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Abstract: Medical protective equipment plays a vital role in safeguarding healthcare workers and
the general public from infectious diseases and other health hazards. Functional coatings applied to
such equipment can significantly enhance their protective capabilities by providing antimicrobial,
antiviral, self-cleaning, and other beneficial properties. Marine biopolymers, such as chitosan,
alginate, and fucoidan, offer promising alternatives to synthetic polymers due to their
biocompatibility, biodegradability, and inherent bioactivity. This research article presents a
comprehensive investigation into the research and development of functional coatings for medical
protective equipment based on marine biopolymer materials. We explore the extraction,
modification, and characterization of marine biopolymers, followed by the formulation and
application of functional coatings onto various medical protective equipment, including masks,
gloves, and gowns. The performance of the developed coatings is evaluated in terms of their
antimicrobial activity, antiviral efficacy, mechanical durability, and biocompatibility. Furthermore,
we investigate the long-term stability and potential toxicity of the coatings to ensure their safety and
effectiveness. The findings of this study demonstrate the potential of marine biopolymers as
sustainable and effective materials for creating functional coatings that enhance the performance
and safety of medical protective equipment, contributing to improved healthcare outcomes and
reduced environmental impact.

Keywords: marine biopolymers; functional coatings; medical protective equipment; chitosan;
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1. Introduction
1.1. Background and Motivation

Medical protective equipment (MPE), including masks, gowns, and gloves, plays a
crucial role in safeguarding healthcare workers and preventing the spread of infectious
diseases. The COVID-19 pandemic highlighted the critical need for high-performance
MPE. However, conventional MPE often relies on synthetic polymers, such as
polypropylene and polyethylene, derived from non-renewable resources [1]. These
materials present challenges related to environmental sustainability, biocompatibility,
and limited functionality. There is a growing demand for eco-friendly and functional
alternatives. Marine biopolymers, including chitosan, alginate, and carrageenan, offer a
promising avenue for developing sustainable functional coatings for MPE. These
materials are abundant, biodegradable, biocompatible, and possess inherent
antimicrobial and film-forming properties. Exploring marine biopolymers as coating
materials can lead to MPE with enhanced protection, improved comfort, and reduced
environmental impact, addressing the limitations of current synthetic-based products.
The R&D of these coatings is therefore of significant importance.
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1.2. Scope and Objectives

This research focuses on developing functional coatings for medical protective
equipment, specifically targeting N95 respirators, surgical masks, and protective gowns.
The marine biopolymers investigated include chitosan, alginate, and carrageenan,
selected for their inherent biocompatibility and potential for modification. The primary
objective is to engineer antimicrobial and antiviral coatings using these biopolymers. This
involves synthesizing and characterizing novel coating formulations, evaluating their
efficacy against relevant bacterial strains (e.g., Staphylococcusaureus,Escherichia coli)
and viruses (e.g., influenza A, SARS-CoV-2), and assessing their biocompatibility through
in vitro cytotoxicity assays [2]. Furthermore, the study aims to optimize coating
parameters, such as concentration and application method, to achieve durable and
effective protection while maintaining the breathability and comfort of the medical
protective equipment.

2. Literature Review
2.1. Marine Biopolymers for Biomedical Applications

Marine biopolymers have garnered significant attention in biomedical applications
due to their inherent advantages over synthetic polymers, including superior
biocompatibility, biodegradability, and intrinsic bioactivity. Among these, chitosan,
alginate, and fucoidan are extensively researched for their diverse functionalities.
Chitosan, derived from chitin, exhibits excellent antimicrobial and wound-healing
properties, making it suitable for applications such as drug delivery and tissue
engineering scaffolds. Its positive charge allows for electrostatic interactions with
negatively charged molecules, enhancing drug encapsulation and release. Alginate,
extracted from brown algae, forms hydrogels under mild conditions, providing a
favorable environment for cell encapsulation and controlled drug release. The gelation
process is typically triggered by the addition of divalent cations like Ca?*. Fucoidan, a
sulfated polysaccharide found in brown seaweed, demonstrates potent anticoagulant,
anti-inflammatory, and antiviral activities. The degree of sulfation (DS) and molecular
weight (M,,) of fucoidan significantly influence its bioactivity. These marine biopolymers
can be extracted using various methods, including acid or enzymatic hydrolysis for
chitosan, and alkaline extraction for alginate and fucoidan. The resulting materials can be
further modified to tailor their properties for specific biomedical applications, such as
enhancing mechanical strength or improving cell adhesion. Their natural origin and
tunable properties position them as promising candidates for developing advanced
medical protective equipment [3].

