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ABSTRACT

Background: Lavandula angustifolia Mill. is widely used for its potential health benefits. It has antimicrobial, anti-inflammatory,

and wound-healing properties due to the presence of both terpenoids and phenolic compounds. Novel formulations for both oral

and topical usage could extend the range of applications.

Methods: In this study, electrospun nanofibers incorporating dry extract of lavender (at 9.09%, 16.67%, and 24.98% w/w) were

prepared using polyvinylpyrrolidone (PVP) as a polymer matrix, with the aim of creating fast-dissolving systems.

Results: Fibers produced at 10 kV exhibited uniform morphology, with the 9.09% w/w lavender extract ratio showing the

optimum morphology (average diameters: 0.70-1.49 um). The obtained fibers were smooth, uniform, free of beads, and comprised

amorphous solid dispersions. All the fiber formulations rapidly disintegrated and accelerated the dissolution of lavender extract.

Conclusions: These findings highlight the potential of lavender extract-loaded nanofibers as fast-acting delivery systems. This

work provides a novel approach for formulating medicinal plant-loaded nanofibers, especially for active ingredients with low

solubility, and offers a potential therapy for wound healing.

1 | Introduction

Several Lavandula species are important medicinal and aromatic
plants with wide applications in several industries, such as
perfumery, food, cosmetics, and medicine [1, 2]. Lavandula
angustifolia Mill. (commonly known as lavender) is widely
investigated for its biological and clinical activities [3, 4]. The
aerial parts of the plant are a source of flavonoids, phenolic acids,
and triterpenoids [5], known for their antioxidant, antimicrobial,
anti-inflammatory, and neuroprotective properties [6]. Lavender
extract and essential oil are classified as GRAS by the US Food
& Drug Administration and can be consumed in oral dosage
or topical forms without any significant adverse reports in the
literature [1, 3]. The growing demand for medicinal plant-derived
metabolites, together with the broader pursuit of sustainable
development, has stimulated research into new delivery systems
of natural products in the biomedical and pharmaceutical fields.

Topical formulations of lavender extracts, including creams,
ointments, gels, and balms, are commonly used for skin ailments
due to their ease of use and direct delivery to the treatment site
[7]. For example, creams and gels offer a cooling effect and rapid
relief, whereas ointments and balms form a protective barrier that
shields the wound and supports healing. Although effective, these
dosage forms have limitations such as limited control of drug
release, poor adherence, and inconsistent moisture retention [8].
Recent research has therefore explored nano-based strategies for
wound-healing applications [9, 10]. Among these systems, elec-
trospun nanofibers can maintain a moist environment, ensure
adequate oxygen and water permeability, protect wounds from
bacterial invasion, and enable controlled release of therapeutic
agents [11]. Lavender extract is a suitable functional ingredient
for incorporation into nanofibers due to its biocompatibility,
low immunogenicity, and antimicrobial and anti-inflammatory
properties [10].
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Electrospinning, a technique based on electrohydrodynamic
processes, enables the fabrication of nanostructured fiber mats
that mimic the natural extracellular matrix architecture [12].
This technique avoids harsh processing conditions such as
high temperature or pressure, thereby preserving thermolabile
bioactives like phenolic compounds [13]. Electrospun nanofibers
(ENs) can function as encapsulating carriers and as controlled-
release platforms. For example, ENs loaded with Matricaria
chamomilla L. extract have been prepared using polycaprolac-
tone, carboxyethyl chitosan, and poly(vinyl alcohol) [14]. These
formulations exhibited antioxidant and antibacterial properties
alongside sustained release, making them promising candidates
for wound dressing applications. Similarly, polyvinylpyrrolidone
(PVP)-based electrospun mats loaded with Isatis tinctoria L.
root extract demonstrated strong antibacterial activity and nearly
complete wound closure after 11 days in experimental models [15].

Research on ENs has advanced along two main directions:
(1) technological improvements (coaxial [16], side-by-side [17],
and triaxial [18] electrospinning) and (2) functionalization of
nanofibers through incorporation of active ingredients. This
study follows the latter approach by incorporating L. angustifolia
extract into PVP nanofibers, combining rapid dissolution with the
bioactivity of the phenolic-rich crude extract [19-22].

