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Abstract

Background: Wound is a condition where there is damage or disruption to the anatomical structure and function
of the skin. Wounds that are not treated properly can lead to infection. As wound dressings, film dressings have
many advantages such as being elastic, flexible, transparent, and can adapt to the wound shape. Film’s
characteristics of are affected by the plasticizer and the polymer. Combination of chitosan and polyvinyl alcohol
(PVA) is able to improve the mechanical properties of the film such as its swelling capacity, tensile strength, and
elongation at break. Objective: This study aims to determine the effects of chitosan and PVA in various
concentrations on the physical characteristics and mechanical properties of the film. Methods: Film was prepared
by solvent casting method, using chitosan and alginate in various concentrations of 0% to 1.5%, 1.5% Aloe vera,
and 6% propylene glycol. Films’ characteristics and mechanical properties were evaluated, such as swelling
index, tensile strength, elongation at break, and Young’s modulus. Results: The result showed that chitosan and
PVA polymers had a significant effect on the swelling index, tensile strength, elongation at break, and Young'’s
modulus. The effect of chitosan and PVA combination on the swelling index, tensile strength, and elongation at
break is due to the hydrogen bonding between the hydroxyl group of PVA and the amine group of chitosan.
Conclusion: The combination of chitosan and polyvinyl alcohol influenced the film's physical and mechanical
properties. Film with chitosan and polyvinyl alcohol ratio of 1.5%:1.5% have best characteristics compared to
others.
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INTRODUCTION

Skin wounds are the loss or damage to part of the
body tissue caused by surgery, a blow, a cut,
temperature changes, chemicals, pressure, or diseases
such as carcinoma (Shankar et al., 2014). Skin wounds
damage the protective function of the skin caused by a
loss in the continuity of the epithelial tissue. This can
occur with or without damage to other tissues such as
muscles, bones, and nerves (Rodrigues et al., 2019).
Wound care may include washing, administering
ointments, and dressing the wounds. Wound washing
often uses normal saline because it adjusts the pH of the
skin and removes the dirt that sticks to the skin layer
(Purnama et al., 2017; Gonzalez et al., 2016).

One wound-healing therapy is wound dressing
(Oliveira et al., 2020). Modern wound dressing
preparations and materials include plasters, film
dressings, hydrogels, hydrocolloids, foams, medical
collagen sponges, and gauze (Olivera et al., 2020; Han
& Ceilley, 2017). The characteristics and properties of
an ideal wound dressing include providing moisture to
the wound area, preventing excess exudate production,
preventing infection, providing low-cost treatment,
providing comfort by relieving pain, using non-toxic
materials, thermal insulation, and not causing pain
(Matica et al., 2019; Tavakoli & Clark., 2020). Film
dressing preparations have emerged as one of the most
attractive topical preparations for effective drug
delivery. They are defined as non-solid dosage forms
that produce a film in situ after application to the skin or
other body parts (Bornare et al., 2018). The advantages
of film preparations include easy application, patient
comfort owing to the non-invasive route of
administration, and cost-effectiveness in formulation
development (Patel et al., 2012). The type of wound
dressing in the form of a film has many advantages: it is
very elastic, flexible, can adapt to the shape of the
wound and the body, and can be made transparent
(Dhivya et al., 2015).

Chitosan is a natural polymer that forms films and
acts as a coating material. This is because chitosan has a
strong ionic bond between the negatively charged
hydroxyl group and positively charged amine group,
which can increase the moisture barrier (Liu et al., 2018;
Arzate-Vazquez et al., 2012; Pratama et al., 2018).
However, the use of pure chitosan films is very difficult
because of their sensitivity to environmental conditions
and poor mechanical properties (Peng & Li, 2014).
Chitosan films also have high water vapor permeability
(Liu et al., 2017). The flexibility of chitosan films can
be improved by combining them with other polymers
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and plasticizers (Naqvi et al., 2021). Mixed polymer
systems can be used to form films that are flexible,
transparent, thin, and have good mechanical strength.