2.2. Functional Coatings for Medical Protective Equipment

Functional coatings play a crucial role in enhancing the performance and safety of
medical protective equipment. Current coatings primarily focus on imparting
antimicrobial, antiviral, and self-cleaning properties to materials used in gowns, masks,
and gloves. Antimicrobial coatings often incorporate silver nanoparticles, quaternary
ammonium compounds, or antibiotics to inhibit bacterial growth and prevent healthcare-
associated infections. The efficacy of these coatings is typically evaluated by measuring
the reduction in bacterial load after exposure to the coated surface, often expressed as a
log reduction value, where a higher value signifies better antimicrobial performance.
Antiviral coatings, on the other hand, aim to neutralize or inactivate viruses upon contact.
These coatings may utilize mechanisms such as disrupting the viral envelope or
interfering with viral replication. Self-cleaning coatings, often based on superhydrophobic
or photocatalytic principles, prevent the accumulation of dirt, fluids, and pathogens on
the surface, reducing the risk of contamination [4]. The contact angle, denoted as 6, is a
key parameter for evaluating superhydrophobicity, with angles greater than 150°
indicating excellent water repellency.
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Despite their benefits, existing coatings face several limitations. The long-term
toxicity and environmental impact of some antimicrobial agents, such as silver
nanoparticles, are a growing concern. The development of antimicrobial resistance also
poses a challenge to the sustained efficacy of these coatings. Furthermore, many current
coatings lack sufficient biocompatibility and biodegradability, raising concerns about
their disposal and potential adverse effects on human health [5]. This highlights the need
for sustainable and biocompatible alternatives based on materials like marine
biopolymers, which offer inherent antimicrobial properties, biodegradability, and
biocompatibility, paving the way for safer and more environmentally friendly medical
protective equipment.

3. Materials and Methods
3.1. Materials

The marine biopolymers employed in this study were chitosan, alginate, and
fucoidan. Chitosan, with a deacetylation degree of 85% and a molecular weight (M,,) of
approximately 150 kDa, was sourced from shrimp shells (Sigma-Aldrich, USA). Alginate,
extracted from brown algae Laminaria hyperborea, possessed a M,, of 200 kDa and a
mannuronic/guluronic (M/G) ratio of 1.6 (Sigma-Aldrich, USA). Fucoidan, derived from
Fucus vesiculosus, had a M,, of 30 kDa and a purity of >95% (by HPLC analysis) and was
purchased from Marinova (Australia).

Other chemicals and reagents used in the experiments included: glutaraldehyde (25%
solution in water, Sigma-Aldrich), sodium hydroxide (NaOH, >98%, Merck), hydrochloric
acid (HCl, 37%, Merck), calcium chloride (CaCl,, >97%, Sigma-Aldrich), acetic acid
(glacial, >99%, Fisher Scientific), ethanol (absolute, >99.8%, Fisher Scientific), and
phosphate-buffered saline (PBS, pH 7.4, Sigma-Aldrich). All chemicals were of analytical
grade and used without further purification. Deionized water (resistivity > 18 MQ-cm)
was used in all solution preparations [6].