PVP is a non-toxic, hydrophilic, and biocompatible polymer
widely used in wound healing applications due to its muco-
adhesive properties and ability to enhance the dissolution of
poorly water-soluble drugs through solid dispersion formulations
[23]. Its effectiveness as a drug carrier is well documented in
electrospun systems designed for rapid release [24, 25]. PVP has
been successfully combined with a range of bioactive agents—
including curcumin, equisetin, propolis, aloe vera, and green tea
extract—demonstrating its versatility in supporting hemostasis,
antimicrobial activity, and antioxidant preservation [26, 27].
These properties make PVP a suitable matrix for developing
lavender extract-loaded nanofibers intended for wound care.

The primary objective of this study was to develop fast-dissolving
electrospun nanofibers containing lavender extract as a potential
topical wound dressing. The rationale lies in the need for
dressings that rapidly deliver bioactive compounds upon contact
with wound exudate. The approach involves electrospinning PVP
solutions loaded with lavender extract, followed by physicochem-
ical characterization and assessment of disintegration time and
dissolution behavior. To the best of our knowledge, crude laven-
der extract has not previously been incorporated into electrospun
PVP nanofibers, making this work the first attempt to exploit
its phenolic-rich profile for rapid-release woundcare and healing
applications.

2 | Material and Methods

2.1 | Extraction and Processing of Lavender Plant
Materials

Lavandula angustifolia Mill. was harvested during the mass
flowering stage in 2021 at Ksaverivka village, Vinnytsia region,
Ukraine. The plant material, including leaves, flowers, and
inflorescence stems, was air-dried and ground prior to analysis.

Approximately 200-300 g of the ground plant material was
extracted using water (500 mL) at 40°C; this process was repeated
three times. A rotary evaporator was subsequently used to
concentrate and filter the water extract solution (operating under
decreased pressure and at a temperature below 50°C). After being
dried to leave a solid residue, the extract was kept at —20°C in a
tightly sealed glass container until it was used for formulation.
The resulting crude extract, a brown powder with a pleasant floral
scent, was stored at room temperature and used in this study.
Polyvinylpyrrolidone (average Mw = 360 000 Da, CAS No0.9003-
39-8) was sourced from Sigma-Aldrich (UK). All other chemicals
were of analytical grade and used as provided.

2.2 | Electropsinning

Anhydrous ethanol was selected as the spinning solvent since it
is an excellent solvent for both lavender extract and PVP. The
base solution was prepared by dissolving lavender extract in
ethanol at three concentrations of 1%, 2%, and 3.33% w/v. PVP
was dissolved in this base solution or pure ethanol to prepare
four formulations: a blank PVP control (FO, 0% extract), and
lavender-extract-loaded fibers containing 9.09% (F1), 16.67% (F2),
and 24.98% w/w (F3) lavender extract, with detailed compositions
summarized in Table 1. All solutions were magnetically stirred
overnight at room temperature to ensure complete dissolution
before electrospinning.

The spinning solution was loaded into a 1 mL plastic syringe
(Terumo, UK) fitted with a 21G metal spinneret (0.51 mm inner
diameter, Nordson EFD, UK). Electrospinning was performed
using a high-voltage DC power supply (HCP35-35 000, FuG
Elektronik, Germany), with the positive electrode connected
to the spinneret and the grounded electrode attached to an
aluminum foil-covered static metal collector (14.7 X 20 cm).
Through initial optimization studies, the processing parameters
were established as follows: applied voltage of 10 kV, a constant
flow rate of 0.5 mL h™' maintained by a syringe pump (78-9100C,
Cole-Parmer, UK), and a fixed spinneret-to-collector distance
of 15 cm. All electrospinning processes were conducted under
ambient laboratory conditions (temperature 19-23°C, relative
humidity 30%-50%).

2.3 | Chemical Characterization and
Pharmaceutical Performance Tests

23.1 | Optical Microscopy

An Invitrogen AMF4300 EVOS fluorescent microscope (Thermo
Fisher Scientific, USA) was used to examine the morphology of
lavender extract. The sample was placed on a slide, dispersed in
an aliquot of water, and covered with a square coverslip. Images
were captured at 400x magnification using the transmitted light
channel.

2.3.2 | Scanning Electron Microscopy

A bench-top Phenom Pro scanning electron microscope (SEM;
Thermo Fisher Scientific, USA) was utilized to examine the
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TABLE 1 | Compositions of the electrospinning solutions and fibers.