PVA is a hydrophilic synthetic polymer that is
biocompatible, biodegradable, and can dissolve in water
(Chandrakala et al., 2013). The polymer also has good
elongation and surface tension properties (Rafieian et
al., 2021) along with good tensile strength (TS).
Therefore, PVA can be used for film formation (Birck et
al., 2014; Srinivasa et al., 2003). PVA can form strong
films but has several disadvantages such as poor
adhesive properties, low gas diffusion, and low fluid
absorption for wound dressings (Kamoun et al., 2017,
Mok et al., 2020).

Aloe vera has anti-inflammatory, wound healing,
antioxidant, and antimicrobial (Rahman et al., 2017). It
is expected that Aloe vera could increase the activity of
chitosan during wound healing. The use of mixed
polymer combinations, such as chitosan and PVA, could
help improve the flexibility properties of chitosan and
the physical properties of PVA, thereby increasing its
ability to absorb wound exudate.

This study aimed to investigate the effect of two
variables in formulations, chitosan and PVA
concentrations, and to explore the physical
characteristics of new chitosan-PVA-Aloe vera films.
The combination of chitosan and PVA can produce
strong films with improved adhesion that can absorb
wound exudates and maintain product biocompatibility.
The ideal film should be elastic, not easily broken,
suitable for skin pH, and have a high swelling ability.

MATERIALS AND METHODS
Materials

The chitosan polymer 107 cps was obtained from
Biotech. Co.Ltd, Indonesia, Polyvinyl alcohol was
obtained from Merck, Germany, Aloe vera powder was
obtained from PT. Haldin Pacific Semesta, Indonesia,
and propylene glycol were obtained from PT.
Bratachem, Indonesia, and glacial acetate acid were
obtained from Merck KGaA (Germany). All chemicals
were of pharmaceutical grade.
Tools

Oven (MMM Medcenter Einrichtungen GmbH,
Munchen), analytical scales (Ohaus PA-2102 C, USA),
pH meter Trans Instrumen HP9010 PH-ORP-
Temperature Meter (Walklab Series, Singapore),
Desiccator, Digital thickness gauge (Syntex, China),
tensile strength tester (MT, Moisture Analyzer HB43-S
(Mettler Toledo, Switzerland), hotplate (Thermo
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Scientific, USA), and Fourier transform infrared
spectroscopy (Alpha I, Bruker, USA).
Methods
Preparation of chitosan-PVA-Aloe vera films

The films were prepared by the solvent casting
method using combinations of chitosan and PVA, as
shown in Table 1. Aloe vera 1.5% was also added, along
with propylene glycol 6% as a plasticizer. The chitosan
solutions were prepared by dissolving chitosan in 1%
(v/v) aqueous acetic acid, and the solution was stirred
for 2 h with a magnetic stirrer. PVA solutions were
prepared in distilled water at 90 °C under magnetic
stirring at 250 rpm for 2 h, and Aloe vera powder was
dissolved in water. PVA and Aloe vera solutions were
poured into the chitosan solution and mixed with a
magnetic stirrer at 250 rpm for 1 h. Propylene glycol was
added to the mixed solution as a plasticizer. The solution
was sonicated for 15 min to remove air bubbles. After
the mixture was homogenized, the chitosan-PVA-Aloe
vera film was prepared by pouring 5 ml of the solution
into a Petri dish and drying at 40 °C in an oven for 5.5
hours. The film was weighed every hour until a constant
weight was achieved. After drying, the chitosan-PVA-
Aloe vera films were peeled off and stored in a
desiccator until the evaluation tests.

