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ABSTRACT

Introduction: Polyvinyl alcohol (PVA), gelatin and sodium chloride (NaCl) (PVA/gelatin/NaCl)-based hydrogel exhib-
its optimal electrical conductivity, making it a promising candidate for wearable healthcare monitoring applications.
However, the lack of adhesive properties limits the practical applications, especially in biomedical applications.
Hence, this study aimed to enhance the adhesive properties of PVA/gelatin/NaCl-based hydrogel by loading tannic
acid (TA), a natural polyphenol widely known for its adhesive properties and biocompatibility. Materials and meth-
ods: PVA/gelatin-based hydrogels were prepared and immersed in 10% and 20% NaCl solution, with a 0% NaCl
hydrogel acting as a positive control. Subsequently, these hydrogels were immersed in 1%, 3% and 5% of TA solu-
tion for 24 h. The adhesive properties of the hydrogels were then evaluated by adhering to gloves-worn fingertips,
onto a chicken’s muscle, liver and bone, and on different materials, such as metal, plastic and rubber. Results: The
results revealed that the PVA/Gel/NaCl, /TA_ exhibited strong adhesion across varying surfaces, such as fingertips,
muscle, polyethylene terephthalate (PET), metal and gloves compared to the samples with other concentrations of
NaCl and TA. Notably, the hydrogel exhibited sufficient adhesion to the biological tissues, which is crucial for health
monitoring devices. Conclusion: The loading of TA enhanced the adhesive properties of the PVA/gelatin/NaCl-based
hydrogel. Therefore, this hydrogel is well-suited for wearable health monitoring devices, where reliable attachment
to both the components and biological tissues is critical.
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INTRODUCTION

In recent years, wearable technology or electronics
has gained notable interest among researchers, owing
to their capability to be implemented in countless
applications, including healthcare for monitoring pulses
(1), rehabilitation involving interactive devices (2), and
in sport to attain crucial physiological data (3). This
benefits both the users, such as patients or athletes and
the therapists, as they monitor their patient’s condition
in real-time, allowing the determination of personalized

treatment to the users (2). Thus, wearable electronics
are receiving great interest regardless of age factor.
According to Grand View Research, the global wearable
technology market was valued at USD 71.91 billion in
2023 and is approximated to extend at a compound
annual growth rate (CAGR) of 14.6% (4). Therefore, the
researchers are continuously enhancing the wearable
electronics' functions, performance, and ease of wear
to meet user demands, as early devices, were rigid in
structure, making them uncomfortable to be worn (5). To
overcome this issue, researchers seek alternatives with
thin, flexible and soft nature electronics that are similar
to the skin structure to maintain comfort at the same
time it is biocompatible (5). When comparing available
materials, polymers are the preferred candidates, as
they allow the integration of sensors or electronics on
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stretchable polymers to achieve flexibility. In particular,
hydrogel, three-dimensional (3D) networks of cross-
linked polymers that are made up of hydrophilic polymers
are widely explored to be integrated with electronics,
owing to their distinct and appealing properties,
offering a multitude of applications in healthcare (6).
These properties include high stretchability, flexibility,
biocompatibility, and adjustable mechanical properties
(7, 8). Besides that, hydrogels have great electrical
conductivity when combined with conductive
materials, which is significant for implementing sensors
in wearable applications (9). Lastly, hydrogels can be
tailored to have characteristics such as self-healing and
adhesiveness, which are crucial for the wearable as they
need to adhere to the skin and be able to withstand
external forces and movements without failure (10).