Formulation
Concentration FO F1 F2 F3
Electrospinning solutions (% w/v)
Lavender extract 0 1 2 3.33
PVP 10 10 10 10
Electrospun fibers (% w/w)
Lavender extract 0 9.09 16.67 24.98
PVP 100 90.91 83.33 75.02

morphology of the electrospun fibers. Samples were cut from the
mat, and gold sputter-coated to ensure electrical conductivity.
Images were acquired at an excitation voltage of 5kV. The average
fiber diameter was calculated by measuring 100 points in the SEM
images using the ImageJ software [28] (version 13.0.6, National
Institutes of Health, USA), with the results reported as mean +
standard deviation (SD).

2.3.3 | X-ray Diffraction

A MiniFlex 600 diffractometer (Rigaku, Japan) was used to obtain
X-ray diffraction (XRD) patterns with Cu K« radiation (4 =1.5148
A;40kV,15 mA) over a 20 range of 3-50°, with a step size of 0.010°
and a scan speed of 3.000° min~".

2.3.4 | Thermogravimetric Analysis

A Discovery Series thermogravimetric analyzer (TA Instruments,
USA) was used to analyze the thermal stability of lavender extract,
PVP and fiber samples. Approximately 5 mg of each sample
was placed in TGA 952018.906 aluminum pans (TA Instruments,
USA) and heated from 40°C to 500°C at a rate of 10°C min™!,
with continuous nitrogen purging at a flow rate of 50 mL min~!
throughout the measurement.

2.3.5 | Differential Scanning Calorimetry

A Q2000 calorimeter (TA Instruments, USA) was used to conduct
differential scanning calorimetry (DSC) measurements. Samples
weighing 3-7 mg were accurately measured and sealed in Tzero
aluminium pans with pinholed Tzero lids (TA Instruments, USA).
The samples were then heated from 25°C to 300°C at arate of 10°C
min~!, with continuous nitrogen purging at a flow rate of 50 mL
min~' throughout the measurement.

2.3.6 | Fourier Transform Infrared Spectroscopy

A Spectrum 100 spectrometer (PerkinElmer, USA) was used
to perform Fourier transform infrared (FTIR)—attenuated total
reflectance (ATR) spectroscopy. Samples were introduced to the
infrared beam using an ATR attachment with a sampling plate

fitted with a synthetic diamond crystal. The scanning range was
set from 4000 to 650 cm™, with a resolution of 4 cm™, and data
were collected over 8 scans.

2.3.7 | Disintegration Tests

Fiber samples, approximately 5 mg each, were prepared and
placed in a Petri dish containing 10 mL of pre-warmed phosphate
buffer solution (PBS, pH~7.4) at 37°C. The disintegration process
was recorded using the slow-motion feature on an iPhone
(Apple, USA), positioned to capture the entire Petri dish. Each
fiber sample was gently placed into the PBS, and recording
continued until complete dissolution occurred. 5 mg of lavender
extract was weighed and subjected to disintegration tests under
the same conditions. The disintegration time was measured
using timestamps from the slow-motion footage, starting from
the moment the fiber contacted the PBS until it fully disin-
tegrated, with the results reported as mean + SD from three
measurements.

2.3.8 | Dissolution Tests

A SpectraMax M2e microplate reader (Molecular Devices, USA)
was used to analyse release aliquots. Fiber samples, approxi-
mately 5 mg each, were immersed in 10 mL of PBS at 37.0 + 0.5°C
in a Petri dish. At 30 s intervals over a 5-min period, aliquots
(0.1 mL) were collected from the release media and transferred
to a 96-well transparent plate, with each aliquot replaced by an
equal volume of prewarmed PBS. A calibration curve of known
lavender-extract concentrations was used to quantify the amount
of extract released from the electrospun nanofibers at a 4,,,, of
316 nm. From these values, the cumulative percentage of extract
release was calculated.

3 | Results and Discussion

In this study, a crude water extract was prepared from air-
dried lavender herb (leaves, flowers, and inflorescence stems)
sourced from the Vinnytsia region of Ukraine. The plant mate-
rial was extracted three times in a water bath, followed by
filtration, combination of extracts, and evaporation, yielding a
dry brown powder with a characteristic floral scent. Previous
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studies of lavender crude extract have confirmed a high content
of phenolic compounds, including flavonoids, hydroxycinnamic
acids, and tannins [19, 20]. Consistent with these data, analysis
of our extract by Thin-Layer Chromatography (TLC) revealed
the presence of non-polar constituents such as linalool, linalyl
acetate, and 1,8-cineole (Supplementary Information, Figure S1).
High-performance thin layer chromatography (HPTLC) and High
performance liquid chromatography-pulsed amperometric detec-
tion (HPLC-PAD) further confirmed and quantified key phenolic
compounds, including caffeic, chlorogenic, and rosmarinic acids
(Figure S2, Table S1). The obtained analytical results were used
to verify the chemical profile of the starting material. Given that
the chemical composition of the extract had previously been
established and described [19, 20], the present study focused
on the development, fabrication, and evaluation of the techno-
logical characteristics of electrospun fibers with added lavender
extract.

