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Abstract. The development of effective and safe wound healing materials is becoming exceedingly important in
veterinary medicine, particularly concerning the treatment of infected wounds and the prevention of secondary infections.
A promising strategy involves the fabrication of polymeric films possessing combined functionalities. The aim of this study
was to evaluate the antimicrobial and sorption properties of polymer films based on a blend of modified starch and polyvinyl
alcohol, containing 10 wt.% xeroform, for their potential application as veterinary dressing materials. The antimicrobial
activity of the films was determined using the agar diffusion method against Escherichia coli, Staphylococcus aureus, Candida
albicans, and Aspergillus niger; sorption characteristics were evaluated based on water uptake kinetics and methylene blue
dye adsorption, measured by photoelectric colorimetry. The investigated films demonstrated pronounced antibacterial
and fungicidal activity against all tested strains of modern wound pathogens, confirming the efficacy of xeroform within
the polymer matrix, exhibiting complete inhibition against Escherichia coli, Staphylococcus aureus, Candida albicans, and
Aspergillus niger. Additionally, the compositions exhibited high liquid absorption capacity, essential for exudate removal
from the wound surface, with water uptake ranging from approximately 180% to over 230% at equilibrium and methylene
blue adsorption exceeding 50% within 60 minutes. The kinetics of water uptake and methylene blue dye adsorption were
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significantly dependent on the starch modification conditions and the modified starch / polyvinyl alcohol blend ratio
in the composition. The obtained results indicate the potential of the developed modified starch / polyvinyl alcohol /
xeroform films as active wound healing coverings with integrated bioactive components (antiseptics) for veterinary use,
possessing antiseptic and high sorption properties that contribute to therapeutic efficacy. The possibility of varying the
starch modification conditions and composition allows for targeted regulation of the material’s functional characteristics

to adapt them to specific clinical needs and animal species

Keywords: polysaccharides; polyvinyl alcohol; bismuth tribromophenate; therapeutic wound dressings; antiseptic;

photoelectric colorimetry; veterinary medicine

Introduction

Infectious complications significantly impede the process
of wound healing, often leading to prolonged recovery and
severe health consequences. The development of effective
antimicrobial wound dressings is therefore a crucial area
of ongoing research in biomedical materials. Many exist-
ing wound coverings do not provide sufficient protection
against infection or require frequent changes, increasing
patient discomfort and the risk of secondary infections.

Contemporary research efforts are directed towards
creating innovative wound dressings that can release an-
timicrobial agents in a sustained manner to improve ther-
apeutic efficacy and reduce dressing frequency. Authors
F.M. Aldakheel et al. (2023) demonstrated the novelty of
using polymer hydrogels containing silver nanoparticles,
which exhibited prolonged antibacterial activity and accel-
erated wound closure in animal studies. However, the broad
applicability and potential toxicity of nanoparticles require
further investigation. Similarly, G.M. Lanno et al. (2020) ex-
plored electrospun nanofiber scaffolds loaded with antibi-
otics, reporting enhanced drug delivery and a significant
reduction in bacterial burden in infected wounds. While
promising, the scalability and long-term stability of such
nanofiber systems in a clinical setting remain challenges.

A well-established antiseptic with pronounced anti-
bacterial and antifungal properties is xeroform (bismuth
tribromophenolate). A crucial aspect for ensuring the
clinical effectiveness of wound healing films incorporat-
ing xeroform is the successful preservation of its inher-
ent antimicrobial properties within the polymer matrix.
]J.N. Grauberger et al. (2024) investigated polymer matrices
for controlled drug release, highlighting the tunability of
material properties to achieve desired release kinetics, a
concept directly relevant to optimising xeroform delivery.
Furthermore, A.A.K. Nizam et al. (2025) suggested that bis-
muth salts, components of xeroform, can inhibit bacterial
B-lactamases, offering a potential strategy to combat an-
tibiotic resistance, a growing concern in wound manage-
ment. The integration of xeroform into a flexible film ma-
trix could offer a more convenient application compared to
its traditional powder form.

The use of polysaccharides, particularly starch, is
gaining prominence as a base for wound healing materi-
als due to its inherent biocompatibility, biodegradability,
affordability, and low toxicity. V. Vivcharenko et al. (2021)
explored modifications of wound dressings with bioactive
agents, highlighting how the enrichment of biomaterials

with compounds like curcumin, essential oils, and vitamins
can enhance their pro-healing properties and accelerate
skin regeneration. Similarly, S. Shulga & O. Shulga (2024)
explored the modification of potato starch with benzoic
acid chlorine hydride, reporting alterations in the starch’s
physicochemical properties that could be relevant for ma-
terial science applications, although their direct applica-
tion in wound dressings requires further study. B.N. Biyim-
ba et al. (2025) further demonstrated that modification of
starch allows for tailoring its physicochemical and func-
tional properties, which is essential for developing effective
wound dressings with specific characteristics. However, na-
tive starch has limitations such as inadequate mechanical
properties and rapid degradation, necessitating chemical
modifications to enhance its suitability for prolonged-ac-
tion wound dressings, as noted by M. Kaur et al. (2012).