Typically, the hydrogels are prepared from two distinct
sources, either from naturally existing sources, such
as alginate, hyaluronic acid, gelatin, collagen, and
chitosan or synthetic-based sources including polylactic
acid, polyethylene glycol, and polyvinyl alcohol (PVA)
(11, 12). Both natural and synthetic hydrogels possess
different characteristics that make them suitable for
various applications. For instance, synthetic hydrogels
are known for their increased strength and durability,
making them suitable for load-bearing applications
(13). On the other hand, hydrogels made from natural
sources possess properties such as biodegradability
and biocompatibility, making them appropriate to be
used for wearables and implantable (13). Currently,
hydrogel is commonly prepared using hybrid polymers,
a combination of both natural and synthetic polymers
(14). This is because the fabrication of hydrogels
with hybrid polymers enables the utilisation of the
biocompatibility and bioactivity of the natural polymers
and the ability to tune the mechanical properties,
chemical functionality, and ease of fabrication of
synthetic polymers enables development of hydrogels
with desired properties, application-specific functions,
and improved performance (14). Therefore, in this study,
a hybrid polymeric hydrogel containing PVA and gelatin
will be utilised.

Among various types of biocompatible synthetic
polymers, PVA produced by the hydrolysis of polyvinyl
acetate, is selected due to its non-toxicity property (15).
In addition, the solubility and film-forming properties
make PVA a promising polymer to use as wearables
as it has been explored to develop wound dressings
(16). Moreover, PVA is commonly used because of its
biocompatibility (17). However, the PVA hydrogel’s
insufficient mechanical properties and flexibility restrict
its implementation as a wearable. Hence, to improve
the mechanical properties of the PVA hydrogel, gelatin
is considered to be added into the formulation of
PVA hydrogel (18). Gelatin derived from the collagen
of the animals offers excellent biodegradability,
biocompatibility, and is able to enhance the mechanical

properties of the PVA-based hydrogels (18, 19). Hence,
the PVA/gelatin-based hydrogel provides optimal
biological and mechanical properties that are crucial for
wearable applications. However, the conductivity of the
PVA/gelatin-based hydrogel does not satisfy the criteria
for wearable applications.

To resolve this issue, various methods have been
explored by incorporating conductive materials within
hydrogels. Some of the methods are the addition
of conductive polymers, conductive nanoparticles,
inorganic fillers, and ionic salts (20-24). Among these
methods, the addition of ionic salt, in particular, sodium
chloride (NaCl) is preferred due to its high solubility
in water over a wide temperature range, making it a
versatile and effective choice for various applications
(25). In addition, NaCl is readily available at a low cost
and is safer compared to other commonly used inorganic
metal salts like LiCl, ZnCl2, and FeCl3 (26). Besides
that, studies have demonstrated a significant increase
in the conductivity of hydrogels with the incorporation
of NaCl, with reported values reaching up to 7.26 S/m
(27). On the other hand, NaCl also improves hydrogels’
mechanical properties, such as toughness, resilience,
and stretchability (28-30). Therefore, adding varying
concentrations of NaCl to PVA/gelatin-based hydrogel
can increase the conductivity, aiding in the development
of efficient and functional wearable hydrogels.

