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ABSTRACT
Objective: To develop and characterize chitosan-based films enriched with rose essential oil as a natural, bioactive wound dressing.

Methods: Films were prepared using chitosan as the matrix polymer with rose essential oil incorporated at 0.5%, 1%, and 2% (w/w)
concentrations. Physicochemical properties, antioxidant capacity, and antimicrobial activity were evaluated to assess their potential for wound
healing applications.

Results: The films exhibited uniform thickness (0.15-0.22 mm) and weight (0.28-0.38 g) with skin-compatible pH (5.8-6.2). Swelling capacity was
decreased within creasing roseoil concentration (0.5%: ~250%, 1%: ~188%, 2%: ~120%), indicating controlled fluid uptake. Antioxidant activity
rose in a concentration-dependent manner (0.5%: 35% #2, 1%: 48% %3, 2%: 62% +4 DPPH inhibition). Antimicrobial tests showed increased
inhibition zones versus control for S. aureus (12-18 mm vs 8 mm), E. coli (10-16 mm vs 7 mm), and C. albicans (8-14 mm vs 6 mm). These findings
support enhanced bioactivity with higher rose oil loading.

Conclusion: Chitosan films enriched with rose essential oil demonstrated favorable physicochemical, antioxidant, and antimicrobial properties,

supporting their potential as effective natural wound dressings and bioactive delivery systems.
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INTRODUCTION

Wound healing is a complex, multistage biological process involving
hemostasis, inflammation, proliferation, and remodeling, all of which
work together to restore tissue integrity after injury. This biological
process can be disrupted by several factors, including microbial
infection, systemic conditions such as diabetes and vascular
disorders and excessive oxidative stress [1, 2]. Among these factors,
infection remains one of the most problematic complications
because it intensifies local inflammation that contributes to
extensive tissue damage, prolongs recovery time, and increases
treatment costs [3]. As a result, the development of advanced wound
dressings has focused on preventing both primary and secondary
infections while simultaneously supporting optimal healing.

An ideal wound dressing should, therefore, provide effective
antimicrobial protection, maintain moist environment that promotes
natural tissue repair, and avoid damaging surrounding healthy
tissue. Natural bioactive compounds, in particular essential oils,
have gained significant attention due to their therapeutic potential,
anti-inflammatory and antioxidant properties, and lower toxicity
compared with many synthetic agents [4-6].

Rose essential oil, derived from Rosa damascena Mill. (Damask rose),
is one such essential oil, extensively investigated for its medicinal
applications. It is obtained through steam distillation of rose petals,
yielding an aromatic oil rich in monoterpenes, sesquiterpenes, and
phenolic constituents [7]. These bioactive molecules contribute to a
range of wound-relevant activities. Rose oil has demonstrated
potent anti-inflammatory effects through modulation of cytokines
such as IL-6 and TNF-a, along with broad-spectrum antimicrobial
activity against bacteria, fungi, and viruses [8].

Despite these promising properties, the direct clinical use of rose oil
is limited by its volatility, poor water solubility, and instability, all of
which reduce the effective bioavailability of its active components.
Advanced delivery systems including films, gels, and nanoemulsions,
have been developed to overcome these challenges by enhancing
stability and enabling controlled release. Films are particularly

advantageous because they maintain a moist wound environment,
support cell migration, reduce scar formation, and act as a protective
barrier against contaminants, while ensuring gentle contact with the
wound surface [9].

Based on these considerations, this study aims to evaluate roseoil-
incorporated chitosan films as a novel wound care approach by
examining their physicochemical characteristics, antimicrobial
activity against common wound pathogens (Staphylococcus aureus
and Escherichia coli), and antioxidant capacity to counteract
oxidative stress, a major factor contributing to delayed wound
healing.

MATERIALS AND METHODS
Chemicalas and reagents

Chitosan (medium molecular weight, degree of deacetylation 275%)
was obtained from Sigma-Aldrich (St. Louis, MO, USA). Glacial acetic
acid (analytical grade) and glycerol were purchased from Merck
(Darmstadt, Germany). Rose essential oil was obtained from a
certified commercial supplier (Biosef) and stored in airtight amber
vials at 4 °C until use.

2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical and methanol
(HPLC/analytical grade) used for antioxidant analysis were
purchased from Sigma-Aldrich (USA). Phosphate-buffered saline
(PBS, pH 7.4) was prepared using PBS tablets supplied by Oxoid
(UK) and distilled water.

Mueller-Hinton agar and Sabouraud dextrose agar were obtained
from Oxoid (UK). All reagents were of analytical grade and used
without further purification.

Preparation of rose oil films

Chitosan-based films were produced using the solvent casting
method. Chitosan (1.5% w/v) was dissolved in 1% (v/v) acetic acid
under continuous stirring at room temperature for 24 h, followed by
filtration to remove any undissolved residues. Glycerol (1% w/v)
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was then added as a plasticizer, and the mixture was stirred for an
additional 30 min to ensure uniform distribution.

