineralization and cavity formation [37]. Instead, bacterial uptake of xylitol
leads to a futile metabolic cycle where ATP is consumed but no energy is generated, result-
ing in growth inhibition. Additionally, xylitol reduces bacterial adhesion by disrupting
the synthesis of extracellular polysaccharides and glycocalyx, thereby impairing biofilm
formation and colony stability. This dual action—starving bacteria of energy while lim-
iting their ability to establish protective biofilms—confers broad-spectrum antibacterial
properties [35,38,39]. Xylitol has been shown to reduce plaque formation and increase
saliva production, which helps in the remineralization of tooth enamel and the maintenance
of a neutral pH in the oral cavity [36]. And beyond its dental benefits, xylitol has been
demonstrated to help in preventing ear infections in children by hindering bacteria from
attaching to nasal passages, and to control the growth of skin microbes [40-42]. How-
ever, unlike glycerol, which has been studied previously in composite development, there
are no works already published that describe the possibility of fabricating a new class
of electrospun composites of polymers and xylitol presenting antimicrobial properties.
Furthermore, compared to other compounds like quaternary ammonium salts (QASs) and
silver nanoparticles (AgNPs), xylitol can represent a superior choice as an antibacterial
filler primarily because of its selectivity and safety profile. Glycerol, a humectant and
plasticizer, lacks significant inherent antimicrobial properties; QASs are broad-spectrum,
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potentially irritating, and can disrupt beneficial microbiota; and AgNPs raise concerns
regarding long-term toxicity and environmental impact. In contrast, xylitol is a non-toxic
and natural sugar alcohol that selectively targets and inhibits different bacteria strains by
interfering with their metabolism and adhesion, making it significantly safer and more
desirable for applications requiring chronic or direct human contact. These effects are
particularly relevant in biomedical scaffolds, where xylitol incorporation can significantly
reduce bacterial colonization and prolong material functionality. This study aims to in-
vestigate the effect of incorporating different concentrations of xylitol into electrospun
fibrous scaffolds composed of PCL, PLLA, and CA. A comprehensive characterization of
the physical, mechanical, and structural properties of these composites was performed,
focusing on how xylitol concentration influences fiber morphology, porosity, thermal and
mechanical behavior, and its antimicrobial potential functionality, aiming to create low-cost
scaffolds suited for advanced biomedical or industrial applications, even in environments
with limited access to medical resources.

2. Materials and Methods
2.1. Sample Preparation
The three polymeric electrospun solutions were fabricated using different methods:

- CA pellets with an average molecular weight (M) of 30,000 (Sigma Aldrich, St. Louis,
MO, USA) were dissolved in acetone (Sigma Aldrich, St. Louis, MO, USA);

- PLLA pellets with a My, of 106,000 (Musashino Chemical Laboratory, Tokyo, Japan) were
added to chloroform (FUJIFILM Wako Pure Chemical Corporation, Osaka, Japan);

- PCL pellets with an average molecular weight (M) of 80,000 (Sigma Aldrich, St. Louis,
MO, USA) were dissolved in a mixture of chloroform/acetone in a ratio of 3/1.

All the solutions were prepared at a concentration of 20% w/v and mixed using a
magnetic stirrer at room temperature for 24 h, until fully dissolved.

Subsequently, solutions of xylitol at increasing concentrations were prepared by dis-
solving xylitol powder (FUJIFILM Wako Pure Chemical Corporation, Osaka, Japan) in
distilled water. These xylitol solutions were added dropwise to each polymer solution un-
der continuous stirring, maintaining a consistent volume ratio of 9 parts polymer solution
to 1 part xylitol solution. The mixtures were then stirred for an additional 24 h at room
temperature. This specific volume ratio was calculated to yield three distinct weight ratios
of polymer to xylitol in the final electrospinning solutions: 67/33, 50/50, and 33/67. Final
solutions were collected in a 1 mL syringe with a 24-gauge metal needle and processed
for electrospinning.

Optimal process parameters (voltage, flow rate, and needle-collector distance) were
allowed to provide stability of the electrostatic jet during electrospinning. A positive voltage
of 10-12 kV was applied to the needle using a high voltage power supply (Model-600F,
Pulse Electronic Engineering Co., Ltd., Noda, Japan). The different solutions were extruded
through the horizontal-oriented needle using a syringe pump at a flow rate of 0.25 uL/s.
A stainless cylindrical steel mandrel (diameter: 2 mm, length: 10 cm) as a collector was
placed at a distance of 10 cm from the needle tip. A grounded aluminum sheet was placed
at the back of mandrel to induce the fiber collection on the mandrel. The conditions were
kept constant across the three polymers to allow for clear comparisons. The final samples
were obtained after a deposition under environmental temperature of 25 °C and controlled
relative humidity of 30%.

For clarity, sample nomenclature was defined as follows: CA, PLLA, and PCL refer to
cellulose acetate, poly (L-lactic acid), and polycaprolactone, respectively. The suffixes -X1,
-X2, and -X3 indicate increasing xylitol concentrations, with -X1 representing the lowest
(33% w/w) and -X3 the highest (67% w/w).
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2.2. Morphological, Physical, and Chemical Characterization

A scanning electron microscope (SM-700, JEOL, Tokyo, Japan) was used to acquire
high magnification images of the samples before the biological testing. The samples were
sputter-coated with approximately 2 nm of platinum and observed at an accelerating
voltage of 10 kV. Five images for each group of samples have been collected at different
magnifications (500 x, 1000, and 2000x) (1 = 5). Fiber diameter and porosity have been
calculated by analyzing 100 and 150 fibers per group of samples, respectively. Fiber density
analysis utilized three images per class, with all data analyzed using Image]J (version 1.52a,
Rasband, W.S., Image]J, National Institutes of Health, Bethesda, MD, USA).

To detect the presence and distribution of xylitol, Raman imaging was performed using
a confocal Laser Raman microscope (RAMANtouch, Nanophoton Co., Ltd., Osaka, Japan).
The excitation sources were 532 nm, at a nominal power of 200 mW. In order to prevent
samples from burning, the power output was controlled by adjusting a dedicated ND
filter. The maps were obtained by using lenses having 20 x magnification with numerical
apertures ranging from 0.5 to 0.23, and for each image, arrays of 400 points were acquired
simultaneously and combined in a bi-dimensional map. The acquisition time was fixed at
10 s for each point. From each maps an average spectrum was obtained and deconvoluted
into Gaussian-Lorentzian sub-bands using commercially available software (Labspec5,
version 5.58.25, Horiba/Jobin—Yvon, Kyoto, Japan).

Contact angle measurements were conducted to assess surface wettability using a
Phoenix 300 apparatus (Kromtek Co., Selangor, Malaysia) operating at room temperature.
The droplets were analyzed using Image]. For each sample, 5 uL. droplets of deionized
water were dropped onto the surface of the substrates, and the angle was then measured.
The average water contact angle value was obtained by measuring five different locations
across the surface for each group of samples (n = 5).

2.3. Mechanical Tests

Mechanical properties of the different scaffolds were calculated using a tensile tester
(STA-1150, ORIENTEC, Tokyo, Japan). Each sample was tested at a 20 mm clamping
distance, stretched at a rate of 10 mm/min, at room temperature. The measurements were
repeated six times for each class of samples (1 = 6).

2.4. Thermal Characterization

Differential Scanning Calorimetry (DSC) was performed using a DSC-50 thermal ana-
lyzer (Shimadzu, Kyoto, Japan). Samples of approximately 2 mg were sealed in aluminum
pans and heated up from room temperature to 250 °C at a heating rate of 10 °C/min under
a nitrogen flow of 15 mL/min. Analyses were replicated three times/group of samples
(n = 3), and all the spectra were analyzed using a software provided by the machine vendor
to calculate the melting temperature (T);) and the melting enthalpy (AH,;). Subsequently,
with a commercial software (Origin, version 9.8.0.200, Originlab Corp., Northampton, MA,
USA) the degree of crystallinity (%C) was obtaining according to the following equation:

%C = AHT x 100
AH

m

where AH,, is the melting enthalpy of completely crystalline CA (58.8 ]/g), PCL (139.5]/g),
and PLLA (93 ]/g) [43-45].

2.5. In Vitro Test

Gram-positive bacteria, Staphylococcus aureus (S. aureus, NBRC 13276) and Gram-
negative bacteria, Escherichia coli (E. coli, E1 NBRC 3972), were cultured using a brain-heart
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infusion (BHI) liquid medium (Sigma Aldrich, Tokyo, Japan). The initial 1.8 x 10'° CFU/mL
was subsequently diluted to 1.8 x 108 CFU/mL using a phosphate-buffered saline (PBS,
NACALAI TESQUE.INC, Kyoto, Japan) solution to mimic ion blood concentrations. The
samples with diameters of 1 cm were sterilized prior to the experiment using a UV sterilizer
(254 nm, Phillips, Denver, CO, USA) for 24 h. Then the samples were incubated at 37 °C for
24 and 48 h.