Table 1. Formula Design of the Chitosan-PVA-Aloe

vera Film
Polyvinyl Chitosan (% wiv)
Alcohol (PVA) 0 0.5 1 15
(%wi/v)

0 F1 F5 F9 F13

0.5 F2 F6 F10 F14

1 F3 F7 F11 F15

1.5 F4 F8 F12 F16

Organoleptic observations

The organoleptic evaluation of the film was carried
out visually, including color, odor, elasticity, and
surface texture.
Weight evaluation

The weight evaluation was carried out by taking
three (3) films at random from each formula and
replication for 3 times. Mean values were calculated.
(Ali et al., 2016).
pH evaluation

The pH of the film was measured by immersing the
chitosan-PV A-Aloe vera film in 20 ml distilled water for
1 h and calculating the change in the pH of the system
using a digital pH meter (Walklab Series, Singapore).
Film thickness evaluation

This test was performed using the Digital Thickness
tool (Syntex, China) by measuring ten parts of each film
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area. The film thickness was calculated as the average
of ten individual measurements. The evaluation was
performed in triplicate.

Moisture content (MC)

The films were weighed and stored for 24 h in a
desiccator filled with silica gel. After storage, the film
was weighed to determine the percentage moisture
content using the following equation:

MC = initial weight—final weight %100

initial weight

Swelling index

The film sample (1cm?) was weighed using an
analytical balance, soaked in distilled water for 5, 10,
15, and 20 min, blotted with filter paper, and weighed
accurately. The swelling index of the film was
calculated using the following equation (Hajian et al.,
2017).

Wi- W,

— x100%

Wo

W1 is the weight of the wet film and W, is the initial film
weight.
Mechanical properties

Tensile strength was measured using a tensile tester
(MTS bionix, China). The film was clamped between
the two pull handles and pulled at a crosshead speed of
10 mm/min (Jantrawut et al., 2017). The tensile
strength, elongation at break, and Young’s modulus
were calculated using the following formulas:

Swelling Ratio:

Tensile strength (N/mm?2)
Breaking Force (N)

~ The cross — sectional area of the film (mm?2)

Elongation at break (%)

Increasing in length at breaking point (mm)
= P x 100
initial length (mm)

F/A stress
Young’s modulus = L/ _ stress
Al/lo  strain

Folding endurance

Folding endurance is achieved by folding the film
at the same point repeatedly until the film breaks or is
folded up to 300 times without breaking.
Data analysis

The weight, thickness, pH value, moisture content,
swelling index, tensile strength, elongation at break, and
Young's modulus data were all statically examined
using the two-way analysis of variance (ANOVA)
method with a 95% confidence level (a=0.05) followed
by a Post Hoc test. All experiments were performed in
triplicate.
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Formula Organoleptic Observations
Color Consistency Odor
F1 Transparent not forming a film, easy to break, can't peel off Aloe vera
F2 Transparent not forming a film, easy to break, can't peel off Aloe vera
F3 Transparent not forming a film, easy to break, can't peel off Aloe vera
F4 Transparent not forming a film, easy to break, can't peel off Aloe vera
F5 Yellowish not forming a film, easy to break, can't peel off Aloe vera
F6 Yellowish not forming a film, easy to break, can't peel off Aloe vera
F7 Yellowish a little can be peeled off, easy to break Aloe vera
F8 Yellowish a little can be peeled off, easy to break Aloe vera
F9 Yellowish a little can be peeled off, easy to break Aloe vera
F10 Yellowish Smooth texture, flat surface, and not easy to break Aloe vera
F11 Yellowish Smooth texture, flat surface, and not easy to break Aloe vera
F12 Yellowish Smooth texture, flat surface, and not easy to break Aloe vera
F13 Yellowish Smooth texture, flat surface, and not easy to break Aloe vera
F14 Yellowish Smooth texture, flat surface, and not easy to break Aloe vera
F15 Yellowish Smooth texture, flat surface, and not easy to break Aloe vera
F16 Yellowish Smooth texture, flat surface, and not easy to break Aloe vera

Figure 1. Photograph of chitosan-PV A-Aloe vera film with chitosan concentration 0.5%, 1%, 1.5% and PVA

RESULTS AND DISCUSSION

The chitosan-PVA-Aloe vera film formulation is
presented in Table 1. The results of the chitosan-PVA-

concentration 0.5%, 1%, and 1.5%

Table 3. Selected Formulas of Chitosan-PVA-Aloe

vera Film (% wi/v)