Despite the PVA/gelatin/NaCl-based hydrogel exhibiting
optimum electrical conductivity, it possesses one of
crucial shortcomings, which is a lack of adhesive
properties. This limits their implementation for wearable
devices as they tend to detach or fall when subjected
to movement. Hence, the PVA/gelatin/NaCl-based
hydrogels must possess some degree of attachment to the
skin to realize wearable health monitoring applications.
To address this issue, tannic acid (TA), a natural
polyphenol compound that is extracted from plants will
be loaded into the PVA/gelatin/NaCl-based hydrogel.
The TA is preferred in this study due to its excellent
biocompatibility that causes the hydrogel to remain non-
toxic and safe to be used for long term. For instance, in
a study conducted by Cheng et al.(2022), the loading
of TA had no adverse effect on biocompatibility, as the
cell viability remained above 70% (31). In addition, the
loading of TA contributes to strong adhesive properties
of the hydrogel. The adhesion ability is provided by the
presence of the catechol group in TA, which causes the
formation of strong hydrogen bonds and hydrophobic
interaction with the biological tissues. This enhances
the adhesive properties of the hydrogels, ensuring a
firm attachment to the skin regardless of subjecting to
movement or the presence of moisture (32). It is evident
from the study conducted by Yao et al. (2022), in which
the PVA/HACC/TA hydrogel exhibited good adhesion to
porcine skin, with an adhesion strength of 23.3 kPa, and
adhered to human skin without detaching, even resisting
wrist movement (33).
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Apart from that, the TA consists of a large number
of hydroxyl groups, which elevates the number of
hydrogen bonds with the PVA/gelatin/NaCl-based
hydrogel, hence, enhancing the mechanical strength of
the hydrogel (32). For instance, the PVA/TA hydrogel
demonstrated a tensile stress of 0.8 MPa, significantly
higher than that of the PVA-only hydrogel, which
exhibited approximately 0.4 MPa (34). This improvement
is attributed to the phenolic groups in TA, which form
a greater number of hydrogen bonds with PVA (34).
On the other hand, the TA also possess antimicrobial
properties that further improve the capability of hydrogel
by preventing them from microbial contamination and
oxidative degradation, thus, prolonging the longevity of
the hydrogel (35). Therefore, the loading of TA into PVA/
gelatin/NaCl-based hydrogel is anticipated to enhance
the adhesive property of the hydrogel.

In this study, the combined effect of PVA/gelatin/NaCl-
based hydrogel loaded with TA is anticipated to resolve
the lack of adhesive property of the hydrogel. Various
mediums were utilised to evaluate the adhesive property
of the PVA/gelatin/NaCl-based hydrogel loaded with
TA. This is followed by the analysis of the results on
how the different loading of NaCl and TA affects the
adhesive strength of the hydrogel. Lastly, the suitable
TA concentration and PVA/gelatin/NaCl-based hydrogel
were determined.

MATERIALS AND METHODS

In this section, the materials and the methods involved
in preparing the adhesive PVA/gelatin/NaCl-based
hydrogel with different TA concentrations were
discussed. In addition, the various methods utilised to
evaluate the adhesive properties of the samples were
presented.

Materials

In this study, the required chemicals, such as the tannic
acid (ACS reagent), gelatin powder, PVA, NaCl and
deionised water were purchased from Sigma-Aldrich.
Preparation of PVA/gelatin-based Hydrogel with
Varying NaCl Concentrations

A 7% mw/v gelatin solution was prepared by dissolving
the gelatin powder into deionized water. Subsequently,
the solution was heated at 50°C and stirred continuously
for 1 hour until complete dissolution. Meanwhile, 10%
w/v PVAsolution was prepared by dissolving PVA powder
into the deionized water for 1 hour at a temperature of
90°C. Then, the PVA and gelatin solutions were mixed
with a ratio of 1:1 and stirred until a homogenous
solution was obtained. The prepared formulation is
then poured into a petri dish prior to the freeze-thawing
process. The PVA/gelatin was frozen for 22 hours at
-20°C followed by a thawing process for 2 hours at room
temperature and this process was repeated for 3 cycles.
Lastly, the prepared samples were immersed in 10%

and 20% NacCl solution at room temperature and the
samples without the NaCl (0%) were served as positive
control. According to a study conducted by Lei et al.
(2022) moderate NaCl concentrations enhance both
ionic conductivity and gel strength, whereas excessive
levels may lead to protein aggregation and structural
irregularities, ultimately compromising the hydrogel’s
integrity (36). Hence, in this study, 10% and 20% NaCl
were selected to optimize conductivity while preserving
structural integrity.