Effective management of wound exudate is a funda-
mental requirement for successful wound healing. D. Ales-
sio et al. (2023) highlighted that excessive exudate can hin-
der tissue repair by diluting essential growth factors and
accumulating detrimental proteases within the wound bed.
Furthermore, a moist, protein-rich environment created by
unmanaged exudate provides an ideal breeding ground for
pathogenic microorganisms, increasing the risk of biofilm
formation and subsequent infection. Consequently, the
development of wound dressings with high absorption ca-
pacity is crucial for maintaining a balanced moisture level
conducive to tissue regeneration and for removing these
harmful components. Evaluating the sorption properties of
polymeric materials, such as starch-based films, through
assessments of water uptake and the adsorption of model
substances like methylene blue, therefore provides impor-
tant insights into their potential for managing wound flu-
ids and creating a favourable healing environment, which
is a key factor in preventing complications and promoting
effective tissue repair.

The aim of the present study was to evaluate the in vit-
ro antimicrobial and sorption properties of novel polymer
films composed of modified starch (MS) and polyvinyl al-
cohol (PVA) incorporating xeroform, against key pathogens
commonly associated with wound infections.

Materials and Methods

Modification of potato starch and film preparation
Potato starch (CAS 9005-25-8) was modified using cit-
ric acid (CAS 77-92-9). The modification was performed
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with two different concentrations of citric acid solution
(0.5 mol/L and 1 mol/L). For each concentration, the re-
action was conducted at a constant temperature of 40°C,
varying the reaction time across three durations: 1.5, 2.0,
and 2.5 hours. This approach aligns with previous studies
demonstrating citric acid’s effectiveness in altering starch
properties (Rema et al., 2018). The selection of different re-
action times aimed to investigate the influence of modifi-
cation duration on the final characteristics of the resulting
films (Moréan et al., 2013).

The fabrication of films involved the initial prepara-
tion of 10% (w/v) solutions of modified starch (MS) and
polyvinyl alcohol (PVA 17-99). The selection of this con-
centration was guided by prior studies indicating optimal
film-forming characteristics for both polymers (Lani & Na-
gadi, 2014). Following the preparation of individual solu-
tions, they were blended in proportions necessary to yield
three distinct MS:PVA mass ratios in the resulting films:
25:75,50:50, and 75:25. Film formation from these blended
solutions was achieved via the solution casting method, a
standard and versatile technique widely utilised for pro-
ducing polymer films.

In response to inquiries regarding the criteria for se-
lecting specific film formulations for detailed investigation,
it should be noted that the samples presented in this work
(with the indicated MS/PVA ratios and starch modification
conditions) were chosen based on the results of extensive
preliminary studies (Ishchenko et al., 2023). These initial
investigations encompassed a significantly wider range of
variations in polymer blend ratios and starch modification
parameters (including different acid types, concentra-
tions, and reaction times) than those presented here. Dur-
ing these preliminary stages, numerous film formulations
were fabricated and evaluated for critically important ini-
tial properties such as their ability to form homogeneous,
non-brittle films, preliminary mechanical strength and
flexibility, primary stability in aqueous media, and initial
functional indicators like preliminary water uptake or basic
antimicrobial screening.

The compositions included in this study were selected
as the most promising candidates based on the results of
this comprehensive preliminary screening, demonstrating
the best combination of necessary physico-mechanical
characteristics for potential application as wound dress-
ings and encouraging initial functional performance. Thus,
the selection of these specific samples for detailed evalu-
ation of sorption and antimicrobial properties in the cur-
rent work is justified and targeted, focusing on providing
in-depth characterisation of the materials with the highest
potential for further development as functional veterinary
dressings, informed by the outcomes of preliminary mate-
rial optimisation efforts.