Rose essential oil was incorporated into the chitosan-glycerol
solution at three concentrations (0.5%, 1.0%, and 2.0% w/w relative
to the chitosan mass). The oil was emulsified using probeul
trasonication (200 W nominal power, 40% amplitude, pulsed 5 s
on/5 s off for a total of 10 min). The beaker containing the 50 ml
mixture (in a 100 ml vessel) was kept in an ice bath to maintain the
temperature below 30 °C and prevent thermal degradation of the
oil’s bioactive compounds [10].

The resulting emulsions were poured into leveled petri dishes and
left to dry at room temperature for 48 h. After drying, the films were
carefully peeled off and stored in a desiccator at room temperature
until further testing. A control film consisting of chitosan and
glycerol without rose oil was prepared under identical conditions for
comparative analysis.

Physical characterization of films thickness measurement

Film thickness was determined using a digital micrometer (+0.01
mm). Measurements were taken at five random points per film, and
the mean value was reported to ensure uniformity of film formation
[11].

PH measurement

The pH of the films was measured to evaluate compatibility with
skin. A 1 cm? sample was immersed in 10 ml of distilled water for 1
h, and the pH of the solution was measured using a calibrated pH
meter. Maintaining a skin-compatible pH is crucial to avoid irritation
and support optimal wound healing [12].

Weight uniformity

Five circular film specimens (2 cm in diameter) were individually
weighed using an analytical balance, and the mean weight was
calculated. This procedure verified the uniformity of film fabrication
and ensured reproducibility of the films’ physical characteristics [13].

Swelling test

The swelling behavior of the wound films was evaluated by
assessing their capacity to absorb wound exudates and maintain a
moist environment, a key factor in wound healing. Film samples (2 x
2 cm) were weighed before and after immersion in phosphate-
buffered saline (PBS, pH 7.4) at 37 °C to simulate physiological
conditions. The procedure was repeated at predetermined time
intervals over one hour. After each interval, the films were removed,
gently blotted with filter paper to remove excess surface fluid, and
reweighed. The swelling ratio (DS) was calculated using the
following equation:

DS = [(Ww — Wd)/Wd] x 100

where Ww represents the wet weight of the film and Wd denotes its
dry weight [14].
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Antioxidant activity (DPPH ASSAY)

The antioxidant activity of the films was evaluated using the 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay. Ten
milligrams of each film were dissolved in 10 ml of methanol to
obtain a stock solution (1 mg/ml). One milliliter of this solution was
mixed with 1 ml of 0.1 mmol DPPH in methanol and incubated in the
dark for 30 min at room temperature. The absorbance was
measured at 517 nm using a UV-Vis spectrophotometer.

The percentage of radical scavenging activity was calculated
according to the following equation:

The percentage scavenging activity was calculated using the
following formula:

DPPH scavenging activity (%) = AC — AS/AC * 100

where Abs control is the absorbance of the DPPH solution without
sample and Abs sample is the absorbance of the solution with the
film extract.

Antimicrobial activity

The antimicrobial activity of the films was assessed against
Staphylococcus aureus (ATCC 6538), Escherichia coli (ATCC 25922),
and Candida albicans (ATCC 10231) using the agar diffusion method.
Film discs (6 mm diameter) were aseptically placed on Mueller-
Hinton agar (for bacteria) or Saburou dextrose agar (for fungi)
previously inoculated with standardized microbial suspensions.

Bacterial inoculate were adjusted to a 0.5 McFarland standard (~1 x
108 CFU/ml), while fungal inoculum density was standardized to 1-
5x10° CFU/ml following CLSI M44 guidelines. Plates were incubated
at 37 °C for 24 h, and inhibition zone diameters were measured
using a digital caliper. Each assay was performed in triplicate to
ensure reproducibility [15].

Statistical analysis

All experiments were conducted in triplicate (n = 3). Data were
expressed as meantstandard deviation (SD). Statistical comparisons
among groups were performed using one-way analysis of variance
(ANOVA) followed by Tukey’s post hoc test. Differences were
considered statistically significant at p<0.05 [16].

RESULTS AND DISCUSSION
Film preparation and appearance

Chitosan films incorporated with rose essential oil at concentrations
of 0.5%, 1.0%, and 2.0% (w/w) were successfully prepared using
the solvent casting technique. The resulting films were transparent,
flexible, and smooth, exhibiting a faint yellow coloration that became
more intense with increasing oil concentration, indicating successful
incorporation of rose oil into the chitosan matrix (fig. 1). These
visual characteristics are consistent with previous reports on
essential oil-loaded biopolymer films [17].

Fig. 1: Film morphology (A: 0.5 % rose oil, B: 1% Rose oil, C: 2% rose oil)
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Table 1: Physical properties of chitosan films incorporated with rose oil

Property 0.5% Rose oil 1.0% Rose oil 2.0% Rose oil
Thickness (mm) 0.15+0.02 0.18+0.02 0.22+0.03

pH 5.8+0.2 6.0+0.2 6.2+0.2
Weight (g) 0.28+0.05 0.32+0.06 0.38+0.07

Value are mean*SD (n = 3).