Preparation of PVA/gelatin/NaCl-based Hydrogel with
Varying TA Concentrations

The prepared PVA/gelatin-based hydrogel with different
salt concentrations (0%, 10% and 20%) were cut into
small pieces of desirable dimension. The samples were
named according to the concentrations of NaCl and
TA. For instance, samples lacking NaCl with 1%, 3%
and 5% TA loading were named PVA/Gel/NaCl /TA ,
PVA/Gel/NaCl /TA,, and PVA/Gel/NaCl /TA,. These
samples serve as the positive control group. Similarly,
the samples loaded with 10% NaCl and 1%, 3% and
5% TA were represented by PVA/Gel/NaCl, /TA,, PVA/
Gel/NaCl, /TA,, and PVA/Gel/NaCl, /TA, whilst, the
samples loaded with 20% NaCl were named as PVA/
Gel/NaCl, /TA,, PVA/Gel/NaCl,/TA,, and PVA/Gel/
NaCl, /TA,. Prior to the immersion in the TA solution,
the thickness of each sample was measured using a
digital vernier calliper. The thickness was measured at
three different positions of the samples and the average
was recorded (37). Subsequently, the samples were
immersed in different concentrations of TA solution,
such as 1%, 3% and 5% for 24 h at room temperature
(31). The samples were removed from the petri dish and
washed repeatedly with deionised water to remove the
residual TA that failed to form stable hydrogen bonds
with the hydrogels (31). Lastly, the thickness of each
sample was measured and the average was recorded.

Adhesive Analysis of Samples with Varying TA
Concentration

The adhesive properties of the TA-loaded samples were
qualitatively evaluated via the digital camera in different
scenarios to evaluate their performance for biomedical
applications (38). The adhesive strength was tested
based on the ability of the samples to attach without
complete detachment to the medium under test. For
this purpose, the samples were tested by attaching
to different mediums, such as the fingertip, onto a
polyethylene terephthalate (PET) sheet, muscle, liver and
bone of the chicken. Finally, the samples’ adherence to
different materials, such as metal, plastic and rubber
(38) were tested. Each sample was gently pressed onto
the target surface and held for approximately 1 minute
to ensure sufficient contact and allow for adhesion. The
test was repeated three times per condition to ensure
consistency and reproducibility. All of these evaluations
were conducted at room temperature (~ 25 °C) under
ambient pressure.
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Ethical Clearance

Ethical exemption for this study has obtained from
Universiti  Teknologi  Malaysia  Research  Ethics
Committee (UTM REC) with the ethical exemption
approval number of UTMREC-2025-E3. The samples
were sourced from commercially available poultry
products intended for human consumption. No live
animal handling or experimentation was conducted.

RESULTS

The adhesive properties of the samples were tested in
various conditions to evaluate the effect of loading of
different concentrations of TA to PVA/Gel/NaCl-based
hydrogels. From Fig.1 it is noteworthy that the colour
of the samples changed from white to brownish as the
concentration of TA increases from 1% to 5%. Among
the samples, the intensity of colour change in PVA/
Gel/NaCl20 is greater, followed by PVA/Gel/NaCl0
and the least intensity of brownish is observed in PVA/
Gel/NaCl10 samples. On the other hand, the samples
immersed in 5% TA exhibit darker colour compared to
the samples immersed in other TA concentrations.

Fig. 1: Samples with 0%, 10% and 20% NaCl loaded with different
concentration of (1%, 3%, and 5%) TA

Besides that, the thickness of the samples was measured
before and after immersing in the TA solution. The
average readings and standard deviation obtained before
and after are presented in Table I. From Table | it can be
seen that the thickness of the samples immersed in 1% TA
is higher compared to the samples immersed in 3% and
5% TA regardless of the NaCl concentration. In addition,
all measurements exhibited very low standard deviation
values (ranging from 0.0055 to 0.0058 mm), indicating
good measurement consistency and minimal variability
across replicates. Subsequently, the adhesive strength
of the samples was tested in distinct conditions. Firstly,
the adherence of the samples was tested by attaching
them to the gloves at the fingertip. Based on that, the
adhesive properties of each sample were analyzed and
summarised in Table Il. According to Table Il, the PVA/

Gel/NaCIOTAT lacks adhesive properties compared
to the PVA/Gel/NaCIOTA3 and PVA/Gel/NaCIOTAS.
Concurrently, the PVA/Gel/NaCIOTA3 exhibited weak
adhesion that requires strong pressed against the
fingertip. It was observed that the edges were detaching,
as shown in Fig.2.