In vitro antimicrobial activity evaluation

To confirm that xeroform retained its antimicrobial activity
within the polymeric film matrix and to evaluate the in vit-
ro antibacterial and antifungal properties of the composite

films, a series of tests were conducted. The agar diffusion
method was employed to assess the diffusion capability and
efficacy of the incorporated active substance. This qualita-
tive technique is a rapid tool for the initial assessment of
microbial sensitivity to antimicrobial compounds or test
substances. The methodological basis of this method relies
on the ability of compounds to diffuse into the agar medi-
um, leading to the inhibition of test strain growth. The rate
of diffusion is determined by the physicochemical prop-
erties of the substance, solvent characteristics, nutrient
medium composition, and pH value. The principle involves
placing the active substance onto an agar medium previ-
ously inoculated with a test culture, followed by evaluat-
ing the zones of inhibited microbial growth that form due
to the diffusion of the compound into the agar (Barillo et
al., 2017). The resulting zones of inhibition allow for estab-
lishing and characterising the antimicrobial activity of the
tested samples, as their formation is a direct consequence
of the diffusion of biologically active substances into the
solidified nutrient medium.

The following test cultures were utilised in the exper-
imental work: Escherichia coli, Staphylococcus aureus, Can-
dida albicans, and Aspergillus niger. Microorganism cultiva-
tion and sensitivity determination were performed under
optimal conditions using Sabouraud agar for fungi and
Meat-peptone agar (MPA) for bacteria. Fifteen millilitres
of the appropriate nutrient medium, previously inoculated
with the respective test culture, were poured into stand-
ardised Petri dishes placed on a horizontal surface. To dry
the surface of the medium after inoculum addition, plates
with semi-open lids were left in a laminar flow hood for no
more than 15 minutes (Wang et al., 2018). Microorganism
cultivation and incubation were carried out in a TC80m-2
thermostat. Candida albicans, Escherichia coli, and Staph-
ylococcus aureus were incubated at 37 °C, while 32 °C was
optimal for Aspergillus niger. Suspension concentrations
for Candida albicans, Escherichia coli, and Staphylococcus
aureus were determined using a Densi-La-Meter-2 neph-
elometer (Erba Lachema s.r.o., Czech Republic); a Goryaev
chamber (hemocytometer) was used for Aspergillus niger.
The final inoculum concentration for all test cultures was
adjusted to 0.5x10°-2.5x10° CFU/mL. After the nutrient
medium solidified, pieces of the developed polymer films
were placed onto its surface. Primary results were evaluat-
ed after 24 hours, and final results after 72 hours of incu-
bation. Criteria for experiment validity included a uniform
microbial lawn of consistent density across the entire Petri
dish surface and the formation of uniformly circular inhi-
bition zones. Results were recorded under reflected light
against a dark matte background. When measuring the di-
ameter of inhibition zones, the zone of complete suppres-
sion of visible growth was considered, and measurements
were taken using a caliper with an accuracy of 1.0 mm.

Evaluation of sorption properties
Sorption properties are of paramount importance for
wound dressing materials, as they directly influence their
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capacity to manage wound exudate — a key factor in pro-
moting a moist healing environment while preventing
maceration of the surrounding skin. Effective absorption
of excess fluid is essential for optimal wound healing. Fur-
thermore, the ability of a material to adsorb various sub-
stances from the wound bed, such as toxins, inflammatory
mediators, proteases, or even bacterial components, can
contribute to wound cleansing, reduction of bacterial load,
and modulation of the inflammatory response, thereby ac-
celerating the healing process.

To assess these critical functional characteristics, the
water uptake kinetics and methylene blue adsorption prop-
erties of the developed films were evaluated. Water uptake
measurements provide insights into the material’s capac-
ity to absorb aqueous fluids, simulating exudate manage-
ment, and inform about its swelling behaviour, which can
impact the material’s mechanical integrity, conformability
to the wound surface, and potential for sustained release
of incorporated substances. Methylene blue adsorption was
investigated as a model to understand the material’s po-
tential for binding and removing cationic species or other
soluble contaminants from the wound environment.

Colorimetric determination of methylene blue concen-
tration and water uptake measurement
The concentration of Methylene Blue (MB) dye was quanti-
fied using a KFK-2 photoelectric colorimeter. Optical densi-
ty (absorbance) measurements were performed at a wave-
length of 670 nm, employing cuvettes with a 10 mm path
length. Distilled water served as the reference blank for all
measurements. A calibration curve was constructed by plot-
ting the measured optical density values against the known
mass concentrations of prepared MB standard solutions.
This established calibration curve was subsequently used to
determine the concentration of MB in experimental samples.
The sorption efficiency of the materials was evaluated
by the degree of absorption of the MS dye, which was cal-
culated by the formula (1):

n= % 100%, 1)

where C, - initial concentration of the test substance; Cf -
final concentration of the test substance after a certain
period of time.