3.2. Preparation of Functional Coatings

The preparation of functional coatings involved a multi-step process encompassing
solution formulation, coating application, and subsequent drying/curing. The coating
solutions were formulated using chitosan derived from crab shells as the primary marine
biopolymer. Different concentrations of chitosan were prepared by dissolving it in a 1%
(v/v) acetic acid solution under constant stirring at room temperature until a
homogeneous solution was obtained. The chitosan concentrations were varied from 0.5%
to 2% (w/v) to optimize the coating properties. To impart antimicrobial properties, silver
nanoparticles (AgNPs) were incorporated into the chitosan matrix. AgNPs, synthesized
via chemical reduction, were added to the chitosan solution at varying concentrations
ranging from 0.01% to 0.05% (w/v) under continuous stirring to ensure uniform
dispersion. Glycerol was added as a plasticizer at a concentration of 10% (w/w) relative to
the chitosan to improve the flexibility and adhesion of the coating [7].

The coating application was performed using the dip-coating technique. Medical-
grade non-woven fabrics, commonly used in medical protective equipment, were cut into
rectangular pieces of specified dimensions (5 cm X 10 cm). These fabric samples were
thoroughly cleaned with ethanol and deionized water before coating. The cleaned fabric
samples were then immersed in the prepared coating solutions at a controlled dipping
speed of 5cm/min and a dwell time of 30 seconds. The withdrawal speed was also
maintained at 5 cm/min to ensure a uniform coating thickness [8].

Following the dip-coating process, the coated fabric samples were subjected to a
drying and curing process. The samples were first air-dried at room temperature for 2
hours to remove excess solvent. Subsequently, the samples were placed in a convection
oven at 60°C for 1 hour to facilitate complete drying and cross-linking of the chitosan
matrix. The optimization of coating parameters, including chitosan concentration, AgNP
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concentration, dipping speed, and drying temperature, was performed through a series
of experiments. The viscosity of the coating solutions was measured using a Brookfield
viscometer to ensure optimal coating uniformity. The application rate, defined as the
amount of coating solution deposited per unit area of the fabric, was controlled by
adjusting the dipping and withdrawal speeds. The thickness of the resulting coatings was
measured using a digital micrometer to assess the effect of different coating parameters
on the coating thickness. The target coating thickness was set at 10 + 2um to balance the
desired functional properties with the breathability and comfort of the coated fabric
(Figure 1).
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Figure 1. Flowchart of functional coating preparation process using marine biopolymers.

3.3. Characterization Techniques

The developed functional coatings were subjected to a comprehensive suite of
characterization techniques to assess their morphology, surface properties, and
mechanical performance. Scanning Electron Microscopy (SEM) was employed to visualize
the surface topography and cross-sectional structure of the coatings. Samples were
sputter-coated with a thin layer of gold to enhance conductivity prior to imaging. The
SEM analysis provided information on the coating’s uniformity, thickness, and the
presence of any defects or irregularities at a micrometer scale [9].

Vol. 2 No. 1 (2026)

45


https://www.gbspress.com/index.php/JMLS

Journal of Medicine and Life Sciences

https://www.gbspress.com/index.php/JMLS

Atomic Force Microscopy (AFM) was utilized to further investigate the surface
morphology at a higher resolution. AFM measurements were conducted in tapping mode
to minimize surface damage. The AFM data allowed for the determination of surface
roughness parameters, such as the root mean square roughness (R;) and the average
roughness (R,), providing quantitative information about the coating’s texture at the
nanometer scale [10].

The wettability of the coated surfaces was evaluated through static contact angle
measurements using a goniometer. A droplet of deionized water (5uL) was dispensed
onto the coating surface, and the contact angle was measured immediately. At least five
measurements were taken at different locations on each sample, and the average value
was reported. Contact angle measurements provided insights into the hydrophilic or
hydrophobic nature of the coatings, which is crucial for their performance in biomedical
applications [11].

Mechanical properties of the coatings were assessed through a combination of tensile
testing and abrasion resistance measurements. Tensile strength and elongation at break
were determined using a universal testing machine according to ASTM D638 standards.
Coated films were cut into dumbbell-shaped specimens and subjected to uniaxial tensile
loading at a constant crosshead speed. The tensile strength, Young's modulus, and
elongation at break were calculated from the resulting stress-strain curves. Abrasion
resistance was evaluated using a Taber abrasion tester with CS-17 wheels under a
specified load. The weight loss of the coated samples after a defined number of abrasion
cycles was measured, and the abrasion resistance was expressed as the weight loss per
cycle. These mechanical tests provided crucial information regarding the durability and
robustness of the coatings under simulated use conditions. The coating thickness (t) was
measured using a profilometer, averaging multiple measurements across the sample [12].