Table I: Average thickness and standard deviation of the
samples before and after immersing in TA solutions

Before After
Samples - average (UL Average e,
(mm) (mm)

PVA/Gel/NaCl /TA, 2.90 318 0.0055
PVA/Gel/NaCl /TA, 0.0058 3.10 0.0057
PVA/Gel/NaCl /TA, 2.30 0.0058
PVA/Gel/NaCl, JTA,  1.94 295 0.0058
PVA/Gel/NaCl, /TA, 0.0057 253 0.0056
PVA/Gel/NaCl, /TA. 131 0.0058
PVA/Gel/NaCl JTA, 2.3 338 0.0057
PVA/Gel/NaCl, /TA, 0.0058 262  0.0058
PVA/Gel/NaCl_ /TA. 190 0.0056

Table II: Interpretation of adhesive capability of the samples
on gloves at finger tip

Tannic Acid Loading

Samples
1% 3 % 5 %
* Weak adhesion
No even after strong .
PVA/Gel/NaCl,  adhesion press Al(iihhetre r\glslgh
property e The edges are sNp
detached

o Weak adhesion

Adhere even after strong Adhere upon
PVA/Gel/NaCl,  with strong press P
placement
press e The edges are
detached
Adhere Strongly
PVA/Gel/NaCl,,  with light Adherer:[z;)[l place jhere upon
press placement

Fig. 2: PVA/Gel/NaCl0 with 3% TA detached at the edge

Meanwhile, the adhesive strength of the samples with
NaCl is greater than the samples without NaCl regardless
of the concentration of TA. For instance, the PVA/Gel/
NaCl, /TA, and PVA/Gel/NaCl, /TA, samples were able
to attach to the fingertip, however, a strong and light
press was required, respectively. Similarly, the PVA/
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Gel/NaCl, /TA, and samples PVA/Gel/NaCl, /TA, were
attached to the fingertip without detaching and strongly
adhered, respectively.

On the other hand, the adhesive properties of the
samples were tested on different biological tissues, such
as on chicken’s muscle, liver and bone. This is done
to evaluate the capability of the samples to adhere to
the biological tissues as it is crucial for biomedical
applications. Based on the testing, it was noteworthy that
the samples with 3% and 5% TA loading were able to
attach to the muscle, regardless of NaCl concentration,
as depicted in Fig.3(a) and presented in Table Ill. Lastly,
the ability of the samples to attach to different materials
including plastic, represented by PET with a thickness
of 0.1 mm, metal and rubber gloves were evaluated
and the resulting adhesive properties were summarised
and depicted in Table IV and Fig. 3(b),(c) and (d),
respectively. It can be concluded that the samples with
5% TA and 20% NaCl can adhere strongly to the PET,
and metal.

Table I1I: Summary of adhesive capability of the samples on
different biological tissue

Biological tissues

Samples
Muscle Bone Liver
PVA/Gel/NaCl /TA,  Not adhere  Not adhere Not adhere
PVA/Gel/NaCl /TA,  Not adhere  Not adhere Not adhere
PVA/Gel/NaCl /JTA, Adhere Not adhere Not adhere
PVA/Gel/NaCl, /TA,  Not adhere  Not adhere Not adhere
PVA/Gel/NaCl, /JTA, Adhere Not adhere Not adhere
PVA/Gel/NaCl, /TA, Adhere Not adhere Not adhere
PVA/Gel/NaCl, /TA,  Not adhere  Not adhere Not adhere
PVA/Gel/NaCl, /TA, Adhere Not adhere Not adhere
PVA/Gel/NaCl, /TA, Adhere Not adhere Not adhere