The water uptake kinetics were determined gravimet-
rically. Pre-weighed dry film samples (m) of defined dimen-
sions were immersed in distilled water at ambient tem-
perature. At predetermined time intervals, samples were
carefully removed from the water, surface water was gently
removed by blotting with filter paper, and the swollen sam-
ples were immediately weighed (m ). The percentage of wa-
ter uptake (W) at each time point (t) was calculated using
the following equation:

W=(m-m,)/m, @)

where m — mass of the sample at a certain moment of time
in water, g; m, — mass of the dry sample, g.

Measurements were continued until equilibrium
swelling was achieved, indicated by a negligible change in
weight over subsequent time points.

Results and Discussion

Evaluation of antimicrobial properties

The antimicrobial properties of the developed MS/PVA
films incorporating 10 wt.% xeroform were evaluated using
the agar diffusion method against representative bacteri-
al and fungal pathogens commonly implicated in wound
infections. Evaluation of antibacterial activity against Es-
cherichia coli (Gram-negative) and Staphylococcus aureus
(Gram-positive) bacteria revealed potent and consistent
results across all six tested film formulations. Each com-
position demonstrated maximum bactericidal and bacte-
riostatic effects against both tested bacterial strains. This
high level of uniform antibacterial efficacy indicates that
the incorporated xeroform is effectively active within the
polymer matrix and capable of inhibiting the growth and
viability of key bacterial pathogens.

Similarly, the films exhibited strong fungicidal prop-
erties. Evaluation against Candida albicans (yeast-like fun-
gus) and Aspergillus niger (mold fungus) showed a 100%
antifungal effect for all six tested formulations. This was
evidenced by the complete absence of fungal growth on the
film samples and extending across the agar surface area
influenced by diffusion of the active agent, indicating pro-
nounced inhibition throughout the test environment. In
stark contrast, control dishes without film samples exhib-
ited continuous and robust fungal growth under the same
conditions. Collectively, these findings demonstrated the
broad-spectrum antimicrobial efficacy of the developed
films, confirming their potential to inhibit both bacterial
and fungal pathogens relevant to wound infections.

Evaluation of sorption properties

To evaluate the films’ potential for adsorbing soluble sub-
stances from the wound environment, the adsorption ki-
netics of Methylene Blue (MB), a model cationic dye, were
investigated. To accurately determine the concentration of
Methylene Blue (MB) in the experimental samples during
the adsorption studies, a calibration curve was constructed.
This is a fundamental step in colorimetry, establishing a
reliable relationship between the measured optical density
(absorbance) and the known concentration of the analyte.
A series of standard MB solutions with varying concentra-
tions were prepared by serial dilution (Table 1), and their
optical densities were measured at the predetermined
wavelength of 670 nm.

The resulting data points were plotted to generate the
calibration graph (Fig. 1), which exhibited a strong linear
correlation between optical density and MB concentration.
The equation of this linear relationship, along with the co-
efficient of determination (R,), derived from the calibration
curve, was then used to calculate the residual MB concen-
tration in the supernatant solutions obtained during the
adsorption experiments.
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Table 1. Method of serial dilutions

N2 sample | Volume of 0.0073% solution of methylene blue, ml | Methylene blue concentration, % | Optical density (D) at A=670nm
1 1 0.292 0.012
2 2 0.584 0.019
3 3 0.872 0.034
4 4 1.168 0.041
5 5 1.46 0.048
6 6 1.752 0.060

Source: developed by the authors of this study based on the findings of experimental research
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Figure 1. Calibration graph for determining residual concentration
Source: developed by the authors of this study based on the findings of experimental research

The experiments were conducted by immersing film
samples in MB solution and monitoring the decrease in MB
concentration over time using photoelectric colorimetry
(Permana et al., 2023). The adsorption capacity was expressed
as the percentage of MB absorbed by the film samples rela-
tive to the initial amount in solution. The obtained results,
presented in Table 2 and visually represented in Figure 2,

demonstrated a significant capacity of all tested film compo-
sitions to adsorb Methylene Blue. MB absorption increased
with exposure time for all samples, reaching substantial lev-
els within the 60-minute observation period. Notably, the
maximum adsorption percentage observed among the tested
formulations at 60 minutes exceeded 50%, confirming the
high sorption potential of the developed composite films.