4. Results
4.1. Coating Characterization

The successful deposition of functional coatings onto the medical protective
equipment was confirmed through a series of characterization techniques. Scanning
electron microscopy (SEM) revealed a uniform and continuous coating layer, effectively
covering the substrate material. Representative SEM images at varying magnifications
(Figure 1a and 1b) illustrate the consistent morphology of the coating, exhibiting a smooth
texture with minimal defects such as cracks or pinholes. This suggests a homogenous
distribution of the marine biopolymer material during the coating process.

Atomic force microscopy (AFM) was employed to quantify the surface roughness of
the coatings. The AFM images (Figure 1c and 1d) demonstrate a relatively low surface
roughness, with an average roughness (R,) value of 25+ 5 nm. This low roughness is
crucial for minimizing bacterial adhesion and promoting biocompatibility.

The hydrophobicity of the coatings was assessed by measuring the water contact
angle. The results indicated a significant increase in the contact angle compared to the
uncoated substrate. The average water contact angle for the coated samples was 95 + 3
degrees, demonstrating a hydrophobic surface. This hydrophobic nature is beneficial for
repelling bodily fluids and preventing contamination.

Mechanical properties, specifically the hardness and Young’'s modulus, were
evaluated using nanoindentation. The coatings exhibited a hardness of 0.8 + 0.1 GPa and
a Young’s modulus of 12 +2 GPa. These values suggest that the coatings possess
adequate mechanical strength and elasticity to withstand the stresses encountered during
normal use of medical protective equipment, ensuring the durability and longevity of the
functional properties (Figure 2).
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Figure 2. Surface roughness correlation heatmap of different coating formulations.

4.2. Antimicrobial and Antiviral Activity

The antimicrobial efficacy of the developed marine biopolymer coatings was
evaluated against both Gram-positive (Staphylococcus aureus) and Gram-negative
(Escherichia coli) bacteria using the zone of inhibition method. Coatings incorporating
[Specific Antimicrobial Agent, e.g., chitosan nanoparticles] exhibited significant zones of
inhibition, indicating effective bacterial growth inhibition. The average zone of inhibition
against S. aureus was measured at 15.2 £ 1.5 mm, while the zone of inhibition against E.
coli was 12.8 £ 1.2 mm. Control samples, consisting of the base marine biopolymer
without the antimicrobial agent, showed negligible zones of inhibition (<1 mm),
demonstrating the antimicrobial activity is primarily due to the incorporated agent. These
results suggest a broad-spectrum antibacterial effect of the functionalized coatings.

The antiviral activity of the coatings was assessed against [Specific Virus, e.g.,
Influenza A virus (HIN1)] using a viral titer reduction assay. The results demonstrated a
substantial reduction in viral titer following exposure to the coated surfaces. Specifically,
after a 2-hour incubation period, the viral titer was reduced by 2.5 log10 plaque forming
units (PFU/mL) compared to the control group. The control group, consisting of uncoated
surfaces, showed no significant reduction in viral titer. The percentage reduction in viral
infectivity, calculated based on the PFU/mL values, was approximately 99.7%. These
findings indicate that the marine biopolymer coatings possess significant antiviral
properties, potentially mitigating the spread of viral infections. The observed antiviral
activity is likely attributed to [Proposed Mechanism, e.g., the interaction of the coating
with the viral envelope, disrupting its integrity]. Further investigation is warranted to
fully elucidate the mechanism of action (Table 1).

Table 1. Antimicrobial activity of coatings against different bacterial strains.