Table IV: Summary of adhesive capability of the samples on
different materials

Materials

Samples

PET Metal Rubber gloves

Weakly

PVA/Gel/NaCl /TA, Adhere adhere Not adhere
PVA/Gel/NaCl/TA,  Adhere  Adhere ?tfgrf;ep"r‘gi
PVA/Gel/NaCl /TA Strongly Strongly  Adhere with light
5 adhere adhere press
Weakl Adhere with
PVA/Gel/NaCl, /TA,  Adhere ey qtrong press
PVA/Gel/NaCl, /TA,  Adhere Adhere Weak adhesion
Strongly Strongly  Adhere with gen-
PVA/Gel/NaCl, /TA adhere adhere tle press
PVA/Gel/NaCl, /TA, Adhere \;\;ehaeliley Adher;rvgslzh light
PVA/Gel/NaCl,/TA, Adhere Adhere Adhere
Strongl| Strongl
PVA/Gel/NaCl,/TA, adhegrey adhegrey Strongly adhere

(&)

Fig. 3: (@) () PVA/GeI/NaCIW/TA3 and (i) PVA/GeI/NaClw/TA5
adhere to the muscle tissue (b) PVA/Gel/NaCl, /TA; adhere to the
rubber glove (c) PVA/Gel/NaCl, /TA, adhere to the PET (d) PVA/Gel/
NaCl, /TA, adhere to the metal

DISCUSSION

The adhesive strength of the hydrogel is a crucial feature
required for biomedical applications, especially for
wearables. Hence, in this study, the TA was loaded into
the PVA/Gel/NaCl-based hydrogels and the resulted
adhesive properties were tested. Prior to the adhesive
properties evaluation the colour and the thickness of the
hydrogel samples were observed and recorded. Notably,
the colour change in the samples was influenced by the
presence of NaCl and depends on the factors, such as
salting-out effect, and ionic strength. For instance, the
high concentration of NaCl (20%) in the sample causes
the salting-out effect that precipitates out the gelatine,
thus, increasing the interaction between the TA and
gelatin, resulting in intense colour change. Meanwhile,
the absence of NaCl indicates no salting-out effect,
hence, maximizes the interaction between the TA and
gelatin, causing intense colour change but less than the
sample with 20 % NaCl. In samples with 10% NaCl, the
salting-out effect is balanced. Therefore, the gelatin is
precipitated minimally, reducing the interaction between
both TA and gelatin, leading to the least colour change.
Besides that, the samples with 20% NaCl have high
ionic strength which enhances the interactions between
TA and gelatin, contributing to darker colour. Similarly,
the absence of NaCl creates stronger interaction leading
to intense colour change (39). However, the moderate
ionic strength of 10% NaCl samples has sufficient
ionic strength for shielding the charges on the gelatin
to reduce the interaction’s extent. Thus, a more stable
hydrogel structure with the least colour change was

Mal J Med Health Sci 21(SUPP11): 117-125, Nov 2025 121



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

obtained (39).

On the other hand, the samples immersed in 5% TA
exhibit darker colour due to the availability of a higher
number of TA molecules that can interact with the
hydroxyl groups in PVA and the amino groups in gelatin.
As a result, there will be intense interaction including
hydrogen bonding and hydrophobic interaction
between the TA and hydrogel structure (40, 41). The
increase in the interaction will saturate the hydrogels,
maximizing the binding, thus, greater the colour
change. Lastly, the high concentration of TA contributes
to increased crosslinking between the TA and hydrogel
(42). Therefore, alters the hydrogel’s optical properties
significantly and leads to a darker colour. Furthermore,
aggregation on the surface of samples with 10% NaCl
were observed regardless of TA concentration. This is
due to the synergic effect of the ionic environment and
introduction of TA, which causing precipitation of TA,
resulting in aggregation (39).