2.6. Bacterial Characterization

WST is a well-established technique to measure bacterial metabolism by calorimetric
detection. In this experiment, the WST-8 kit (Microbial Viability Assay Kit-WST, Dojindo,
Kumamoto, Japan) was used as a calorimetric indicator which releases a water-soluble
formazan dye upon reduction in the presence of an electron mediator. The amount of the
formazan dye generated is linearly related to the number of living microorganisms. The
solution is subjected to microplate readers (EMax, Molecular Devices, Sunnyvale, CA, USA)
upon collecting the OD value related to living cells. Three samples of each group were
used to calculate the average values (1 = 3).

After exposure to bacteria at different intervals of time, the bacteria were stained using
a Bacstain Bacterial Viability Detection Kit-CFDA /PI provided by Dojindo (Laboratories,
Kumamoto, Japan), presenting two different solutions to evaluate their conditions: pro-
pidium iodide (PI) and 5(6)-carboxyfluorescein diacetate (CFDA). The red color of P, if
entered inside the cells, highlighted dead or injured bacteria, while the CFDA’s green color
revealed esterase activity and thus cell membrane integrity in living bacteria. The staining
protocol consisted of adding 1 pL of the PI solution and 15 pL of CFDA solution to the
samples, and then incubating them for 5 min at 37 °C. After removing the buffer, the cells
were analyzed under the fluorescence microscope (BZ-X700; Keyence, Osaka, Japan) at
4 x magnification. Three samples of each group were used to calculate the average values
(n=23).

2.7. Statistical Analysis

The experimental data were analyzed with respect to their statistical meaning by com-
puting their mean value + one standard deviation. The statistical significance has been
addressed by one-way ANOVA for materials characterization analysis (contact angle, thermal
and mechanical tests evaluation); for the bacterial tests, two-way ANOVA analysis of variance

11

was used. Statistically significant results (p < 0.05) have been marked with an

3. Results
3.1. Effect of Xylitol on Fiber Morphology

Figure 1 reveals the surface morphology of the pristine and xylitol composite fibers
of CA, PCL, and PLLA. For CA, the incorporation of low xylitol concentrations (CA-X1,
CA-X2) did not visibly alter fiber size or the homogeneous distribution observed in the
pristine CA scaffold. However, CA with the highest xylitol content (CA-X3) displayed
non-uniform fiber diameters, particularly due to the presence of thinner fibers, and pro-
duced a few beads along the fibers. Unlike CA, both PCL and PLLA pristine and low
xylitol concentration composites exhibited homogeneous fiber distributions without any
noticeable bead formation. PCL showed a change in fiber diameter with increasing xylitol
concentration, a trend not evident in PLLA; furthermore, like in the case of CA-X3, beads
with different sizes were observed also in PCL-X3 and PLLA-X3.



Polymers 2025, 17, 3024 6 of 24

CA

1000X 15kV SED —]0pum 1000X 15kV SED =—]0pm ‘Il)(il)x 15kV SED =] 0pm 1000X 15kV SED  ===10pum

PCL

.

1000X 1SkV SED == l0um 1000X 15kV SED == 10pm 100X 1SkV SED = 10um

PLLA

¥

1000X 15kV SED == 10um 1000X 15KV SED == 10um 1000X 15kV SED == 10um 1000X 15KV SED == 10pm

Figure 1. SEM images of the CA, PCL, PLLA, and their fibers loaded with xylitol at
increasing concentrations.

Figure 2a shows three plots representing the fiber diameters of the three types of
polymeric fibers and their corresponding xylitol composites. The increase in the amount
of xylitol brought a clear reduction in the average fiber diameter, going from pure CA
fibers (average diameter of 2.92 &+ 1.41 um) to the composites (2.17 & 1.05, 1.15 £ 0.79,
and 0.74 & 0.57 um for CA-X1, CA-X2 and CA-X3, respectively). The distribution was
less uniform with the incorporation of the xylitol, particularly in the case of CA-X3, where
most of the fibers presented a diameter of less than 500 nm. For PCL (central panel of
Figure 2a), an opposite trend of fiber diameter distribution occurred, confirming what was
previously observed by SEM (Figure 1). PC-X3 scaffold displayed the bigger diameter with
an average of 1.09 &= 0.45 um. For PCL pristine, almost all the fibers analyzed presented
a diameter inferior than 1 pm (0.45 & 0.24 um), while for the other two composites, the
distribution of the fiber diameter was more homogeneous and the average size was bigger
than the one of the untreated samples (0.58 = 0.29 and 0.90 =+ 0.48 um for PC-X1 and PC-X2,
respectively). In the case of PLLA (bottom panel of Figure 2a), no significant differences
have been detected. The distribution and the average of the fiber diameter did not vary
between the pristine (0.94 & 0.50 um), PL-X1 (0.89 £ 0.41 pm), and PL-X2 (1.03 & 0.53 um).
In the case of PL-X3, the distribution of the diameter was more uniform while the average
diameter slightly increased (1.11 4 0.55 um).
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Figure 2. (a) Fiber diameter distribution and (b) porosity and its frequency, for each group

of composites.

The pore size distribution across CA, PCL, and PLLA composites demonstrates a clear
influence of increasing xylitol content on pore size and frequency. In Figure 2b, Pristine CA
(top panel) exhibits the highest pore size (average of 10.2 & 1.7 um), with dominant peaks
around 9.5 um and 10.5 um, and a broader distribution between 9 and 13 um. This indicates
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that CA inherently forms a more open, porous matrix. As xylitol is added, the structure
becomes more compact: the CA-X1 blend shows slightly reduced pore sizes (mostly
8-12 um, with an average porosity of 9.8 + 1.8 um) with still noticeable peaks of frequency
at 9.5 and 10.5 um but at lower intensities. At CA-X2 (7.7 & 1.9 um), the distribution
becomes bimodal, with two clear peaks around 6.5 um and 8 um, suggesting a transitional
structure with both medium and small pores. With the highest xylitol content (CA-X3),
the matrix is dominated by smaller pores (4-8 pum), with a strong frequency peak at
7 um, highlighting xylitol’s ability to significantly reduce pore size and increase uniformity
(average porosity of 6.07 £ 1.80 um).

Unlike CA, pristine PCL starts with a very tight pore size distribution (average pore
size of 1.75 £ 0.57 um), heavily centered around 2 pm, indicating a dense and compact
microstructure with low permeability (central panel in Figure 2b). The PCL-X1 sample
maintains a similar trend but with a slightly broader range with an increase in average
pore size to 2.47 £ 0.87 um, suggesting a partial disruption of the polymer matrix. At the
50:50 ratio (PCL-X2), a more heterogeneous porosity with a higher average (3.9 & 1.3 um)
emerges, with dual frequency peaks around 2.5 pm and 4-5 pm, pointing to increased
structural diversity that could enhance diffusion. The PCL-X3 blend shows a clear shift
toward larger pores with a distribution between 4 and 5 um and an average of 3.3 £ 1.1 um.
Furthermore, it displayed a decreased material density, likely due to xylitol interfering with
polymer chain packing.

For PLLA, the pore size pattern is initially consistent and narrow, and the trend
of increasing xylitol concentration is similar to the one observed in the PCL compos-
ites (bottom panel Figure 2b). Pure PLLA shows a dominant frequency peak around
3.5-4 um, with most of the pores between 2 and 6 pm, reflecting a dense and uniform
structure with average pore size of 3.9 & 1.4 um. In PLLA-X1, the pore size range widens
(average of 4.8 & 1.8 um), extending up to 8 um, indicating the onset of structural hetero-
geneity, while at PLLA-X2, the pore distribution becomes broader (approximately 3-10 um),
and the peak shifts to higher pore sizes (with an average increase of 5.56 4= 2.38 pum), likely
due to phase separation or solubilization effects. The PLLA-X3 blend exhibits the most
diffuse and widespread distribution, with frequencies extending up to 12 um. Although
the highest concentrations remain between 4 and 6 pum, the increased variability suggests a
highly porous (average of 6.06 + 2.38 um) and less uniform matrix.

Figure 3a displayed the fiber density of the samples, expressed as the number of fibers
encountered for linear micron of length. PLLA scaffolds showed a constant value of density
of the fibers with increasing concentrations of xylitol, while for the PCL samples, this
value progressively decreased, ultimately becoming significantly smaller at PC-X3. The CA
pristine presented the lowest fiber density of the three classes of polymers. However, at
high xylitol concentrations, a marked increase in density was observed, attributed to the
reduction in fiber diameter as previously noted.

The contact angle analysis of Figure 3b indicates that the incorporation of xylitol
significantly influences the surface wettability of the electrospun scaffolds composed of
CA, PLLA, and PCL. Among the pristine polymers, PLLA and PCL displayed the highest
hydrophilicity with a contact angle of 123.0 & 3.0° and 121.6 + 1.3°, respectively, while
CA showed more hydrophilic behavior, with contact angles of 105.5 £ 4.2°. Upon the
addition of xylitol, a notable reduction in contact angle was observed for all polymer types,
particularly in the case of PLLA where the PLLA-X3 sample showed a value of 102.3 £ 2.7°.
Similarly, CA and PCL composites showed gradual decreases in contact angle concurrently
to the increase in xylitol concentration, with PCL-X3 and CA-X3 achieving a contact angle
of 111.8 £ 3.0° and 94.5 &+ 2.7°, respectively, and demonstrating how xylitol effectively
enhances the hydrophilic character of the scaffolds. Figure 3c summarizes the results that
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emerged from the contact angle measurement, showing a clear decrease in hydrophobicity
correlated with an increase in xylitol concentration.
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Figure 3. (a) Fiber density calculation, (b) contact angle for each group of composites, and
(c) schematic diagram of correlation between xylitol content and wettability (ns = non-significant;
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3.2. Raman Characterization and Xylitol Location

Raman maps allow us to observe and characterize the distributed xylitol by moni-
toring the spectral intensity at specific sugar-related peaks. All the average spectra of the
polymer/xylitol composites displayed in Figure 4 are characterized by the presence of a
series of bands labeled with a brand and associated with vibrational modes belonging to
the sugar.