3.1 | Morphology: Optical Microscopy

Morphological analysis of the lavender extract by optical
microscopy revealed diagnostic features (epidermal cells with
sinuous walls containing prismatic crystals of calcium oxalate)
consistent with L. angustifolia (Figure S3), in agreement with
literature data [29, 30].

3.2 | Morphology: Scanning Electron Microscopy

Electrospinning at 10 kV yielded largely linear, bead-free, fibers.
SEM images of the polymer fibers containing lavender extract
are presented in Figure 1. The fibers are randomly oriented
and cylindrical in shape. F1 produced fibers with similar
diameter and morphology compared to the placebo (F0). In
contrast, F2 shows some curvature and particulate matter, which
could be indicative of extract precipitation. F3 exhibits even
more pronounced particulate presence, along with two dis-
tinct fiber populations that are markedly different in diameter.
This bimodal distribution is likely indicative of jet splitting
[31].

The mean diameters of the fibers (Figure 2) were as follows: 0.70
+0.20 um (F1); 0.77 + 0.16 um (F2); 1.49 + 0.44 um (F3, thick); 0.73
+ 0.16 um (F3, thin); and 0.61 + 0.10 um (F0). Histograms of the
diameter distributions are shown in Figure S4. The data suggest
that as the ratio of polymer to extract decreases, the diameter
of the fibers increases, likely due to a higher amount of solute
being dispensed per unit of time [32, 33]. With a greater amount
of extract present, there is likely to be less effective polymer chain
entanglement, and as a result spinning becomes more difficult,
leading to curvature and the presence of particles in the high
drug-loaded fibers.

3.3 | X-Ray Diffraction

In Figure 3a, XRD patterns of the raw materials reveal both
lavender extract and PVP to be amorphous, as evidenced by the
absence of sharp Bragg reflections in their diffraction patterns.
These data align with the established literature [34, 35]. All the

fibers are also amorphous with no visible Bragg reflections in
their XRD patterns, as shown in Figure 3b. The XRD patterns of
the electrospun fibers displayed only broad humps at around 5°,
11°, and 22°.

3.4 | Thermal Analysis

As illustrated in Figure 4, all fiber samples and pure PVP
underwent complete degradation around 470°C. In contrast, the
lavender extract exhibited a total mass loss of only 55.2% at
500°C, with gradual decomposition initiating near 300°C. Based
on these observations, a temperature range of 25°C-300°C was
selected for subsequent differential scanning calorimetry (DSC)
measurements to avoid thermal decomposition and ensure the
reliability of thermal transition data.

The electrospun fibers showed minimal mass loss at low temper-
atures, mirroring the behavior of PVP (Figure 4b). Both the fibers
and PVP displayed a single main degradation profile featuring
two distinct stages: an initial weight loss of about 10 - 16% up
to 200°C, attributed primarily to moisture evaporation, followed
by major decomposition starting around 280°C. The overall mass
loss reached approximately 98%, leaving a small residual mass of
2-3% at 500°C [36].

In comparison, the lavender extract exhibited a multi-stage
degradation process (Figure 4a). The first stage, between 40°C-
200°C, involved a 15.5% mass loss due to evaporation of absorbed
water. The second stage, from 200°C-425°C, resulted in a 34.7%
mass loss associated with the breakdown of organic constituents.
A final 5.0% mass loss occurred between 425°C-500°C, corre-
sponding to the complete decomposition of residual organic
matter [37]. The remaining residue at 500°C (44.8%) is consistent
with carbonized plant-derived material, as organic components
are converted to carbon and minor ash under such extreme
conditions [38]. Although lavender extract contains volatile com-
pounds, the residue at high temperature consists predominantly
of stable carbonaceous material, indicating full decomposition of
reactive substances.