Concentration (%)

Polyvinyl Alcohol (PVA)

Aloe vera film preparation are shown in Table 2 and Formula Chitosan
Figure 1. From the sixteen formulas, six formulas could F10 1
form films with good characteristics, such as easy to F11 1
peel off, not easily broken, and having a smooth texture. F12 1
The selected formulas (Table 3) were used for further Eig 155’
evaluation. F16 1:5
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Organoleptic evaluation

The results of the organoleptic tests of the chitosan-
PVA-Aloe vera films are shown in Table 2 and Figure
1. All formulas had the same odor and color. Chitosan-
PVA-Aloe vera film has an Aloe vera odor with a light-
yellow color. The texture of the chitosan-PVA-Aloe
vera films was smooth and not easy to break.

Weight evaluation

Weight evaluation aims to determine the effect of
varying the concentration of chitosan and PVA. The
results of the weight evaluation of the chitosan-PVA-
Aloe vera films are shown in Table 4. The two-way
ANOVA statistical test for weight evaluation showed a
significant difference between the other formulas (Table
6). The post-hoc Tukey HSD test showed that all
formulas were significantly different (sig. value 0.000 <
0.05). Increasing the concentrations of chitosan and
PVA affected the film weight. With increasing polymer
concentration, the number of solids increased, affecting
the weight of the film.

Thickness evaluation

The thicknesses obtained from the six formulae are
listed in Table 4. The film thickness increased owing to
the increase in chitosan and PVVA concentrations. This is
due to the large amount of water bound during the
formulation process (EI-Maghraby & Mona., 2015). The
thickness of a film affects its flexibility, strength, and
comfort. The acceptable film thickness is 0.05-1 mm
(Karki., et al., 2016). The two-way ANOVA statistical
test revealed a significant difference between the
formulas (Table 6). Based on the post-hoc Tukey HSD
test, all formulas were significantly different (sig. value
0.000 < 0.05). There was an interaction effect between
chitosan and PVVA on the film thickness.

Moisture content (MC)

The moisture content of the film can affect its
mechanical strength, adhesive properties, and
brittleness. The moisture content of the chitosan-PVA-
Aloe vera films is shown in Table 4. The two-way
ANOVA statistical test revealed a significant difference
between the formulas (Table 6). The post hoc Tukey
HSD test revealed that PVA 1.5% was significantly
different (sig. value 0.000 < 0.05) with PVA 0.5% and
1.0%. Chitosan and PVA play a role in increasing the
water content. The moisture content of the films
increased with increasing chitosan concentration. The
hydrophilic nature of chitosan and PVA caused an
increase in the moisture content of the films. However,
the significant effect of chitosan on increasing the water
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content was due to the higher number of amino and
hydroxyl groups than PVA; thus, chitosan can absorb
excess water molecules (Cazon et al., 2019; Chopra et
al., 2022).
pH evaluation

As shown in Table 4, all chitosan-PVA-Aloe vera
films had pH value of 5.24-5.67. Chitosan-PVA-Aloe
vera film is acceptable for the skin because the skin has
a pH of 4-6 (Prakash et al., 2017). pH plays a role in
wound healing. Acidic pH provides an advantage in the
wound healing process, which can increase the
proliferation and migration of fibroblast cells (Jones et
al., 2015). The two-way ANOVA statistical test for pH
(Table 6) revealed a significant difference between the
formulas. Based on the post-hoc Tukey HSD test, all
formulas were significantly different (sig. value 0.000 <
0.05).
Swelling index

According to the observation, the films have good
swelling ability and can maintain good structure (Figure
2). The swelling index values ranged from 272 % to
341 % (Table 4). The two-way ANOVA statistical test
for swelling index showed a significant difference
between the formulas (Table 6). The Tukey’s HSD test
showed that PVA 0.5% was significantly different (sig.
value 0.000 < 0.05) from PVA 1% and 1.5%. Increasing
the concentration of chitosan increased the swelling
index of the film. Otherwise, as the PVA concentration
increased, the film swelling ability decreased. This is
due to the absorption of water in the film owing to the
presence of hydroxyl groups (-OH) from PVA and
amines (-NHy) from chitosan bound to water molecules
through hydrogen bonds and the presence of a porous
network on the film. The swelling index value for
wound dressings is 200-500% (Saarai et al., 2011). The
chitosan-PVA-Aloe vera film compositions met the
swelling index requirements.