Table 2. Measurement of MB absorption by samples (%) depending on exposure time t (min)

Film composition Type of starch modification Exposure time (min)
15 30 45 60
MS/PVA (25/75) + xeroform 10 w.% Citricacid, 1 mol, 1.5h 34.55 40.91 42.73 43.64
MS/PVA (75/25) + xeroform 10 w.% Citric acid, 1 mol, 2.5h 39.09 45.45 49.09 50.00
MS/PVA (75/25) + xeroform 10 w.% Citric acid, 0.5 mol, 1.5h 40.91 42.73 45.45 49.09
MS/PVA (50/50) + xeroform 10 w.% Lactic acid, 1 mol, 2 h 27.27 33.64 35.45 40.00
MS/PVA (75/25) + xeroform 10 w.% Lactic acid, 1 mol, 2.5 h 30.91 36.36 41.82 41.82
MS/PVA (25/75) + xeroform 10 w.% Lactic acid, 0.5 mol, 2 h 41.82 48.18 5091 5091

Source: developed by the authors of this study based on the findings of experimental research

Absorption (%)

0
Exposure time (min)
< MS/PVA(25/75)+xeroform 10 w. %,® MS/PVA(75/25)+xeroform 10 w. %,

Citric acid, 1 mol, 1.5h
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Citric acid, 0.5 mol, 1.5 h

Lactic acid, 1 mol, 2 h

= MS/PVA(75/25)+xeroform 10 w. %, ~ MS/PVA(25/75)+xeroform 10 w. %,

Lactic acid, 1 mol, 2.5h

Lactic acid, 0.5 mol, 2 h

Figure 2. Methylene blue absorption kinetics of films based on MS/PVA with xeroform
Source: developed by the authors of this study based on the findings of experimental research
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The kinetics and overall capacity of MB adsorption
were found to be influenced by both the ratio of modified
starch (MS) to polyvinyl alcohol (PVA) in the film compo-
sition and the specific conditions of starch modification
(type and concentration of organic acid, reaction time).
For instance, films with an MS/PVA ratio of 25:75 modi-
fied with lactic acid (0.5 mol/L, 2 h) exhibited the highest
adsorption percentage, reaching 50.91% after 60 minutes.
While variations in kinetics were observed across differ-
ent formulations, all samples consistently showed robust
adsorption capabilities.

These high Methylene Blue adsorption values are in-
dicative of the films’ promising potential to absorb and
remove not only wound exudate but also other detrimen-
tal soluble components present in the wound bed, such as
toxins or inflammatory mediators, which are often cati-
onic or polar. The demonstrated high sorption capacity,
particularly for MB as a model contaminant, reinforces
the functional utility of these materials for active wound
management and highlights the synergistic role of the

polymeric matrix in complementing the antiseptic action
of xeroform by contributing to wound cleansing. The abil-
ity to tailor the sorption performance through variations
in polymer ratio and starch modification conditions allows
for optimising the material’s properties for specific clinical
applications and the management of different types and
volumes of wound exudate.

Water uptake kinetics: Influence of polymer composi-
tion and modification on swelling dynamics

Effective management of wound exudate is a fundamen-
tal requirement for modern wound dressings. High liquid
absorption capacity is essential to remove excess fluid
from the wound bed, prevent maceration of periwound
skin, and provide a moist environment conducive to heal-
ing. To evaluate the potential of the developed films for
this critical function, their water uptake kinetics were
investigated using a gravimetric method (Kas’yanenko et
al., 2018). The results of the water uptake kinetics studies
are presented in Figure 3.
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Figure 3. Kinetics of water absorption of films based on MS/PVA with xeroform
Source: developed by the authors of this study based on the findings of experimental research

The data revealed a rapid initial absorption of water by
all film samples within the first 15 minutes of immersion,
followed by a slowing rate of uptake as they approached
equilibrium swelling within the 120-minute timeframe.
Notably, all developed film compositions demonstrated
very high-water uptake capacities, with swelling per-
centages ranging from approximately 180% to over 230%
at near-equilibrium conditions. These values signifi-
cantly underscore the materials’ potential for effective
exudate management.

The kinetics and maximum water uptake capacity were
found to be highly dependent on the specific formulation,
influenced by both the MS/PVA ratio and the type and con-
ditions of starch modification. Films with a higher propor-
tion of modified starch (MS/PVA 75:25), particularly those
modified with citric acid (0.5 mol/L, 1.5 h and 1 mol/L,
1.5 h), exhibited the highest water uptake, reaching peak

swelling percentages exceeding 220%. Conversely, formu-
lations with a higher PVA content or modified with lactic
acid generally showed lower, albeit still substantial, water
absorption capacities.