Normalized Intensity [%]

- X3
X2
i -
i —J;":\I\ e ; PCL U prra
S0 1000 1500 3000 3500 S00 1000 1500 3000 3500 00 1000 1500 3000 3500

Raman Shift (cm 1)

Raman Shift (cm™) Raman Shift (cm 1)

Figure 4. Raman spectra and related images after selecting one band related to the polymer matrix
(labeled in green) and the bands at (2953 and 3000 em™1) to detect the xylitol (labeled in red).

In particular, different characteristic bands of xylitol are observed in specific spectral
positions and related to CC aliphatic chain vibration (357 and 427 cm 1), CO stretching
(859 and 889 cm 1), CC alicyclic and aliphatic chain vibration (1068, 1097 and 1286 cm 1),
CH,; bending (1468 em~ 1), CH stretching (2953, 3000 cm™1), and vibrational modes of OH
(3364 and 3348 cm ™ !). The intensities of these bands grow concurrently with the increase in
xylitol concentration. The remaining unmarked bands are related to the different polymers
used. By selecting the most intense bands (2953 and 3000 cm '), it was possible to monitor
the presence and distribution of xylitol within the scaffolds.

The Raman mapping images are displayed above the spectra of the various composite
scaffolds. The base polymers are labeled in green, while xylitol is marked in red. In all
three polymer types, the control samples are predominantly green, indicating the absence
of additives. Upon the addition of xylitol, red signals appear, increasingly with the rise in
xylitol concentration, demonstrating its successful incorporation within the fibers. Notably,
yellow areas become more evident, particularly in CA-X2, CA-X3, and for all the PLLA
composites, suggesting spatial overlaps between the polymer and xylitol. These yellow
regions reflect co-localization, indicating strong interaction and good distribution of xylitol
within the polymer matrix. This integration becomes more pronounced at higher xylitol
contents, confirming the effective dispersion of the filler with the polymer scaffolds.
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3.3. Mechanical Tests of the Composites to Evaluate Xylitol Incorporation

The mechanical characterization of CA, PCL, and PLLA composites incorporating
increasing concentrations of xylitol demonstrated material-specific trends in response to
xylitol content. Stress—strain analysis revealed that CA composites exhibited progressively
increased strain capacities with rising xylitol content, with CA-X3 displaying the highest
deformation before failure (Figure 5a, left panel). Correspondingly, Young’s modulus
slightly increased only in CA-X3, even if insignificantly, while CA-X1 and CA-X2 remained
statistically similar to pure CA, suggesting that higher xylitol levels enhance stiffness
(Figure 5b, left panel). Tensile strength also improved significantly in CA-X3 (Figure 5c,
left panel), while elongation at break increased markedly at CA-X1 and remained elevated,
indicating enhanced flexibility and mechanical performance at higher xylitol concentrations
(Figure 5d, left panel).
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Figure 5. (a) Representative stress—strain curves for the different samples, as obtained from tensile
testing, with main parameters extrapolated from the tensile-testing experiments: (b) Young’s modulus,
(c) tensile strength, and (d) elongation at break (1s = non-significant; * = p < 0.05).
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In contrast, PCL composites showed a consistent decline in mechanical properties with
increasing xylitol. The stress—strain curves (Figure 5a, middle panel) indicated reduced
stress tolerance and strain capacity, with significant decreases in both Young’s modulus
(Figure 5b, middle panel) and tensile strength (Figure 5c, middle panel) by PCL-X1, and
no further significant differences thereafter. Elongation at break (Figure 5d, middle panel)
also declined sharply upon initial xylitol incorporation, reflecting compromised ductility
and stiffness, likely due to disruption of PCL’s densely packed structure. PLLA-based
composites presented an intermediate response. The incorporation of xylitol led to a
broader and more diffuse porosity profile and a reduction in both stiffness and strength.
Young’s modulus (Figure 5b, right panel) significantly decreased in PLLA-X1, with no
significant changes at higher concentrations. Tensile strength (Figure 5c, right panel) was
significantly reduced at PLLA-X1 and remained lower across all xylitol-containing PLLA
composites. Interestingly, elongation at break (Figure 5d, right panel) increased significantly
at PLLA-X2 and PLLA-X3, suggesting enhanced ductility, potentially due to increased
porosity or phase separation effects.

3.4. DSC Analysis

The thermal properties of the pristine polymers and their xylitol-based composites
were assessed using DSC, with results summarized in Figure 6. The thermograms of
the pristine polymers exhibited single endothermic peaks corresponding to their respec-
tive melting transitions. Specifically, CA showed a melting temperature peak (Tp,) of
230.6 = 0.7 °C, PCL melted at 59.8 + 0.5 °C, and PLLA at 173.6 & 0.2 °C. In contrast,
all xylitol-containing composites displayed an additional pronounced endothermic peak
around 100 °C, which was absent in the thermograms of the pristine polymers. This peak
is attributed to the melting of free or loosely bound xylitol within the polymer matrices,
confirming successful incorporation of the additive. The inclusion of xylitol resulted in
a slight reduction in the melting temperature of each polymer matrix. For instance, in
CA composites, Ty decreased to 208.5 = 0.4 °C in CA-X1 and to 208.0 £ 1.0 °C in CA-X3,
compared to the pristine CA (Figure 6b, left panel). Similarly, the Ty, of PLLA composites
dropped slightly to 172.0 £ 0.2 °C, and in PCL composites to 59.1 £ 0.3 °C, indicating
a modest plasticizing effect of xylitol on thermal transitions. Concurrently, the intensity
of the main melting peak in PLLA and PCL composites slightly diminishes, suggesting
possible partial miscibility or phase separation between polymer and additive (Figure 6b,
left panel). A more pronounced effect was observed on the degree of crystallinity (%C),
which decreased progressively with increasing xylitol content. In PCL samples, crystallinity
dropped from 47.0 + 4.1% in the pristine polymer to 34.1 + 1.5% in PC-X3 (Figure 6b,
right panel). PLLA exhibited a similar trend, with %C decreasing from 64.3 + 0.7% in the
pristine form to 48.9 + 2.7% in PL-X3. In CA, which is inherently semicrystalline, a slight
crystallinity reduction was reported from 13.1 & 2.5% to 11.4 £ 1.3% in CA-X2 and up to
12.3 £ 1.1% in CA-X3, indicating how values did not significantly change across all the
formulations (Figure 6b, right panel).

3.5. In Vitro Bacterial Testing

After undergoing blending with increasing concentrations of xylitol (X1, X2, X3),
the antibacterial activity of the electrospun scaffolds based on cellulose acetate (CA),
polycaprolactone (PCL), and poly(lactic acid) (PLLA) was evaluated using the WST assay
after 24 and 48 h of exposure to Escherichia coli and Staphylococcus aureus, and the results are
displayed in Figure 7.
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Figure 6. Representative (a) DSC curves of the three group of composites and (b) extrapolated melting
temperature. Degree of crystallinity calculated by the enthalpy obtained from each DSC curve.

At 24 h (Figure 7a, left panel), all pure polymer samples without xylitol showed high
E. coli viability, indicated by higher absorbance values. However, for CA and PCL, the in-
corporation of xylitol led to a clear concentration-dependent reduction in bacterial viability
across all polymer types. The reduction was especially marked at higher concentrations of
xylitol (X2 and X3), with CA-X3 and PCL-X3 showing the most significant drops. Between
the three pristine samples, PLLA displayed the lowest bacterial activity. The xylitol addition
enhanced antibacterial performance but not significantly as in the case of CA and PCL
composites. After 48 h (Figure 7a, right panel), a similar trend was observed, but, especially
for PCL and PLLA, the antibacterial effect appeared more pronounced overtime. For PCL
in particular, the viability decreased by ~80%, while in PLLA, the viability was reduced by
~50%. The bacterial viability on all xylitol-containing composites remained lower than the
controls and, for PCL and PLLA composites, the bacterial viability reduced overtime. Also,
for CA-X1 and CA-X2, there was a clear effect, while CA-X3, despite presenting the lowest
OD value, remained constant overtime. Notably, PCL and PLLA matrices containing the
highest amount of xylitol (PCL-X3 and PLLA-X3) resulted in the lowest absorbance values,
indicating substantial inhibition of bacterial proliferation.
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Figure 7. WST adsorption after 24 and 48 h of testing with E. coli (a) and S. aureus (b) on the different
composites, as a function of the amount of xylitol (1s = non-significant; * = p < 0.05).