The DSC thermogram of PVP (Figure 5a) shows a broad
endotherm between 40°C and 150°C. This is consistent with the
desorption of water, and mass loss over this temperature range is
also observed in TGA [39]. There is additionally a baseline shift
visible in DSC at approximately 180°C, indicating the glass tran-
sition (Tg). This value is consistent with the reported literature
values of 170°C-180°C [40]. The DSC trace of the lavender extract
in Figure 5a is complex owing to its multicomponent nature.
There is a broad endotherm from 40°C to 200°C, attributed to the
loss of water and volatile components. There is then an irregular
baseline, which can be ascribed to degradation events. These
findings agree with the mass losses observed in TGA over the
same temperature ranges. Phenolic acids such as those found
in lavender extract typically decompose in the range of 180°C to
300°C [41], while flavonoids usually decompose at slightly higher
temperatures, in the range of 200°C to 350°C [42]. Therefore,
the complex broad endotherm observed for lavender extract in
Figure 5a was not solely due to the loss of water but also results
from the decomposition of polyphenols from lavender water
extract during heating.
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FIGURE 1 | SEM images of the fibers. Scale bar: 20 um.
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FIGURE 2 | Diameter distribution of electrospun PVP/lavender

extract fibers.

The DSC traces of the fibers in Figure 5b are similar to that of PVP.
An endothermic peak is observed in the temperature range of
40°C to ca. 130°C, indicating the evaporation of water. This is sup-
ported by mass loss in TGA experiments. The Tg values measured
for the electrospun fibers (F1: 176.4°C; F2: 174.2°C; F3: 173.0°C)
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correspond closely to that of pure PVP (177.2°C) but progressively
decrease with increasing lavender extract content. This can be
attributed to the lavender extract disrupting the polymer chain
packing and increasing the free volume within the PVP matrix.
The observed Tg reduction follows the expected behavior for
polymer-additive systems, where higher concentrations of low-
molecular-weight components typically enhance chain mobility
and lower the glass transition temperature [34].

3.5 | IR Spectroscopy

IR spectroscopy was used to investigate the potential interactions
between lavender extract and PVP. Spectra are given in Figure 6.
PVP exhibits a broad band centered around ~3430 cm™, cor-
responding to O—H stretching and confirming the presence of
water suggested by DSC and TGA. The peak at ~2950 cm™ is
attributed to C-H stretching, while the sharp peak at ~1650 cm™
is due to the stretching of C=0 groups. These observations align
with the existing literature [43]. Lavender extract demonstrates
a broad O-H stretching band over the range of ~3500-3200 cm™,
which arises both from water and the presence of phenols. A small
peak at ~3000-2800 cm™! is likely because of C—H stretching.
A broad band peak centred at approximately ~1591 cm™' may
be due to C=0 and C=C stretching of carbonyl groups and
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aromatic rings. A strong peak centred at ~1050 cm™ represents
C—O stretching. The spectrum matches the known composition
of lavender extract [44, 45].

The spectra of the fibers look very similar to that of PVP alone.
However, the C=0 bands are at approximately 1648, 1649, and 1651
cm™! for F1, F2, and F3, respectively, shifted to higher wavenum-
bers compared to PVP. This indicates interactions between the
lavender extract components and polymer, likely due to hydrogen
bonding.

3.6 | Disintegration Tests

Video-captured images of the fiber disintegration process
revealed that the F1 system broke down into sub-visual fragments
within 513 + 260 ms (see Figure 7). As the lavender extract
proportion increased, disintegration slowed: F2 required 850
+ 156 ms, and F3 1673 + 269 ms (Figure S5). In stark contrast,
pure lavender extract exhibited a disintegration time of 30 + 9
s (Figure S6), demonstrating that the PVP-based fibers accelerated
disintegration by ~58-fold (F1) to ~18-fold (F3).
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This fast disintegration aligns with previous studies on PVP-based
electrospun systems, where rapid hydration enhances solubility
and immediate bioactive compound release. While such fast
disintegration can be advantageous for initial antimicrobial
action, further formulation tuning may be required to achieve
sustained release for long-term wound healing applications. For
example, it is reported that PVP nanofibers rapidly hydrate in
wound exudate, promoting quick drug release and moisture
retention [46]. Similarly, our results suggest that PVP enhances
the solubility of lavender’s hydrophobic compounds through
molecular dispersion, enabling faster disintegration compared
to the bulk extract. The delayed disintegration of high lavender
extract loaded fibers (F3) is consistent with literature findings,
where increased fiber diameter correlated with reduced drug
release rates [47]. In addition, in the F3 system there is less
PVP present to help carry the extract into solution, and particles
believed to correspond to the extract were visible in SEM images
(Figure 1).