The observed high water uptake capacity is a crucial
attribute for wound dressing materials, indicating their
ability to efficiently absorb large volumes of wound ex-
udate. This rapid initial uptake and high equilibrium
swelling are desirable characteristics for maintaining a
dry wound surface while preserving a moist healing en-
vironment underneath the dressing. Furthermore, the
variations in swelling kinetics and capacity depending on
the composition allow for tailoring the material’s perfor-
mance to suit different types of wounds with varying lev-
els of exudation. These findings affirm the potential of the
developed MS/PVA/xeroform films as effective materials
for exudate management in veterinary wound care.
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Thus, the developed film matrix not only provides con-
venient and controlled delivery of xeroform to the wound,
but also allows for the full realisation of its antimicrobi-
al potential, creating a reliable barrier against infectious
complications and promoting effective regeneration of
damaged tissues. The use of a composite material with xer-
oform opens up prospects for its alternative application,
making its use more convenient, effective and aimed at
achieving optimal wound healing effect with minimising
the risk of secondary infection.

The evaluation of the developed MS/PVA/xeroform
films revealed functional properties that compare favoura-
bly with other materials documented in the literature. The
observed water uptake capacity, which ranged from approx-
imately 180% to over 230% across different formulations,
demonstrated a significant ability to absorb wound exu-
date. This swelling capacity was notably higher than typi-
cally reported for unmodified or acid-modified starch films
alone, as indicated by the findings of M. Kaur et al. (2012)
and A.I. Martins et al. (2018). Furthermore, the water up-
take of the current films was comparable to or exceeded the
values observed for numerous experimental polymer-based
wound dressings, including other starch/PVA compos-
ites specifically designed for wound care, as reported by
A. Delavari & I. Stiharu (2022) and A. Delavari et al. (2022).
This high absorbency is crucial for effective fluid manage-
ment in exuding wounds, potentially preventing macer-
ation and promoting a favourable healing environment.

In addition to their fluid handling capabilities, the
films exhibited a substantial adsorption capacity for Meth-
ylene Blue, exceeding 50% within 60 minutes. This sug-
gested a potential for removing soluble contaminants from
the wound bed, which can impede the healing process.
While benchmark adsorbents might demonstrate higher
capacities, the adsorption performance of the developed
MS/PVA/xeroform films was substantial and comparable
to values reported for some other polymeric wound dress-
ing materials evaluated using MB as a model contaminant
(Delavari & Stiharu, 2022). This dual functionality, com-
bining exudate absorption and contaminant removal, pre-
sents a significant advantage for wound management.

The incorporation of xeroform (Bismuth tribromophe-
nolate) into the polymer matrix provided a potent antimi-
crobial component. D. Alessio-Bilowus et al. (2025) rec-
ognised xeroform as an antiseptic and anti-inflammatory
agent widely employed for the prevention and treatment
of wound infections. K.L. Johnson et al. (2023) highlighted
its monocomponent nature and its antiseptic, astringent,
and drying properties. The broad-spectrum antimicrobial
activity of xeroform has been established against a wide
range of bacteria such as Escherichia coli, Pseudomonas
aeruginosa, Bacillus subtilis, Staphylococcus aureus, Staph-
ylococcus epidermidis, Staphylococcus haemolyticus, Strep-
tococcus viridans, Enterococcus faecalis, and Salmonella
typhimurium, as well as certain fungi such as Candida albi-
cans, as D. Chattopadhyay et al. (2016) previously reported.
S. Bose et al. (2023) suggest that the protective albuminate

film formed by this process on the damaged surface may
alleviate pain by covering nerve endings and inhibit path-
ogenic microflora by disrupting their metabolic processes.

In the present study, the developed films demonstrat-
ed complete (100%) antibacterial activity against Escheri-
chia coli and Staphylococcus aureus, and complete fungicidal
action against Candida albicans and Aspergillus niger across
all tested formulations. This high level of broad-spectrum
efficacy is a critical advantage for preventing and treating
wound infections, particularly in the context of polymicro-
bial contamination, which is common in both human and
veterinary wounds. When compared to the antimicrobial
spectrum and activity reported for Xeroform gauze, which
typically exhibited inhibition zones of specific diameters
against these pathogens (Barillo et al., 2017), the observed
complete inhibition within the tested area suggested a po-
tent and effective delivery of the antimicrobial agent inte-
grated into the polymer matrix, achieving comprehensive
microbial suppression. Comparable antimicrobial effects
against Escherichia coli and Staphylococcus aureus were
also reported for certain micromycete strains by I. Rubezh-
niak (2020), confirming the relevance of broad-spectrum
agents across diverse biological systems.