The WST assay results by electrospun scaffolds composed of CA, PLLA, and PCL
treated against Staphylococcus aureus when loaded with increasing concentrations of xylitol
are reported in Figure 7b. At both 24 and 48 h, pristine polymers showed relatively high
bacterial viability, particularly in the case of CA. However, the incorporation of xylitol led to
a marked and concentration-dependent reduction in metabolic activity across all polymer
types. At 24 h (Figure 7b, left panel), CA-based composites showed a sharp initial decrease
in viability even at the lowest xylitol concentration (X1), but no difference was observed
between the three CA composite. The same trend was reported for PCL samples, while for
PLLA composite, the PLLA-X2 did not show statistical difference with the pristine sample,
despite a slight decrease in absorbance. Contrastingly, PCL-X1 and PCL-X3 demonstrated
an antimicrobial effect. At 48 h, between all the composites, CA samples exhibited a more
gradual decline, with the highest concentration (X3) showing the strongest antibacterial
effect (Figure 7b, right panel). PCL composites, which already had moderate antibacterial
performance, displayed low bacterial viability with xylitol addition, especially at X2 and
X3. PLLA composites showed a slight increase in viability compared with the one observed
at 48 h but still significantly lower than the pristine one. These findings confirm that
xylitol effectively enhances the bacteriostatic properties of electrospun CA, PLLA, and
PCL scaffolds, making them highly suitable for biomedical applications such as wound
dressings, antimicrobial barriers, and infection-preventive materials.
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The results of the live/dead staining procedure using CFDA /PI of E. coli cultured for
48 h are reported in Figure 8. Pristine CA, PCL, and PLLA displayed widespread green flu-
orescence, indicating substantial live bacteria and biofilm formation, thus lacking effective
E. coli growth inhibition. However, xylitol incorporation into the polymer matrices clearly
impacted bacterial viability. Across all three polymers, increasing xylitol concentration (X1
to X3) correlated with reduced green (live) and increased red (dead) fluorescence.

X1 X2 X3

Figure 8. Dead/live staining after 48 h of testing with E. coli on the different composites of CA, PCL
and PLLA with increasing concentration of xylitol (from X1 (lower) to X3 (higher)). Living bacteria
are stained with CFDA and labeled in green, while dead cells are stained with PI and marked in red.

This effect was most prominent in X2 and X3 composites, where dominant red sig-
nals indicated significantly higher E. coli mortality, suggesting a concentration-dependent
antibacterial effect of xylitol-modified CA, PCL, and PLLA fibrous scaffolds. Figure 9
presents live/dead staining of S. aureus after 48 h on pristine and xylitol-containing com-
posite fibers. Pristine CA, PCL, and PLLA exhibited substantial green fluorescence, in-
dicating significant live S. aureus populations and no inherent growth prevention. Con-
versely, xylitol incorporation led to increased antibacterial activity against S. aureus with
rising concentrations.

CA composites at even the lowest xylitol concentration (X1) showed near-absent green
fluorescence and few red signals, revealing strong inhibition. PCL composites transitioned
from predominantly green to mixed green/red in X1, then to dominant red and reduced
green in X2 and X3, indicating concentration-dependent killing. PLLA composites followed
a similar trend of decreasing live (green) and increasing dead (red) bacteria with higher
xylitol concentrations. Overall, xylitol incorporation conferred significant antibacterial
properties against S. aureus in all three polymers, generally improving with concentration.
Notably, CA composites displayed the most potent effect against S. aureus even at the
lowest xylitol concentration.
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Figure 9. Dead/live staining after 48 h of testing with S. aureus on the different composites of CA,
PCL and PLLA with increasing concentration of xylitol (from X1 (lower) to X3 (higher)). Living
bacteria are stained with CFDA and labeled in green, while dead cells are stained with PI and marked
in red.

4. Discussion

This study investigated the impact of incorporating xylitol, a natural sugar alcohol
known for its antibacterial properties, into electrospun fibrous scaffolds composed of
cellulose acetate (CA), polycaprolactone (PCL), and polylactic acid (PLLA). A comprehen-
sive characterization of the resulting composite scaffolds was performed, evaluating their
morphology, mechanical, chemical, thermal, and antibacterial properties.

4.1. Xylitol Content Strongly Affects the Composite Structures and Performances

The contrasting effects of xylitol incorporation on fiber morphology in electrospun CA,
PCL, and PLLA scaffolds could be linked to differences in solvent compatibility, polymer—
xylitol interactions, and overall solution behavior during electrospinning. In the case of
cellulose acetate (CA) dissolved in acetone, xylitol introduced from a water solution not
only results in a decreased fiber diameter but also in reduced porosity and increased fiber
packing density. This outcome is primarily due to the miscibility of water and acetone,
which enables homogeneous integration of xylitol into the CA matrix. The CA fiber
diameter could vary depending on the amount of water mixed with the polymer solution;
this has been observed by Han et al., who demonstrated that the average diameters of
the CA nanofibers could be controlled by changing the composition of the mixed solvent,
influencing solution properties as viscosity and conductivity [46]. A possible explanation
of the results could be found in the presence of sugar alcohol dissolved in water; due its
hydrophilic nature, it could have facilitated hydrogen bonding of CA, leading to improved
chain rearrangement and increased solution conductivity. These conditions could have
promoted finer jet stretching during electrospinning and tighter fiber deposition, resulting
in a denser mat with less inter-fiber spacing.

In contrast, when xylitol is added to PCL or PLLA solutions, dissolved in a chloro-
form/acetone (3:1) mixture or chloroform, respectively, the behavior diverges significantly.
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Due to the immiscibility or only partial miscibility of chloroform with water, xylitol cannot
properly dissolve into the polymer solution and instead forms a separate phase. This poor
dispersion could lead to emulsion-like systems with increased viscosity, micro-aggregation,
and reduced electrospinning stability. As a result, the electrospinning jet undergoes less
stretching, producing thicker fibers with greater variability. The disrupted solution ho-
mogeneity and incomplete integration of xylitol also cause fibers to deposit more loosely,
increasing scaffold porosity and slightly reducing fiber density. Moreover, the absence of
favorable interactions, since both PCL and PLLA are hydrophobic and lack affinity for
xylitol, prevents the kind of molecular-level integration seen with CA, leading to more
open, less compact fiber structures. Another important feature that characterizes all the
three types of polymers is the presence of beads at the highest presence of xylitol. This
could be attributed to several interconnected factors related to the changes in the electro-
spinning solution properties, especially surface tension, conductivity, and viscosity. Adding
xylitol could increase the overall surface tension of the polymer solution, making it more
difficult for the electrospinning jet to elongate uniformly, favoring the formation of droplets,
which then solidify as beads along the fibers or as discrete beads. Another cause could
be represented by high conductivity: high amount of xylitol, which is a polar molecule,
could have increased the electrical conductivity of the electrospinning solution, leading to
an increased charge density on the jet. This latter could have caused stronger Coulombic
forces that disrupted the stable elongation of the jet, leading to whipping instabilities and
formation of beads.

The contact angle analysis highlights the pivotal role of xylitol in modulating the
surface wettability of electrospun scaffolds. Across all polymer systems, CA, PCL, and
PLLA, the addition of xylitol consistently enhanced surface hydrophilicity, reflecting its
strong affinity for water and high polarity [47,48]. This shift in wettability can be attributed
to the presence of hydroxyl groups in xylitol, which likely migrate toward the fiber surface
or become exposed during fiber formation, thereby reducing surface tension. Notably,
the degree of wettability improvement varied among the polymers, suggesting that the
interaction between xylitol and the polymer matrix is influenced by their intrinsic chemical
compatibility and by the high amount of -OH groups presented in the xylitol structure. In
particular, a high pronounced hydrophilicity observed in CA- and PLLA-based composites
may result from better miscibility and hydrogen-bonding potential between xylitol and the
polymer chains. In contrast, PCL, being more hydrophobic, exhibited limited interaction
with xylitol, leading to less variation. Evident changes in surface properties were observed
only at higher concentration of xylitol where the molecule expressed an increased surface
wettability, reducing the polymer hydrophobicity. These findings underscore xylitol’s
potential not only as a bioactive additive but also as a surface modifier, with implications
for improving scaffold performance in applications where cell attachment, or moisture
interaction are influenced by surface hydrophilicity.