Physical propertiesss

The physicochemical parameters of the prepared films are
summarized in table 1.

A gradual increase in both thickness and weight was observed with
higher concentrations of rose oil, likely due to the increased
incorporation of oil droplets within the polymer matrix. This trend
agrees with earlier findings where essential oil inclusion led to
proportional increases in film thickness and mass [18].

All films demonstrated skin-compatible pH values (5.8-6.2), which
closely align with the natural pH of human skin. Maintaining this
slightly acidic pH is advantageous for wound management, as it
minimizes irritation, supports the skin barrier, and inhibits
microbial colonization. The observed uniformity in physical
parameters reflects the reproducibility and consistency of the film
fabrication process [18].

Swelling behavior

The swelling behavior of chitosan-rose oil films is shown in fig. 2.
Swelling ratios after one hour were 250% for 0.5% rose oil, 188%
for 1.0%, and 120% for 2.0%. The reduction in swelling with

increasing oil concentration is attributed to the hydrophobic nature
of rose oil, which limits water absorption within the polymeric
network.

Controlled swelling is critical for wound dressings, as it helps
regulate exudate absorption and maintains a moist environment
without oversaturation. The moderate swelling of the 1% and 2%
formulations suggests suitability for wounds with low to moderate
exudate levels. These results are consistent with other studies on
hydrophobic essential oil-incorporated chitosan films.

Antioxidant activity (DPPH assay)

The antioxidant activity of the films increased proportionally with
rose oil concentration (fig. 3). DPPH radical inhibition was 35+2%
for 0.5%, 48+3% for 1.0%, and 62+4% for 2.0% rose oil.

This concentration-dependent enhancement is attributed to the
phenolic and terpenoid constituents of rose essential oil, known for
their free radical scavenging capacity [20]. By reducing oxidative
stress, these compounds may promote tissue regeneration and
accelerate wound healing. The findings corroborate previous
research demonstrating that essential oil incorporation enhances
the antioxidant potential of chitosan-based biomaterials.

Swellingtest
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Fig. 2: Swelling test for different concentration of rose oil, values are mean (n = 3) [19]
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Fig. 3: DPPH assay for the rose oil, values are mean (n = 3)
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Table 2: Antimicrobial activity of chitosan films with varying rose oil concentrations

Microorganism 0.5% rose oil (mm) 1.0% rose oil (mm) 2.0% rose oil (mm) Control (Chitosan+glycerol) (mm)

S. aureus 12.12+0.05 15.23+0.046 18.45+0.003 8.15+0.005

E. coli 10.23 £0.23 13.43£0.038 16.40£0.031 7.37+0.006

C. albicans 8.00+0.005 11.25+0.09 14.36+0.002 6.45+0.002

Value are mean#SD (n = 3).

Antimicrobial activity REFERENCES

The antimicrobial efficacy of the chitosan-rose oil films against 1. Yeung YF. Complications in vascular and endovascular surgery:

Staphylococcus aureus, Escherichia coli, and Candida albicans is
presented in table 2.

The films exhibited significant antimicrobial activity that increased
with rose oil concentration (p<0.05, ANOVA). The strongest inhibition
zones were observed for S. aureus, suggesting greater susceptibility of
gram-positive bacteria compared to gram-negative strains, which
possess an outer membrane that restricts permeability.

Chitosan itself exerts intrinsic antimicrobial action due to its cationic
amino groups, which interact with negatively charged microbial
membranes, leading to cell leakage and death. The enhanced efficacy
observed in the rose oil-incorporated films reflect a synergistic
effect between chitosan and the bioactive terpenes of rose oil [21].

Furthermore, the antifungal activity against C. albicans highlights the
films’ broad-spectrum potential. This property is particularly
relevant for chronic wounds, where fungal colonization can delay
healing and complicate infection control [22].

Collectively, these findings suggest that rose oil incorporation
enhances both the antioxidant and antimicrobial performance of
chitosan films, rendering them promising candidates for
multifunctional wound dressings.

All in all, the developed films exhibited desirable physicochemical
stability, controlled swelling, skin-compatible pH, and potent
bioactivity. The concentration-dependent enhancement of
antioxidant and antimicrobial properties underscores the
formulation’s potential as a natural, biocompatible alternative to
synthetic dressings. The integration of rose essential oil within the
chitosan matrix represents a synergistic approach that combines
mechanical integrity with sustained therapeutic efficacy.

CONCLUSION

This study successfully developed and characterized chitosan-based
films incorporated with rose essential oil for potential wound-
healing applications. The films exhibited desirable physicochemical
properties, including uniform thickness, controlled swelling
behavior, and skin-compatible pH values. A concentration-
dependent increase in antioxidant and antimicrobial activity was
observed, highlighting the contribution of rose oil’s phenolic and
terpenoid constituents.

These findings demonstrate that rose oil-enriched chitosan films
combine mechanical stability with bioactive functionality, making
them promising candidates for natural, biocompatible wound
dressings. Their dual antioxidant and antimicrobial properties may
contribute to faster healing and infection prevention, addressing key
challenges in chronic wound management.
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