The synergistic action of the polymer matrix’s inherent
sorption function and the incorporated xeroform’s antisep-
tic action in the developed MS/PVA composite films offers
a dual therapeutic benefit. This combination of efficient
wound disinfection coupled with the simultaneous absorp-
tion and removal of potentially harmful exudate and solu-
ble contaminants is particularly advantageous and relevant
in veterinary practice. As noted earlier, constraints on the
frequency and timeliness of dressing changes are common
in veterinary settings. In such scenarios, the material’s abil-
ity to maintain an optimal healing environment for an ex-
tended duration by concurrently controlling infection and
managing exudate becomes paramount, placing increased
performance demands on the dressing material. The an-
tiseptic and astringent effects of xeroform are primarily
attributed to its ability to form stable complexes with pro-
teins found in microbial cells and tissue exudate, leading to
their coagulation, as suggested by A.I. Martins et al. (2018).

While the modified starch and PVA base of the films
contributed to the desirable sorption properties, M. Kaur et
al. (2012) previously noted that native starch exhibits cer-
tain limitations, including insufficient mechanical strength
and susceptibility to rapid degradation and retrogradation,
which restrict its direct application in film form for wound
care. The modification of starch and its combination with
PVA in the current study likely addressed some of these lim-
itations, resulting in a more robust and functional material.

Collectively, the results of this study demonstrated that
the developed MS/PVA/xeroform films possessed a com-
pelling combination of high-water uptake and significant
contaminant adsorption for effective exudate and wound
management, coupled with complete, broad-spectrum anti-
microbial efficacy against key wound pathogens. This multi-
functionality positions them as highly promising candidates
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for active wound dressing applications, particularly in veter-
inary medicine where the need for effective, long-lasting
wound care solutions is significant. The observed water up-
take kinetics, characterised by rapid initial absorption fol-
lowed by high equilibrium swelling, further supported the
potential of these films for managing wound exudate effec-
tively. The dependence of both water uptake and methyl-
ene blue adsorption kinetics on the specific starch modifi-
cation conditions and the MS/PVA blend ratio indicated the
potential for tailoring the material’s sorption properties to
meet specific clinical requirements.

Conclusions

This study successfully investigated the potential of novel
polymeric films fabricated from a blend of modified starch
(MS) and polyvinyl alcohol (PVA), incorporating 10 wt.%
xeroform, as active wound dressing materials for veter-
inary applications. The developed films demonstrated
significant antimicrobial efficacy, exhibiting pronounced
antibacterial activity against both Gram-negative (Es-
cherichia coli) and Gram-positive (Staphylococcus aureus)
bacteria, as well as complete fungicidal action against the
yeast-like fungus (Candida albicans) and the mold fungus
(Aspergillus niger). These results unequivocally confirm
the effective integration and broad-spectrum antiseptic
activity of xeroform within the polymer matrix, which is
critical for inhibiting microbial proliferation and prevent-
ing secondary infections in wounds.

Furthermore, the composite films exhibited very high

adsorption capacity, exceeding 50% within 60 minutes of
exposure, indicative of their potential to adsorb soluble
contaminants from the wound bed. The kinetics of both
water uptake and methylene blue adsorption were shown
to be dependent on the specific starch modification condi-
tions and the MS/PVA blend ratio, indicating the potential
for tailoring the material’s sorption properties.

In summary, the combination of demonstrated antimi-
crobial activity and these high sorption capacities positions
the developed MS/PVA/xeroform films as highly promising
candidates for innovative wound coverings in veterinary
medicine. Their ability to simultaneously combat infection
and effectively manage exudate addresses key challenges in
wound care. The findings suggest that variable processing
parameters and composition can be leveraged to tune the
functional characteristics of the dressings for optimal perfor-
mance across diverse clinical scenarios and animal species.