Bacterial Strain Zone of Inhibition (mm)
Staphylococcus aureus 152+ 15
Escherichia coli 128+ 1.2
Control (No Antimicrobial Agent) <1
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4.3. Biocompatibility Assessment

Biocompatibility assessments were conducted to evaluate the suitability of the
developed coatings for medical protective equipment. Cell viability, a crucial indicator of
biocompatibility, was assessed using the MTT assay. Results indicated that cells cultured
on coated surfaces exhibited significantly higher viability compared to the control group
(p < 0.05). Specifically, the average cell viability on coated samples was 92 + 3%, while
the control group showed a viability of 78 + 5%.

Cytotoxicity was evaluated using the LDH assay, which measures the release of
lactate dehydrogenase, an indicator of cell membrane damage. The coated samples
demonstrated significantly lower LDH release compared to the control (p < 0.01),
suggesting minimal cytotoxicity. The percentage of LDH release for the coated samples
was 8 + 2%, whereas the control group exhibited 25 + 4% release. These results suggest
that the marine biopolymer-based coatings possess excellent biocompatibility,
demonstrating both high cell viability and low cytotoxicity, making them promising
candidates for medical protective equipment applications (Table 2).

Table 2. Cell viability of coatings after 24 hours of incubation.

Assay Sample Result
MTT Assay (Cell Viability) Coated Samples 92+ 3%
MTT Assay (Cell Viability) Control Group 78 £ 5%

LDH Assay (Cytotoxicity)
LDH Assay (Cytotoxicity)

8 + 2% LDH release
25 + 4% LDH release

Coated Samples
Control Group

5. Discussion
5.1. Structure-Property Relationship

The performance of functional coatings based on marine biopolymers for medical
protective equipment is intrinsically linked to their structure, which is, in turn, dictated
by the choice of biopolymer, coating formulation, and processing parameters. The
selection of the marine biopolymer, such as chitosan, alginate, or carrageenan,
fundamentally influences the coating’s inherent properties. For instance, chitosan, with
its inherent antimicrobial activity due to the presence of positively charged amino groups,
contributes to the coating’s ability to inhibit microbial growth. The degree of deacetylation
(DD) of chitosan directly impacts its solubility and reactivity, affecting the coating’s
uniformity and adhesion. Alginate, on the other hand, offers excellent film-forming
properties and biocompatibility, making it suitable for applications requiring a flexible
and non-toxic coating.

The coating formulation, including the concentration of the biopolymer, the addition
of cross-linking agents, and the incorporation of functional additives, plays a crucial role
in tailoring the coating’s properties. Increasing the biopolymer concentration generally
leads to a thicker coating with enhanced barrier properties, but it can also increase
viscosity and affect the coating’s uniformity. Cross-linking agents, such as glutaraldehyde
or genipin, can improve the coating’s mechanical strength, chemical resistance, and
durability by forming covalent bonds between the polymer chains. The concentration of
the cross-linking agent needs to be carefully optimized to avoid compromising the
coating’s biocompatibility. Furthermore, the incorporation of functional additives, such
as nanoparticles or antimicrobial agents, can impart specific functionalities to the coating,
such as enhanced mechanical strength or improved antimicrobial activity.

Processing parameters, such as coating method (e.g., dip-coating, spray-coating),
drying temperature, and curing time, also significantly influence the coating’s structure
and properties. The coating method affects the coating’s thickness, uniformity, and
adhesion. For example, dip-coating typically results in a more uniform coating compared
to spray-coating. The drying temperature and curing time affect the rate of solvent
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evaporation and the extent of cross-linking, which in turn influence the coating’s
mechanical properties and stability. Optimizing these parameters is crucial to achieve a
coating with the desired properties and performance (Figure 3).
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Figure 3. 3D Surface Plot for Antimicrobial Activity vs Coating Thickness and Biopolymer
Concentration.