4.2. Xylitol Decreased Crystallinity, and Influenced Mechanical Properties

The mechanical response of xylitol-incorporated electrospun scaffolds exhibited dis-
tinct trends depending on the polymer matrix, highlighting the influence of polymerfiller
compatibility. In CA-based composites, mechanical performance improved with increas-
ing xylitol content, as shown by the progressive rise in elongation at break and tensile
strength. This enhancement suggests that xylitol acts as a plasticizing agent within the CA
network, potentially forming hydrogen bonds that improve chain mobility and cohesion
without significantly compromising stiffness. The slight, though non-significant, increase in
Young’s modulus at the highest xylitol concentration further supports the idea of structural
reinforcement through favorable molecular interactions. Previous tests conducted on CA
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but using another polyol like the glycerol, showed how the incorporation of the plasticizer
influenced the mechanical and thermal properties of the CA scaffolds, also increasing
the crystallinity; these improvements were described as a result of a rearrangement of
the chains of the polymer matrix and occurred via hydrogen bonds between glycerol
and CA [49]. Conversely, PCL composites experienced a notable decline in mechanical
properties upon xylitol addition. The sharp drop in tensile strength, Young’s modulus,
and elongation at break, particularly evident in the initial xylitol-containing formulation,
indicates phase separation and poor compatibility. Xylitol likely disrupts PCL’s crystalline
packing and forms heterogeneities that compromise mechanical integrity. PLLA exhibited
an intermediate behavior: while stiffness and strength were reduced, particularly at lower
xylitol levels, elongation at break improved at higher concentrations, pointing to a dual ef-
fect of structural disruption and increased ductility. This may be attributed to broader pore
distribution and partial miscibility, resulting in softer, more deformable scaffolds. The ther-
mal analysis of the scaffolds further supports the trends observed in mechanical behavior
and reveals important insights into the phase interactions between xylitol and the polymers.
The appearance of a distinct endothermic peak around 100 °C in all xylitol-containing
composites confirms the presence of free or loosely bound xylitol and verifies its successful
incorporation into the electrospun fibers. Additionally, the modest decrease in melting
temperature across CA, PCL, and PLLA suggests a plasticizing effect of xylitol, which likely
disrupts the regularity of polymer chain packing. This is particularly evident in the degree
of crystallinity, which dropped significantly in PCL and PLLA composites with increasing
xylitol content, indicating reduced structural order and the presence of amorphous regions
due to limited miscibility. These findings are confirmed by the results from other published
works that used other sugar alcohols instead like glycerol, demonstrating how its incorpora-
tion in PCL progressively disrupted the crystallinity and reduced the melting temperature
due to branching and consequently enhancing its water absorption capacity [50]. Even PLA
composite scaffolds that were modified with the addition of glycerol exhibited the same
performance and variations in mechanical properties and crystallinity that were observed
with the addition of xylitol [51]. A crescent concentration of glycerol decreased the tensile
strength of PLA composites and consequently increased the elongation at break. In another
study, reported by Lv et al., where glycerol was mixed with PLA to evaluate its effect as
plasticizer, the crystallinity degree decreased and affected the thermal and mechanical
properties [52]. The reduced crystallinity in PCL and PLLA not only contributes to their
mechanical softening but also reflects a lack of cohesive integration of xylitol within the
polymer matrix. In contrast, CA, which is inherently less crystalline, showed minimal
changes in crystallinity, aligning with its greater compatibility with xylitol.

4.3. Significant and Stable Antibacterial Effect Provided by the Xylitol Against S. aureus and E.
coli over Time

The integration of xylitol into electrospun CA, PCL, and PLLA scaffolds notably
enhanced their antibacterial performance against both Escherichia coli and Staphylococcus
aureus, with the effects varying depending on polymer type, bacterial species, and exposure
time. Pristine scaffolds exhibited negligible antibacterial activity, underscoring the necessity
of functional additives like xylitol. The bacteriostatic mechanism of xylitol, primarily driven
by metabolic interference and anti-adherence effects, manifested differently across the
two bacterial strains. Against S. aureus, a Gram-positive bacterium, the scaffolds exhibited
rapid and significant inhibition, even at the lowest xylitol concentrations. This suggests
a high susceptibility of S. aureus to xylitol released from the polymer matrixes, likely due
to enhanced interactions with bacterial surface proteins and disruption of extracellular
polysaccharide formation, which are key to adhesion and biofilm development. This has
been confirmed by in vitro experiments related to the study of xylitol against the bacteria
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for skin-related application [41,53,54]. The sugar has the capacity to stop the growth of
the colonies by inhibiting the formation of glycocalyx that, along with the fibrin fibers, are
responsible in biofilm biomass formation [53]. Furthermore, another work published by
Ferreira et al. describes how xylitol also presents anti-adherence properties to function
against S. aureus [55].

Regarding the E. coli testing, the composites showed a gradual and concentration-
dependent reduction in viability, especially in CA- and PCL-based composites, as demon-
strated by WST assays and live/dead staining. While the antibacterial effect was less
immediate, the scaffolds maintained a sustained inhibitory action over 48 h, indicating
either slow diffusion or the prolonged effect of xylitol within the fibrous matrix. This
suggested that the antibacterial effect of xylitol against E. coli is different and more dose-
related compared to the effect observed against S. aureus. And these findings align with
the context-dependent antibacterial efficacy of xylitol reported in the literature; an in vitro
study performed by da Silva et al. suggested that xylitol’s impact on E. coli may not be
substantial unless high concentrations are used, and furthermore, they demonstrated how
the sugar presented stronger anti-adhesion properties when compared to the capacity to
inhibit the bacterial growth and colony formation [56].

4.4. Use and Limitations of Xylitol-Based Scaffolds

The integration of xylitol into electrospun CA, PCL, and PLLA scaffolds introduces a
set of characteristics that distinguish these composites from conventional polymer-based
bioactive scaffolds. Conventional electrospun polyesters, such as PLLA and PCL, are
widely employed for tissue engineering due to their processability and mechanical stability;
however, they typically exhibit high stiffness (Young’s modulus in the GPa range) and very
slow degradation rates that can extend over several years, often leading to poor compli-
ance with soft tissues and long-term persistence in vivo. By contrast, xylitol-containing
scaffolds display mechanical softening and tunable degradation, placing their behavior
closer to sugar-derived elastomers and PEG—citrate hybrid systems, which are known for
their elasticity and faster resorption [57,58]. This tunability arises from the disruption of
crystalline packing and hydrogen bonding induced by xylitol, as confirmed by the reduc-
tion in melting temperatures and crystallinity observed in our DSC analysis (Section 4.2,
Figure 6). Such thermal and mechanical signatures are in line with the effects reported
for glycerol-modified PCL, PVA and PGA systems, where the incorporation of polyols
decreased crystallinity and stiffness while increasing ductility and hydrophilicity [50,59,60].

In terms of bioactivity, xylitol offers advantages that differ from more traditional
strategies such as the incorporation of bioactive fillers (e.g., hydroxyapatite, bioglass) or
chemical functionalization of polyesters. While bioactive fillers can endow scaffolds with
osteoconductive or antibacterial properties, they often introduce particle aggregation, inho-
mogeneous dispersion, and batch-to-batch variability, which can compromise mechanical
performance and reproducibility [61,62]. The presence of filler/matrix interfaces also of-
ten leads to a deterioration of mechanical properties, which in turn limits the maximum
feasible filler content [63]. In our study, Raman mapping (Figure 4) revealed the presence
of xylitol-rich domains, indicating some local heterogeneity. However, the overall Raman
signal intensity was comparable between batches and patches, confirming a reproducible
incorporation of xylitol throughout the scaffold volume. This contrasts with filler-based
systems, where inhomogeneity frequently leads to unpredictable mechanical behavior.

PEG-based and citrate elastomer scaffolds typically rely on covalent functionalization
or surface coatings to achieve bioactivity, often requiring multi-step synthesis. By com-
parison, xylitol acts as a single-component bioactive additive, conferring hydrophilicity,
metabolic compatibility, and antibacterial activity without additional surface treatments.
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The stable antibacterial effect demonstrated against both S. aureus and E. coli (Section 4.3)
highlights an intrinsic functionality not typically observed in pristine PLLA, PCL, or
CA scaffolds.

Despite these advantages, certain limitations must be acknowledged. The presence of
xylitol-rich domains may create local variations in mechanical properties and degradation
rates, particularly in hydrophobic matrices such as PCL and PLLA, where miscibility is
limited. This microscale heterogeneity could affect uniformity in vivo. Additionally, the
current study provides semi-quantitative insights into xylitol content and distribution via
Raman and DSC, but absolute quantification (e.g., by HPLC-RI or TGA) will be essential to
fully elucidate structure—property relationships. Finally, while the observed antibacterial
activity and tunable mechanical properties are promising, long-term in vivo evaluations
are needed to determine how these features translate into tissue integration, degradation
behavior, and functional performance in physiological environments.

4.5. Notes on the Stability of Xylitol in Physiological Environments

Previous studies have shown that xylitol-based polymers and elastomers exhibit
good biocompatibility and undergo gradual hydrolytic degradation under physiological
conditions, resulting in a controlled release of xylitol without causing adverse tissue reac-
tions. For instance, Bruggeman et al. reported that biodegradable xylitol-based elastomers
degrade predictably in vivo, releasing xylitol in a sustained manner while maintaining
biocompatibility and structural integrity during the early stages of implantation [64,65].
Additionally, Arruda et al. reviewed xylitol’s physicochemical stability in aqueous and
physiological media, emphasizing its high stability, low reactivity, and suitability for
biomedical formulations, including controlled release systems [66].

In our study, the polymer matrices are expected to provide a similar gradual diffusion
of xylitol in aqueous physiological environments (e.g., PBS, pH 7.4), enabling prolonged
antimicrobial activity without abrupt leaching. While detailed quantitative release profiles
are beyond the scope of this work, these previous findings strongly support the stability and
controlled release behavior of xylitol, which is crucial for potential biomedical applications
of our electrospun scaffolds. We are currently planning follow-up studies to systematically
evaluate release kinetics and stability under physiological conditions.