Future research will focus on a comprehensive eval-
uation of the developed films’ performance properties,
including detailed characterisation of the kinetics and
mechanism of xeroform release to ensure a sustained ther-
apeutic effect, expanded in vitro evaluation of antimicro-
bial activity against a broader spectrum of clinical isolates
and resistance profiles, rigorous in vivo assessment of their
wound healing efficacy and biocompatibility, and further
optimisation of their physico-mechanical properties to fa-
cilitate practical and effective clinical implementation.
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AHoOTAUA. Po3po6Kka ebekTUBHIX Ta 6e3eUHIX paHO3arolBaJbHIX MaTepianiB HabyBa€ HaJ3BUYATHOT BASKIMBOCTI
y BeTepuHapHiil MeIMIMHi, 0COGIMBO IIOAO JAiKyBaHHS iHGIKOBAaHMX paH Ta 3amobiraHHs BTOPUMHHUM iH@eKIisM.
[TepcrieKTUBHA CTpaTeTisl rmependayae BUTOTOBJIEHHS MOJMiMEPHUX IUTIBOK, 1[0 MalOTh KOMOiHOBaHI (PYHKIIiOHAJIbHI
MOSK/IMBOCTi. MeTO0 1IbOTO JOCTiIKEHHS 6Y/I0 OLiHUTY aHTUMIKPOOHI Ta cOpOIIiiiHi BIACTUMBOCTI MOTiMEPHUX TITIiBOK
Ha OCHOBI cymimri MmoaMdikoBaHOTO KPOXMaJIo Ta IMOJiBiHIIOBOTO CrMpTY, 10 MicTsiTh 10 Mac. % kcepodopmy, AJjist
iXHBOTO MOTEHIII/fHOTO 3aCTOCYBAHHS SIK BeTepMHAPHUX IepeB’sI3yBaIbHMUX MaTepialiB. AHTUMIKPOOHY aKTUMBHICTh
IiBOK BM3HAvYaiu Metomom audysii B arapoBomy cepemoBuini npotu Escherichia coli, Staphylococcus aureus,
Candida albicans ta Aspergillus niger; copO11iiiHi XapaKTepUCTUKM OI[iHIOBAJIM HA OCHOBi KiHETMKM BOJOIIOTJIMHAHHS
Ta azcopbuii 6apBHMKA METUIEHOBOI'O CUMHBOTO, BUMIPSHUX (OTOETeKTPOKOIOPUMETPUYHO. TOoCIiIkeHi TU1iBKU
MPOIEMOHCTPYBaAM BUpaskeHy aHTHOaKTepiaabHy Ta QYHTIMOHY aKTUMBHICTH MPOTHU BCiX MPOTECTOBAHMX IITAMIB
Cy4aCHMX PAaHOBMX IMATOTeHiB, MiATBepAKyI0UM eGeKTUBHICTh KcepodopMy B MeXKax MoJiMepHOi MaTpuili, 30Kpema,
TOBHEe MpUrHiueHHs pocty Escherichia coli, Staphylococcus aureus, Candida albicans ta Aspergillus niger. Kpim Toro,
KOMIIO3UIii BUSBUIM BUCOKY PiZMHOIOIIMHAIOUY 3aTHICTh, HEOOXiIHY JJIsT BULATEeHHS eKCyIaTy 3 TIOBepXHi paHu, 3
BOJIOTIOIJIMHAHHSM Y piBHOBaKHOMY CTaHi Big mpm6insHo 180 % no monaz 230 % Ta agcopOiiiero MeTMIEHOBOTO CMHbBOTO,
mo nepesuinyBasia 50 % mnporarom 60 xBuianH. KiHeTnka BOZOTOIIMHAHHS Ta afcopbIlii 6apBHMKA METUIEHOBOTO
CMHBOT0 3HAUHOIO MipOI0 3aieskana Big yMoB Mogudikallii kpoxmaJsiio Ta criBBigHOIIeHHSI MOAM(})IKOBaHOTO KPOXMAJTIO
i moniBiHinOoBOrO CcrMpTy B KOoMmo3uiiii. OTpuMaHi pe3ynbTaTu CBigyaTh MPO MOTEHLiaJ Po3pobieHMX IIiBOK Ha
ocHOBi MoaudikoBaHOTO KPOXMasiio, MOJiBiHIIOBOTO CHMPTY Ta Kcepodopmy SIK aKTMBHUX PaHO3arorBaIbHUX
MOKPUTTIB 3 iHTErpPOBaHMMM 6i0aKTMBHMMM KOMIIOHEHTaMM (AHTUCENTUKAMM) AJisI BETePUMHAPHOTO 3aCTOCYBaHHSI,
110 MAIOTh aHTUCEINITUYHI Ta BUCOKi COPOILIifiHI BIACTUBOCTI, SIKi CIPUSIIOTh TepareBTUYHit eeKTUBHOCTI. MOXKIMUBICTD
BapitoBaHHs yMOB Mopaudikalii KpoxMasio Ta CKIaAy HO3BOJSE IieCHpsiMOBAHO peryaoBaT (YHKIiOHaIbHI
XapaKTepPUCTUKM MaTepiany IJisg agarnTanii ix mo crenmudiuHuX KIiHIYHUX MOTpeb Ta BUAIB TBAapUH

KrnrouoBi crioBd: nosicaxapuay; NOMiBIiHIIOBMI ClIUPT; BicMyTy TpMGPOMOGEHOIST; JIiKyBaJbHi PaHOBI TOB’SI3KM;
AHTUCENTHUK; (POTOETeKTPOKONIOPUMETDIsl; BeTepUHAPHA MeIULIMHA
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