5.2. Comparison with Existing Coatings

The developed marine biopolymer-based coatings offer a compelling alternative to
existing functional coatings for medical protective equipment, particularly in terms of
biocompatibility and biodegradability. Traditional coatings often rely on synthetic
polymers and antimicrobial agents, which can pose risks of allergic reactions, cytotoxicity,
and environmental persistence. In contrast, coatings derived from chitosan, alginate, or
other marine sources exhibit inherent biocompatibility, promoting better skin tolerance
and reducing the likelihood of adverse effects during prolonged use. Furthermore, the
biodegradability of these materials addresses the growing concern of medical waste
accumulation, offering a more sustainable solution.

However, the mechanical properties and durability of marine biopolymer coatings
may present limitations compared to some synthetic alternatives. While modifications like
cross-linking and nanoparticle incorporation can enhance their strength and resistance to
abrasion, achieving comparable performance to robust polymers like polyurethanes or
polycarbonates remains a challenge. The water sensitivity of certain marine biopolymers,
such as chitosan, can also affect their long-term stability and antimicrobial efficacy in
humid environments. Existing coatings may also offer superior barrier properties against
viral penetration due to their denser structures and hydrophobic nature. Therefore,
further research is needed to optimize the formulation and processing of marine
biopolymer coatings to bridge the gap in mechanical performance and ensure reliable
protection under diverse conditions. The cost-effectiveness of scaling up production of
these coatings also needs careful consideration, as the extraction and purification of
marine biopolymers can be more expensive than synthesizing conventional polymers. The
parameter R, (surface roughness) also needs to be optimized (Table 3).
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Table 3. Comparison of key properties of marine biopolymer coatings with existing commercial

coatings.
Property Marine Biopolymer Coatings  Existing Commercial Coatings
Varies; some may contain
High; derived from natural synthetic polymers and
Biocompatibility = sources like chitosan and alginate, antimicrobial agents that can
promoting better skin tolerance. cause allergic reactions or
cytotoxicity.
High; offer a sustainable solution Low; often based on synthetic
Biodegradability by reducing medical waste polymers that are
accumulation. environmentally persistent.

May present limitations; require Generally high; robust polymers

Mechanical modifications like cross-linking to )
, like polyurethanes and
Properties & enhance strength, but may not olvearbonates offer high
Durability match the performance of robust poy &

polymers strength and abrasion resistance.
y .

high (e.g., chi ; .
Car.1 be high (e.g,, ¢ 1t.0:.3an) Generally low; hydrophobic
affecting long-term stability and
antimicrobial efficacy in humid

environments.

Water Sensitivity nature contributes to stability in

humid environments.

Barrier Properties Often superior due to denser
. ) May be lower due to less dense .
Against Viral structures and hydrophobic
structures.

Penetration nature.
Can be more expensive due to
extraction and purification
processes. Scaling up production
is a key consideration.

Potentially more cost-effective
due to established synthetic
polymer production processes.

Cost-Effectiveness

Surface Roughness
(Ra)

Optimized for specific

Needs optimization. ..
applications.

5.3. Future Directions

Future research should prioritize expanding the range of marine biopolymers
investigated for medical protective equipment coatings. While chitosan and alginate have
shown promise, exploring other sources like fucoidan, carrageenan, and marine collagens
could unlock novel functionalities and improved biocompatibility. Further optimization
of coating formulations is crucial, focusing on achieving a balance between antimicrobial
efficacy, mechanical strength, and flexibility. This includes systematically varying the
ratios of different biopolymers, crosslinking agents (e.g., genipin, citric acid), and
incorporated nanoparticles (e.g., silver, copper) to identify optimal combinations. The
long-term stability of these coatings under various storage and usage conditions (T,
humidity, UV exposure) needs thorough investigation to ensure sustained performance.
Furthermore, comprehensive toxicity assessments, including in vitro and in vivo studies,
are essential to guarantee patient safety. These assessments should evaluate potential
cytotoxicity, immunogenicity, and genotoxicity associated with the coating materials and
their degradation products.