3.7 | Dissolution Tests

The extract release plots are shown in Figure 8. The plots can
be seen to be similar in shape for all three formulations. The
plots show the “spring and parachute” patterns often seen with
amorphous solid dispersions. There is an initial rapid release of
the lavender extract, resulting in ca. 30 - 60% of the cargo being
freed within the first 30s (F1: 59%; F2: 42%; F3: 29%). This is
followed by a reduction in the extract concentration in solution as
some precipitates out, and a plateau at 16 — 44% release (F1: 44%;
F2:24%; F3:16%). This arises owing to initial supersaturation and
the extract concentration being above the equilibrium solubility
value. At the end of the experiment, the extract concentration is
approximately the same with each of F1, F2 and F3, at ca. 0.02
mg/mL.

It was not possible to construct a quantitative dissolution profile
for the crude lavender extract, as it forms a heterogeneous

suspension in PBS rather than a true solution, preventing reliable
spectrophotometric measurement.

During the initial release phase, the fibrous membrane rapidly
disintegrates, leading to the swift release of a substantial amount
of extract molecules. As release progresses, however, a fraction
of the extract, particularly its more hydrophobic components,
interacts with PVP’s carbonyl groups and precipitates out from
solution, ultimately leading to the plateau phase.

Recent studies have demonstrated the potential of rapidly soluble
ENs with plant extracts and natural compounds for wound heal-
ing. For example, electrospun polyvinyl alcohol (PVA) nanofibers
with the addition of Moringa oleifera Lam. leaf extract were
developed [48]. These fibers showed good water solubility and
were effective in promoting chronic wound healing. In another
study, ENs composed of polycaprolactone (PCL) and PVP were
loaded with Punica granatum L. peel extract [49]. The extract
contained phenolic compounds such as rutin and kaempferol and
the resulting nanofibers showed significant antibacterial activity
and provided controlled release of active components. Other EN
consisting of PCL, carboxyethyl chitosan (CECS) and PVA with
Matricaria recutita L. extract demonstrated pronounced antibac-
terial activity, excellent mechanical properties and controlled
release [14]. Fast-dissolving nanofibers with pure natural com-
pounds have also shown rapid release, wound healing properties,
and to have potential biomedical applications [50, 51].

Several studies have reported the creation of fibers containing
essential oils in combination with polymers such as polylactic
acid [52], PVA/PCL [53], polyacrylonitrile [54], and alginate [55].
Lavender essential oil, rich in linalool and linalyl acetate, has
a soothing and antimicrobial effect. In contrast, lavender herb
extract contains a wider range of compounds and has wider
pharmacological applications [3, 6, 56].

Overall, ENs show significant potential in addressing the lim-
itations of traditional topical drug delivery methods and offer
promising solutions to current therapeutic challenges. The find-
ings reported herein underscore the potential of lavender extract
for incorporation into fast-acting bioactive delivery systems.
Further studies could focus on isolating and characterizing
individual bioactive metabolites/compounds of lavender or other
potential plant-derived compounds, as well as tailoring nanofiber
systems for site-specific or controlled release applications in
wound healing and dermatological treatments.

4 | Conclusion

This study successfully developed rapid-dissolving ENs loaded
with lavender extract using PVP as a polymeric matrix. The fibers
exhibited uniform and smooth morphology, with diameters rang-
ing between 0.70-1.49 um. Physicochemical analyses confirmed
the formation of an amorphous solid dispersion stabilized by
hydrogen bonding between PVP and the extract. The resulting
nanofibers disintegrated within 1.5 s and enhanced dissolution
relative to the pure extract.

Our findings validate the core hypothesis that electrospinning
into a fast-dissolving PVP matrix can overcome the dissolution
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FIGURE 8 | In vitro dissolution profiles of F1, F2, and F3, given as
mean + SD.

limitations of lavender water extract. The concept of a “lavender-
loaded amorphous nanofiber patch” represents a novel approach
in phytochemical delivery for potential wound care. Unlike
previously reported sustained-release herbal fiber systems, this
work emphasizes ultra-rapid release, positioning it as a promising
platform for applications requiring immediate bioactive delivery.

Compared to composite wound dressings with robust mechanical
properties [57, 58] or controlled-release systems [59], the current
system prioritizes dissolution speed over structural integrity
or prolonged release. Future work will focus on developing
composite scaffolds that integrate rapid-release fibers within a
mechanically supportive matrix, alongside comprehensive bio-
logical evaluation including antibacterial, antioxidant, and in
vivo wound healing studies.
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