5. Conclusions

In conclusion, this study demonstrates that the incorporation of xylitol into electrospun
CA, PCL, and PLLA scaffolds leads to profound modifications of their physicochemical,
mechanical, and biological properties, underscoring the strong influence of polymerfiller
interactions. Morphological analyses revealed that xylitol reduced fiber diameter and
porosity in CA scaffolds, while inducing larger and more heterogeneous fibers in PCL and
PLLA, reflecting differences in solvent-polymer—xylitol interactions and matrix compatibil-
ity. These structural changes directly influenced mechanical behavior: CA benefited from
improved tensile strength and flexibility at higher xylitol concentrations, whereas PCL com-
posites consistently lost mechanical performance, and PLLA displayed reduced stiffness
but a marked increase in ductility. These trends were corroborated by thermal analysis,
which showed a reduction in melting temperature and crystallinity, particularly in PCL and
PLLA, indicating a plasticizing effect of xylitol on the polymer matrices. Additionally, all
three polymers exhibited enhanced surface hydrophilicity with increasing xylitol content, a
property that may favor cell adhesion and integration in biomedical settings.

The most significant functional outcome of xylitol incorporation was the strong an-
tibacterial activity imparted to all scaffolds. Both S. aureus and E. coli growth were inhibited,
with S. aureus showing rapid and pronounced susceptibility, while E. coli inhibition oc-
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curred more gradually and was concentration dependent. These results highlight xylitol’s
role as a broad-spectrum antibacterial agent capable of enhancing the intrinsic bioactivity
of electrospun scaffolds.

Beyond the specific systems studied, these findings suggest that the strategy of incor-
porating xylitol into electrospun matrices can be generalized to a wider range of polymers.
Electrospinning is inherently adaptable to multiple natural and synthetic polymers, and
the ability of xylitol to simultaneously modulate morphology, mechanics, wettability, and
antibacterial function positions it as a broadly applicable additive. Thus, this approach has
strong potential for translation into diverse application areas, including wound dressings,
tissue scaffolds, protective filtration systems, and antimicrobial packaging.

Future research should expand this framework by investigating compatibility with other
polymer systems, optimizing xylitol distribution to balance mechanical and antibacterial
performance, and evaluating long-term stability and in vivo functionality. Taken together,
our results position xylitol-modified electrospun fibers as a versatile, low-cost, and scalable
platform technology for the development of next-generation functional biomaterials.

Author Contributions: Conceptualization, F.B.; methodology, EB. and M.Z.; software, EB. and H.X;
validation, F.B., H.X. and E.M.; formal analysis, E.B.; investigation, EB.; resources, H.X. and K.K,;
data curation, EB. and M.Z.; writing—original draft preparation, EB. and M.Z.; writing—review and
editing, F.B., H.X. and E.M.; visualization, EB.; supervision, H.X. and K.K,; project administration,
E.B. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The original contributions presented in the study are included in the
article, further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

Metter, R.B.; Ifkovits, J.L.; Hou, K.; Vincent, L.; Hsu, B.; Wang, L.; Mauck b, R.L.; Burdick, J.A. Biodegradable Fibrous Scaffolds
with Diverse Properties by Electrospinning Candidates from a Combinatorial Macromer Library. Acta Biomater. 2009, 6, 1219.
[CrossRef]

Rodriguez-Cabello, J.C.; De Torre, I.G.; Gonzélez-Pérez, M.; Gonzélez-Pérez, F.; Montequi, I. Fibrous Scaffolds From Elastin-Based
Materials. Front. Bioeng. Biotechnol. 2021, 9, 652384. [CrossRef]

Boateng, ].S.; Matthews, K.H.; Stevens, H.N.E.; Eccleston, G.M. Wound healing dressings and drug delivery systems: A review. J.
Pharm. Sci. 2008, 97, 2892-2923. [CrossRef]

Negut, I.; Dorcioman, G.; Grumezescu, V. Scaffolds for Wound Healing Applications. Polymers 2020, 12, 2010. [CrossRef]

Li, WJ].; Cooper, J.A. Fibrous Scaffolds for Tissue Engineering. In Biomaterials for Tissue Engineering Applications: A Review of the
Past and Future Trends; Springer: Vienna, Austria, 2011; pp. 47-73. [CrossRef]

Zhou, Y,; Liu, Y;; Zhang, M.; Feng, Z.; Yu, D.G.; Wang, K. Electrospun Nanofiber Membranes for Air Filtration: A Review.
Nanomaterials 2022, 12, 1077. [CrossRef] [PubMed]

Vasita, R.; Katti, D.S. Nanofibers and their applications in tissue engineering. Int. J. Nanomed. 2006, 1, 15-30. [CrossRef] [PubMed]
Senthamizhan, A.; Balusamy, B.; Uyar, T. Electrospinning: A versatile processing technology for producing nanofibrous materials
for biomedical and tissue-engineering applications. In Electrospun Materials for Tissue Engineering and Biomedical Applications;
Woodhead Publishing: Cambridge, UK, 2017; pp. 3—41. [CrossRef]

Jun, I; Han, H.S.; Edwards, J.R.; Jeon, H. Electrospun Fibrous Scaffolds for Tissue Engineering: Viewpoints on Architecture and
Fabrication. Int. ]. Mol. Sci. 2018, 19, 745. [CrossRef]

CeCe, R; Jining, L.; Islam, M.; Korvink, J.G.; Sharma, B. An Overview of the Electrospinning of Polymeric Nanofibers for
Biomedical Applications Related to Drug Delivery. Adv. Eng. Mater. 2024, 26, 2301297. [CrossRef]

Wang, L.; Ryan, A.J. Introduction to electrospinning. In Electrospinning for Tissue Regeneration; Woodhead Publishing: Cambridge,
UK, 2011; pp. 3-33. [CrossRef]

Fair, E.; Bornstein, J.; Lyons, T.; Sgobba, P.; Hayes, A.; Rourke, M.; Macwan, I.; Haghbin, N. Evaluating the efficacy of uniformly
designed square mesh resin 3D printed scaffolds in directing the orientation of electrospun PCL nanofibers. Sci. Rep. 2024,
14,22722. [CrossRef] [PubMed]


https://doi.org/10.1016/j.actbio.2009.10.027
https://doi.org/10.3389/fbioe.2021.652384
https://doi.org/10.1002/jps.21210
https://doi.org/10.3390/polym12092010
https://doi.org/10.1007/978-3-7091-0385-2_3
https://doi.org/10.3390/nano12071077
https://www.ncbi.nlm.nih.gov/pubmed/35407195
https://doi.org/10.2147/nano.2006.1.1.15
https://www.ncbi.nlm.nih.gov/pubmed/17722259
https://doi.org/10.1016/B978-0-08-101022-8.00001-6
https://doi.org/10.3390/ijms19030745
https://doi.org/10.1002/adem.202301297
https://doi.org/10.1533/9780857092915.1.3
https://doi.org/10.1038/s41598-024-72711-6
https://www.ncbi.nlm.nih.gov/pubmed/39349524

Polymers 2025, 17, 3024 22 of 24

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Siskova, A.O.; Buckova, M.; Kronekovd, Z.; Kleinova, A.; Nagy, S.; Rydz, ]J.; Opélek, A.; Slavikova, M.; Andicsovd, A.E. The
Drug-Loaded Electrospun Poly(e-Caprolactone) Mats for Therapeutic Application. Nanomaterials 2021, 11, 922. [CrossRef]
Nayl, A.; Abd-Elhamid, A.IL;; Awwad, N.S.; Abdelgawad, M.A.; Wu, J.; Mo, X.; Gomha, S.M.; Aly, A.A.; Brise, S. Recent Progress
and Potential Biomedical Applications of Electrospun Nanofibers in Regeneration of Tissues and Organs. Polymers 2022, 14, 1508.
[CrossRef] [PubMed]

Hu, C.; Zhang, Y.; Pang, X.; Chen, X. Poly (Lactic Acid): Recent Stereochemical Advances and New Materials Engineering. Adv.
Mater. 2024, 37, 2412185. [CrossRef]

De Luca, S.; Milanese, D.; Gallichi-Nottiani, D.; Cavazza, A.; Sciancalepore, C. Poly(lactic acid) and Its Blends for Packaging
Application: A Review. Clean Technol. 2023, 5, 1304-1343. [CrossRef]

DeStefano, V.; Khan, S.; Tabada, A. Applications of PLA in modern medicine. Eng. Regen. 2020, 1, 76-87. [CrossRef]

Santoro, M.; Shah, S.R.; Walker, ].L.; Mikos, A.G. Poly (lactic acid) nanofibrous scaffolds for tissue engineering. Adv. Drug Deliv.
Rev. 2016, 107, 206-212. [CrossRef]

Konwarh, R.; Karak, N.; Misra, M. Electrospun cellulose acetate nanofibers: The present status and gamut of biotechnological
applications. Biotechnol. Adv. 2013, 31, 421-437. [CrossRef]

Topuz, F.; Uyar, T. Electrospinning of sustainable polymers from biomass for active food packaging. Sustain. Food Technol. 2024,
2,1266-1296. [CrossRef]

Oldal, D.G; Topuz, E; Holtzl, T.; Szekely, G. Green Electrospinning of Biodegradable Cellulose Acetate Nanofibrous Membranes
with Tunable Porosity. ACS Sustain. Chem. Eng. 2023, 11, 994-1005. [CrossRef]