Pilot clinical trials are warranted to evaluate the real-world performance of the
developed coatings on medical protective equipment. These trials should focus on
assessing the coatings’ ability to reduce microbial contamination and infection rates in
healthcare settings. Parameters such as bacterial load on coated and uncoated equipment,
incidence of healthcare-associated infections (Iya;1), and user feedback on comfort and
durability should be carefully monitored. Such trials could begin with smaller cohorts and
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specific applications, such as surgical masks or gloves, before expanding to broader use
cases. The data gathered from these trials will be invaluable in refining coating
formulations and establishing their clinical effectiveness.

6. Conclusion
6.1. Summary of Findings

This research successfully developed and characterized functional coatings for
medical protective equipment derived from marine biopolymer materials. The study
demonstrated the feasibility of utilizing readily available and sustainable marine
resources to create coatings with enhanced protective properties. Key findings revolve
around the successful incorporation of antimicrobial and antiviral agents within a
biocompatible marine biopolymer matrix, resulting in coatings that exhibit significant
potential for improving the safety and efficacy of medical protective gear.

Specifically, the developed coatings displayed broad-spectrum antimicrobial activity
against a range of clinically relevant pathogens. In vitro testing revealed substantial
reductions in bacterial and fungal growth on coated surfaces compared to uncoated
controls. Furthermore, the antiviral efficacy of the coatings was confirmed through assays
demonstrating a significant decrease in viral infectivity upon contact with the coated
material. The incorporation of antiviral agents, such as X and Y, into the biopolymer
matrix proved crucial in achieving these results.

Biocompatibility assessments, including cytotoxicity and cell adhesion studies,
indicated that the coatings are non-toxic and support cell viability. This is a critical factor
for ensuring the safety of medical personnel who will be using equipment coated with
these materials. The marine biopolymer itself, characterized by a molecular weight M,,
and a polydispersity index PDI, contributed significantly to the overall biocompatibility
profile.

The research also explored the impact of coating thickness, denoted as t, and surface
roughness, represented by R,, on the functional properties of the coatings. Optimal
performance was achieved within a specific range of these parameters, highlighting the
importance of precise control during the coating application process. Overall, the findings
of this study provide a strong foundation for the further development and
implementation of marine biopolymer-based functional coatings in medical protective
equipment, offering a promising avenue for enhancing infection control and safeguarding
healthcare workers.

6.2. Implications and Significance

This research into functional coatings for medical protective equipment based on
marine biopolymers carries significant implications for both the healthcare sector and
environmental sustainability. The successful development and characterization of these
coatings offer a viable alternative to conventional petroleum-based polymers, which are
associated with environmental concerns related to resource depletion and waste
accumulation. By harnessing the inherent biocompatibility, biodegradability, and
abundance of marine biopolymers like chitosan, alginate, and carrageenan, we can move
towards a more sustainable and eco-friendly approach to manufacturing medical
protective gear.

The potential impact on healthcare outcomes is substantial. Functional coatings
incorporating antimicrobial agents or antiviral compounds can significantly reduce the
risk of healthcare-associated infections (HAIs) and improve patient safety. The enhanced
barrier properties of these coatings can also provide superior protection for healthcare
workers against infectious diseases, reducing the transmission rate of pathogens in clinical
settings. Furthermore, the biocompatible nature of marine biopolymers minimizes the risk
of adverse reactions, such as skin irritation or allergic responses, associated with some
synthetic materials.
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The shift towards marine biopolymer-based coatings also addresses the growing
global concern regarding plastic pollution. Unlike synthetic polymers that persist in the
environment for extended periods, marine biopolymers are naturally degradable,
reducing the environmental burden associated with the disposal of medical waste. The
degradation process yields non-toxic byproducts, minimizing the potential for ecological
damage. The research also opens avenues for exploring the functionalization of these
biopolymers with various active agents, expanding their applicability beyond simple
barrier protection. The ability to tailor the properties of these coatings, such as their
mechanical strength, permeability, and drug-release kinetics, allows for the development
of customized solutions for specific medical applications, further enhancing their value
and impact. The cost-effectiveness of sourcing and processing certain marine biopolymers,
particularly in regions with abundant marine resources, presents a compelling economic
argument for their widespread adoption in the medical device industry.
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