Figure 2. Photograph of swelling test on the chitosan-
PVA-Aloe vera films

©2023 Jurnal Farmasi dan limu Kefarmasian Indonesia
Open access article under the CC BY-NC-SA license



Jurnal Farmasi dan Ilmu Kefarmasian Indonesia Vol. 10 No. 2 August 2023

Table 4. Physical Characteristics of the chitosan-PVA-Aloe vera film

156

Formula Weight Thickness MC % pH Swelling Index
Evaluation (g) (mm) %
F10 0.317 £ 0.002 0.131+£0.002 11.122+0.164 5.67+0.06 341.111+8.389
F11 0.328 + 0.007 0.154 £ 0.001 10.946+0.066 5.51+0.02 274.622 + 7,337
F12 0.375 + 0.005 0.209 £ 0.004 10.505+0.273 5.33+0.05 271.569 + 6.560
F14 0.379 + 0.002 0.161+£0.001 12.183+0.099 5.53+0.02 347.271+2.779
F15 0.414 + 0.006 0.189+£0.002 12.016+0.091 5.45+0.05 298.758 +4.411
F16 0.471 + 0.005 0.234+£0.003 9.052+0.289 5.24+0.02 287.607 + 9.255
Table 5. Mechanical Properties of Chitosan-PVA-Aloe vera Film
Formula Tensile Strength  Elongation at Young’s Folding
(N/mm?) Break (%) Modulus Endurance

F10 0.601 +0.019 27.63+1,704 2.144+0.135 > 300x

F11 0.654 + 0.012 56.83+3.512  1.154 +0.090 > 300x

F12 1.307 + 0.065 64.33+1.050 2.032 +0.095 > 300x

F14 0.615+0.013 30.33+3.855 1.850+0.033 > 300x

F15 1.539 + 0.050 43.10+2.910 2.497 +£0.089 > 300x

F16 2.194 + 0.053 43.60+1.803 2.123 +0.084 > 300x

Folding endurance

The folding endurance of the Chitosan-PVA-Aloe
vera filmis shown in Table 5. All formulas can be folded
more than 300 times at the same point. This shows that
the chitosan-PVA-Aloe vera film has good flexibility.
Good film flexibility is > 300 times folded without
breaking (Somepalli et al., 2013). The polymer
concentration affects folding power value (Nishigaki et
al., 2012). The combination of chitosan and polyvinyl
alcohol as a film-forming polymer can provide strength
to the film such that it is not brittle or easily broken. The
interaction between the -OH and -NH: groups of the two
polymers can increase the strength (Nugraheni et al.,
2018).

Tensile strength, elongation at break and young’s
modulus

The tensile strength test aims to determine the
maximum strength that the film can withstand before the
preparation is damaged by being pulled or stretched (Ma
et al., 2021). The tensile strengths of the chitosan-PVA-
Aloe vera films are shown in Table 5 and Figure 3. The
folding endurance and tensile strength are related to the
strength of the film. Plasticizers affect tensile strength
value (Irfan et al., 2016). The two-way ANOVA
statistical test for the tensile strength showed a
significant difference between the formulas (Table 6).
Based on the measurable results of ANOVA followed
by the post-hoc Tukey HSD test, all formulas were
significantly different (sig. value 0.000 < 0.05).