Sabarees, G.; Velmurugan, V.; Tamilarasi, G.P.; Alagarsamy, V.; Raja Solomon, V. Recent Advances in Silver Nanoparticles
Containing Nanofibers for Chronic Wound Management. Polymers 2022, 14, 3994. [CrossRef] [PubMed]

Samokhin, Y.; Varava, Y.; Diedkova, K.; Yanko, I; Korniienko, V.; Husak, Y.; latsunskyi, L.; Grebnevs, V.; Bertins, M.; Banasiuk,
R.; et al. Electrospun Chitosan/Polylactic Acid Nanofibers with Silver Nanoparticles: Structure, Antibacterial, and Cytotoxic
Properties. ACS Appl. Bio Mater. 2025, 8, 1027-1037. [CrossRef] [PubMed]

Kalantari, K.; Afifi, A.M.; Jahangirian, H.; Webster, T.]. Biomedical applications of chitosan electrospun nanofibers as a green
polymer—Review. Carbohydr. Polym. 2019, 207, 588-600. [CrossRef]

Reyes-Guzmdn, V.L.; Villarreal-Gémez, L.].; Vazquez-Mora, R.; Méndez-Ramirez, Y.I.; Paz-Gonzalez, ].A.; Zizumbo-Loépez, A.;
Borbén, H.; Lizarraga-Medina, E.G.; Cornejo-Bravo, ].M.; Pérez-Gonzalez, G.L.; et al. Integrating an antimicrobial nanocomposite
to bioactive electrospun fibers for improved wound dressing materials. Sci. Rep. 2024, 14, 25118. [CrossRef]

Adamu, B.F,; Gao, J.; Jhatial, A.K.; Kumelachew, D.M. A review of medicinal plant-based bioactive electrospun nano fibrous
wound dressings. Mater. Des. 2021, 209, 109942. [CrossRef]

Jin, E.; Wu, M.; Wang, S.; Qiao, Z.; Li, M.; Linghu, W. Preparation and application performance of graft-quaternization double
modified chitosan electrospun antibacterial nanofibers. Mater. Today Commun. 2022, 31, 103712. [CrossRef]

Li, M.; Zhu, S.; Li, X,; Jin, E. Effects of the molecular structure of graft-quaternization double modified chitosan on the functional
properties of electrospun antibacterial nanofiber. Iran. Polym. ]. 2025, 34, 355-371. [CrossRef]

Hadipour-Goudarzi, E.; Montazer, M.; Latifi, M.; Aghaji, A.A.G. Electrospinning of chitosan/sericin/PVA nanofibers incorporated
with in situ synthesis of nano silver. Carbohydr. Polym. 2014, 113, 231-239. [CrossRef] [PubMed]

Yu, D.G.; Zhou, J.; Chatterton, N.P; Li, Y.; Huang, J.; Wang, X. Polyacrylonitrile nanofibers coated with silver nanoparticles using
a modified coaxial electrospinning process. Int. ]. Nanomed. 2012, 7, 5725-5732. [CrossRef] [PubMed]

Salaeh, S.; Thongnuanchan, B.; Bueraheng, Y.; Das, A.; Kaus, N.-H.M.; Wiefiner, S. The utilization of glycerol and xylitol in
bio-based vitrimer-like elastomer: Toward more environmentally friendly recyclable and thermally healable crosslinked rubber.
Eur. Polym. |. 2023, 198, 112422. [CrossRef]

Miao, J.; Ma, H.; Wu, X; Fang, S.; Zou, L.; Zhu, M.; Ma, L.; Liu, W.; Chen, L. Glycerol-regulated interfacial adsorption behavior of
whey protein isolate for stable high internal phase emulsion gels: Impact on lipid oxidation and curcumin bioaccessibility. Food
Hydrocoll. 2025, 163, 111159. [CrossRef]

Ben, Z.Y.; Samsudin, H.; Yhaya, M.E. Glycerol: Its properties, polymer synthesis, and applications in starch based films. Eur.
Polym. . 2022, 175, 111377. [CrossRef]

Hajiahmadi, M.; Faghri, J.; Salehi, Z.; Heidari, F. Comparative Evaluation of Antibacterial Effect of Propolis and Aloe Vera, Xylitol,
and Cpp-Acp Gels on Streptococcus mutans and Lactobacillus in Vitro. Int. J. Dent. 2021, 2021, 5842600. [CrossRef] [PubMed]
Ferreira, A ; Silva-Paes-Leme, A.; Raposo, N.; da Silva, S. By passing microbial resistance: Xylitol controls microorganisms growth
by means of its anti-adherence property. Curr. Pharm. Biotechnol. 2015, 16, 35-42. [CrossRef]

Nayak, P.A.; Nayak, U.A.; Khandelwal, V. The effect of xylitol on dental caries and oral flora. Clin. Cosmet. Investig. Dent. 2014,
6, 89. [CrossRef]

Loesche, W.]. Microbiology of Dental Decay and Periodontal Disease. 1996. Available online: https://www.ncbi.nlm.nih.gov/
books/NBK8259/ (accessed on 9 April 2025).


https://doi.org/10.3390/NANO11040922
https://doi.org/10.3390/polym14081508
https://www.ncbi.nlm.nih.gov/pubmed/35458258
https://doi.org/10.1002/adma.202412185
https://doi.org/10.3390/cleantechnol5040066
https://doi.org/10.1016/j.engreg.2020.08.002
https://doi.org/10.1016/j.addr.2016.04.019
https://doi.org/10.1016/j.biotechadv.2013.01.002
https://doi.org/10.1039/D4FB00147H
https://doi.org/10.1021/acssuschemeng.2c05676
https://doi.org/10.3390/polym14193994
https://www.ncbi.nlm.nih.gov/pubmed/36235942
https://doi.org/10.1021/acsabm.4c01252
https://www.ncbi.nlm.nih.gov/pubmed/39810459
https://doi.org/10.1016/j.carbpol.2018.12.011
https://doi.org/10.1038/s41598-024-75814-2
https://doi.org/10.1016/j.matdes.2021.109942
https://doi.org/10.1016/j.mtcomm.2022.103712
https://doi.org/10.1007/s13726-024-01375-w
https://doi.org/10.1016/j.carbpol.2014.06.082
https://www.ncbi.nlm.nih.gov/pubmed/25256480
https://doi.org/10.2147/IJN.S37455
https://www.ncbi.nlm.nih.gov/pubmed/23166437
https://doi.org/10.1016/j.eurpolymj.2023.112422
https://doi.org/10.1016/j.foodhyd.2025.111159
https://doi.org/10.1016/j.eurpolymj.2022.111377
https://doi.org/10.1155/2021/5842600
https://www.ncbi.nlm.nih.gov/pubmed/34790236
https://doi.org/10.2174/1389201015666141202104347
https://doi.org/10.2147/CCIDE.S55761
https://www.ncbi.nlm.nih.gov/books/NBK8259/
https://www.ncbi.nlm.nih.gov/books/NBK8259/

Polymers 2025, 17, 3024 23 of 24

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Effect of Xylitol on an In Vitro Model of Oral Biofilm | Quintessence Publishing Germany | Quintessenz Verlags-GmbH. 2008.
Available online: https://www.quintessence-publishing.com/deu/en/article/841613 (accessed on 2 October 2025).

Marttinen, A.M.; Ruas-Madiedo, P.; Hidalgo-Cantabrana, C.; Saari, M.A.; Thalin, R.A.; Soderling, E.M. Effects of xylitol on
xylitol-sensitive versus xylitol-resistant streptococcus mutans strains in a three-species in vitro biofilm. Curr. Microbiol. 2012,
65,237-243. [CrossRef]

Azarpazhooh, A.; Lawrence, H.P.,; Shah, P.S. Xylitol for preventing acute otitis media in children up to 12 years of age. Cochrane
Database Syst. Rev. 2016, 2016, CD007095. [CrossRef] [PubMed]

Anglenius, H.; Tiihonen, K. Evaluation of xylitol as an agent that controls the growth of skin microbes: Staphylococcus aureus,
Staphylococcus epidermidis, and Cutibacterium acnes. Microbiol. Soc. Korea 2020, 56, 54-58. [CrossRef]

Salli, K.; Lehtinen, M.J.; Tithonen, K.; Ouwehand, A.C. Xylitol’s Health Benefits beyond Dental Health: A Comprehensive Review.
Nutrients 2019, 11, 1813. [CrossRef]

Cerqueira, D.A; Filho, G.R.; Assun¢ao, RM.N. A new value for the heat of fusion of a perfect crystal of cellulose acetate. Polym.
Bull. 2006, 56, 475-484. [CrossRef]

Fernandez-Tena, A.; Pérez-Camargo, R.A.; Coulembier, O.; Sangroniz, L.; Aranburu, N.; Guerrica-Echevarria, G.; Liu, G.; Wang,
D.; Cavallo, D.; Miiller, A J. Effect of Molecular Weight on the Crystallization and Melt Memory of Poly(e-caprolactone) (PCL).
Macromolecules 2023, 56, 4602-4620. [CrossRef]