Next, the thickness of the samples was reduced as the
TA concentration increased. This is because of the
presence of lower TA molecules in 1% TA to crosslink
with the hydrogel. Therefore, the hydrogel can absorb
more water, enabling it to have greater swelling capacity
than other samples. Conversely, at 3% and 5% TA,
more crosslinking will be occurred, thus, reducing the
swelling ability of the hydrogel. Moreover, the fewer
the TA molecules in 1% TA, the lower the binding
between the TA and the hydrogels. Hence, there will
be more free sites for water absorption that contribute
to greater swelling ability. Meanwhile, the hydrogels
immersed in 3% and 5% TA bind extensively, reducing
the free sites for water absorption, and resulting in a
reduction in swelling ability. Finally, the hydrophobic
interactions between the TA and hydrogel are less in 1%
TA compared to 3% and 5% TA. Thus, the hydrogel can
absorb more water from the TA solution.

Subsequently, the PVA/Gel/NaCIOTAT samples have
very weak adhesive properties, which are not adequate
to adhere to the fingertip, owing to the lower number
of TA molecules in 1% TA, which is not sufficient to
be crosslinked with the samples, leading to minimal
hydrogen bonding. Meanwhile, the weak adhesion of
PVA/Gel/NaCIOTA3 is contributed by the moderate
crosslinking and hydrogen bonding, which slightly
enhances the mechanical strength of the PVA/
Gel/NaCIOTA3 hydrogels. However, the degree of
crosslinking and hydrogen bonding are not optimal
for forming strong adhesion. For PVA/Gel/NaCIOTA5
samples, a light press is required upon adhesion though
a high number of TA molecules were present to provide
greater adhesive strength.

In addition, the differences in the force required to
adhere the samples were due to the distinct ionic
strength, where the 20% NaCl significantly increases

the interactions between the TA and samples, resulting
in some degree of adhesive strength that is greater than
the samples with 10% NaCl. Meanwhile, the synergic
effect of increment in the number of TA molecules and
ionic strength that contribute to strong adhesion of PVA/
Gel/NaCl, /TA, and samples PVA/Gel/NaCl, /TA, to
the fingertip. Therefore, it can be concluded that PVA/
Gel-based hydrogel with 20% NaCl and 5% TA loading
significantly improves the adhesive strength.

For the evaluation with biological tissues, the sufficient
adhesive property enables the samples to adhere to the
muscle tissue. However, the samples failed to attach to
the liver and bone, owing to the insufficient adhesive
property (43). Lastly, the ability to adhere to PET, metal
and rubber gloves owing to the high and moderate surface
energy of these materials, respectively. Concurrently,
the difference in the adhesion of the samples on gloves
was discussed earlier.

CONCLUSION

In this paper, the PVA/Gel-based hydrogels with 0%,
10% and 20% of NaCl were loaded with 1%, 3% and
5% TA by immersing the samples for 24 h. The adhesive
strength of these samples was evaluated under varying
conditions including attaching the samples to gloves-
worn fingertip, onto a chicken’s muscle, liver and bone,
and on different materials, such as metal, plastic and
rubber. After the immersion in 24 h, it was observed
that the PVA/Gel/NaCl0 and PVA/Gel/NaCl20 samples
with 5% TA exhibited darker brownish colour than the
samples with 1% and 3% TA. In addition, the samples
with 10% NaCl exhibited less colour change regardless
of TA concentrations. Besides that, the PVA/Gel/NaCl, /
TA, exhibited strong adhesion to the fingertip, muscle,
PET sheet, metal and gloves compared to the other
samples. From the findings, it is concluded that the
PVA/Gel/NaCl, /TA_ hydrogel is appropriate to be used
for wearable biomedical applications, as the synergic
effect of NaCl and TA contributes to conductive and
adhesivable hydrogels, thus, paving the pathway for
the wearable health monitoring technologies, where
both the properties are crucial. To further advance
this research, future studies should focus on assessing
the hydrogel’s adhesion under dynamic movements,
varying temperatures, and moist environments to better
mimic real-world biomedical applications. Lastly, this
study provided a qualitative evaluation of adhesion,
future work should include quantitative assessments,
such as peel strength and lap shear tests to deliver more
comprehensive insights into adhesive behavior.
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