Boonying, S.; Sutapun, W.; Supakarn, N.; Ruksakulpiwat, Y. Crystallization behavior of vetiver grass fiber- polylactic acid
composite. Adv. Mat. Res. 2012, 410, 55-58. [CrossRef]

Han, S.O.; Youk, ].H.; Min, K.D.; Kang, Y.O.; Park, W.H. Electrospinning of cellulose acetate nanofibers using a mixed solvent of
acetic acid /water: Effects of solvent composition on the fiber diameter. Mater. Lett. 2008, 62, 759-762. [CrossRef]

Mosquera, M.; Orozco, F,; Benitez, R.; Martin, J.; Rojas, G. Controlled branching by step-growth polymerization of xylitol and
succinic acid via microwave irradiation. ACS Omega 2021, 6, 13987-13994. [CrossRef]

Dong, W,; Li, T,; Xiang, S.; Ma, P.; Chen, M. Influence of glutamic acid on the properties of poly(xylitol glutamate sebacate)
bioelastomer. Polymers 2013, 5, 1339-1351. [CrossRef]

Gongalves, S.M.; Santos, D.C.D.; Motta, ].EG.; Santos, RR.D.; Chévez, D.W.H.; de Melo, N.R. Structure and functional properties
of cellulose acetate films incorporated with glycerol. Carbohydr. Polym. 2019, 209, 190-197. [CrossRef]

Chakraborty, S.; Pagaduan, ].N.M.; Melgar, Z.K.A.; Seitz, S.; Kan, K.; Ajiro, H. Glycerol-modified poly(e-caprolactone): An
biocatalytic approach to improve the hydrophilicity of poly(e-caprolactone). Polym. Bull. 2019, 76, 1915-1928. [CrossRef]
Satriyatama, A.; Rochman, V.A.A.; Adhi, R.E. Study of the Effect of Glycerol Plasticizer on the Properties of PLA/Wheat Bran
Polymer Blends. IOP Conf. Ser. Mater. Sci. Eng. 2021, 1143, 012020. [CrossRef]

Lv, S; Liu, X;; Gu, J; Jiang, Y.; Tan, H.; Zhang, Y. Effect of glycerol introduced into PLA based composites on the UV weathering
behavior. Constr. Build. Mater. 2017, 144, 525-531. [CrossRef]

Masako, K.; Hideyuki, I.; Shigeyuki, O.; Zenro, I. A novel method to control the balance of skin microflora: Part 1. Attack on
biofilm of Staphylococcus aureus without antibiotics. J. Dermatol. Sci. 2005, 38, 197-205. [CrossRef]

Akiyama, H.; Oono, T.; Huh, W.-K,; Yamasaki, O.; Ogawa, S.; Katsuyama, M.; Ichikawa, H.; Iwatsuki, K. Actions of farnesol and
xylitol against Staphylococcus aureus. Chemotherapy 2002, 48, 122-128. [CrossRef]

Ferreira, A.S.; Barbosa, N.R.; Junior, D.R.; da Silva, S.S. In vitro mechanism of xylitol action against Staphylococcus aureus ATCC
25923. In Current Research Topics in Applied Microbiology and Microbial Biotechnology; World Scientific Connect: Singapore, 2009;
pp. 505-509. [CrossRef]

daSilva, A.F; Suzuki, E.Y,; Ferreira, A.S.; Oliveira, M.G.; da Silva, S.S.; Raposo, N.R.B. In vitro inhibition of adhesion of Escherichia
coli strains by Xylitol. Braz. Arch. Biol. Technol. 2011, 54, 235-241. [CrossRef]

Galbis, J.A.; Garcia-Martin, M.D.G.; De Paz, M.V.; Galbis, E. Synthetic Polymers from Sugar-Based Monomers. Chem. Rev. 2016,
116, 1600-1636. [CrossRef]

Wan, L.; Lu, L,; Liang, X,; Liu, Z.; Huang, X,; Du, R.; Luo, Q.; Xu, Q.; Zhang, Q.; Jia, X. Citrate-Based Polyester Elastomer with
Artificially Regulatable Degradation Rate on Demand. Biomacromolecules 2023, 24, 4123-4137. [CrossRef]

Kovtun, G.; Casas, D.; Cuberes, T. Influence of Glycerol on the Surface Morphology and Crystallinity of Polyvinyl Alcohol Films.
Polymers 2024, 16, 2421. [CrossRef]

Lin, C.C.; Chiu, J.Y. Glycerol-modified y-PGA and gellan composite hydrogel materials with tunable physicochemical and
thermal properties for soft tissue engineering application. Polymer 2021, 230, 124049. [CrossRef]

Hong, G.W.; Wan, J.; Yoon, S.E.; Wong, S.; Yi, K.H. Conditions to Consider When Choosing Fillers. J. Cosmet. Dermatol. 2025,
24, e70075. [CrossRef] [PubMed]

Zhao, H.; Tsigkou, O.; Chen, X. The effect of bioactive glass particle size on viscosity, stickiness and packability of resin composites.
Next Mater. 2024, 5, 100265. [CrossRef]


https://www.quintessence-publishing.com/deu/en/article/841613
https://doi.org/10.1007/s00284-012-0151-2
https://doi.org/10.1002/14651858.CD007095.pub3
https://www.ncbi.nlm.nih.gov/pubmed/27486835
https://doi.org/10.7845/KJM.2020.0001
https://doi.org/10.3390/nu11081813
https://doi.org/10.1007/s00289-006-0511-9
https://doi.org/10.1021/acs.macromol.3c00234
https://doi.org/10.4028/www.scientific.net/AMR.410.55
https://doi.org/10.1016/j.matlet.2007.06.059
https://doi.org/10.1021/acsomega.0c05875
https://doi.org/10.3390/polym5041339
https://doi.org/10.1016/j.carbpol.2019.01.031
https://doi.org/10.1007/s00289-018-2443-6
https://doi.org/10.1088/1757-899X/1143/1/012020
https://doi.org/10.1016/j.conbuildmat.2017.03.209
https://doi.org/10.1016/j.jdermsci.2005.01.006
https://doi.org/10.1159/000064916
https://doi.org/10.1142/9789812837554_0105
https://doi.org/10.1590/S1516-89132011000200003
https://doi.org/10.1021/acs.chemrev.5b00242
https://doi.org/10.1021/acs.biomac.3c00479
https://doi.org/10.3390/polym16172421
https://doi.org/10.1016/j.polymer.2021.124049
https://doi.org/10.1111/jocd.70075
https://www.ncbi.nlm.nih.gov/pubmed/40062708
https://doi.org/10.1016/j.nxmate.2024.100265

Polymers 2025, 17, 3024 24 of 24

63. Kobayashi, M.; Nakamura, T.; Shinzato, S.; Mousa, W.E,; Nishio, K.; Ohsawa, K.; Kokubo, T.; Kikutani, T. Effect of bioactive filler
content on mechanical properties and osteoconductivity of bioactive bone cement. J. Biomed. Mater. Res. Off. ]. Soc. Biomater. Jpn.
Soc. Biomater. Aust. Soc. Biomater. Korean Soc. Biomater. 1999, 46, 447-457. [CrossRef]

64. Bruggeman, J.P.; Bettinger, C.J.; Langer, R. Biodegradable xylitol-based elastomers: In vivo behavior and biocompatibility. |
Biomed. Mater. Res. A 2010, 95A, 92-104. [CrossRef]

65. Bruggeman, ].P; Bettinger, C.J.; Nijst, C.L.E.; Kohane, D.S.; Langer, R. Biodegradable Xylitol-Based Polymers. Adv. Mater. 2008,
20,1922-1927. [CrossRef]

66. de Arruda, P.V;; Milessi, T.S.; Alves-Ferreira, J.; Sene, L.; Carvalheiro, F; Duarte, L.C.; de Almeida Felipe, M.D.G. Applications
of xylitol in food, material, health, and medical sector. In Current Advances in Biotechnological Production of Xylitol: Fermentative
Production of Xylitol; Springer International Publishing: Cham, Switzerland, 2022; pp. 205-237. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1002/(SICI)1097-4636(19990915)46:4%3C447::AID-JBM2%3E3.0.CO;2-P
https://doi.org/10.1002/jbm.a.32733
https://doi.org/10.1002/adma.200702377
https://doi.org/10.1007/978-3-031-04942-2_10

	Introduction 
	Materials and Methods 
	Sample Preparation 
	Morphological, Physical, and Chemical Characterization 
	Mechanical Tests 
	Thermal Characterization 
	In Vitro Test 
	Bacterial Characterization 
	Statistical Analysis 

	Results 
	Effect of Xylitol on Fiber Morphology 
	Raman Characterization and Xylitol Location 
	Mechanical Tests of the Composites to Evaluate Xylitol Incorporation 
	DSC Analysis 
	In Vitro Bacterial Testing 

	Discussion 
	Xylitol Content Strongly Affects the Composite Structures and Performances 
	Xylitol Decreased Crystallinity, and Influenced Mechanical Properties 
	Significant and Stable Antibacterial Effect Provided by the Xylitol Against S. aureus and E. coli over Time 
	Use and Limitations of Xylitol-Based Scaffolds 
	Notes on the Stability of Xylitol in Physiological Environments 

	Conclusions 
	References