2,4

2,1

1,8

15
1,2

0,9

0,6
0,3

Tensile Strenght (MPa)

F10 F11

Formula

F14 F15 F16

Figure 3. Tensile strength of the chitosan-PVVA-Aloe vera film with different ratio of chitosan and PVA
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Figure 4. Elongation at break of the chitosan-PVA-Aloe vera film with different ratios of chitosan and PVA

F10 F11 F12 F14 F15 F16

Formula

4,5
4
3,5
3
2,5
2
1,5
1
0,5
0

Young's Modulus (MPa)

Figure 5. Young’s modulus of the chitosan-PVVA-Aloe vera film with different ratios of chitosan and PVA

Table 6. Results of the two-way ANOVA statistical test on the combination of chitosan and PVA

Statistical test results

Film’s characteristic Concentration Concentration of Interaction of
of Chitosan Polyvinyl alcohol  the chitosan and
(PVA) PVA
Uniformity of weight 0.0002 0.0002 0.0002
Thickness 0.0002 0.000? 0.0182
pH value 0.0002 0.000? 0.008?
Moisture content (MC) 0.0242 0.0002 0.0002
Swelling degree 0.000? 0.000? 0.115°
Tensile Strength 0.0002 0.0002 0.0002
Elongation 0.0002 0.000? 0.000?
Young’s modulus 0.0002 0.0022 0.0002
P-ISSN: 2406-9388 ©2023 Jurnal Farmasi dan llmu Kefarmasian Indonesia
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The percentage elongation aims to determine the
increase in length from the initial length to the point of
breaking when the sample is pulled. Simultaneously,
elongation-at-break refers to the point where the film
can be stretched when it is torn or damaged. The
elongation-at-break test was used to determine the
flexibility of the film (Karki et al., 2016). The
elongation-at-break value is below 15%, indicating that
the material is easily brittle (EI Hadi et al., 2017).
Calculating of The elongation-at-break obtained using
the six formulas were F10 (27.63%), F11 (56.83%), F12
(64.33), F14 (30.33%), F15 (43.10%), F16 (43.60%)
(Table 5 and Figure 4). In the two-way ANOVA
statistical test, sig = 0.000 < 0.05 means a significant
difference (Table 6). From The post hoc Tukey HSD
test, it was found that PVA 0.5% was significantly
different (sig. value 0.000 < 0.05) from PVA 1% and
1.5%. PVA 1% was not significantly different from
PVA 1.5%. The increase in elongation at break was due
to the molecular interactions between chitosan and PVA
through the formation of hydrogen bonds (Abraham et
al., 2016). The maximum elongation-at-break was in the
film with a combination formulation of chitosan 1% and
PVA 1.5%. The Young's modulus indicates the stiffness
or elasticity of the film. Films that have a high Young's
modulus indicates that the film is not easily brittle
(Karki et al., 2016). The Young’s modulus of the
Chitosan-PVA-Aloe vera film is shown in Table 5 and
Figure 5. Based on the two-way ANOVA statistical test,
the value of sig = 0.000 < 0.05 means a significant
difference (Table 6). Tukey HSD test Young’s modulus
showed that PVA 1% was significantly different (sig.
value 0.000 < 0.05) from PVA 0.5% and 1.5%. PVA
0.5% was not significantly different from PVA 1.5%.

The combination of chitosan and PVA polymers
increased the tensile strength, elongation at break, and
Young’s modulus values. It was noted that increasing
the amounts of chitosan and PVA increased the mean
tensile strength, and increasing the amount of PVA
increased the elongation value. The combination of
chitosan and PVA reflects the effect of the interaction
between the two polymers. This is due to the interaction
between the -OH and -NH; groups on the polymer
(Bahrami et al., 2002; Bonilla et al., 2014). The
positively charged polysaccharide chitosan moved
towards the negative charge of the hydroxyl group of
PVA, which improved the tensile strength and
elongation at break of the plastic film due to the
intermolecular interactions between chitosan and PVA
through hydrogen bond formation (Abraham et al.,
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2016). Thus, it can improve the mechanical properties
of the films. The mechanical properties are affected by
the type and amount of polymer mixes. A concentration
that is too low can result in intermittent film formation
or poor mechanical resistance. In contrast, high
concentrations produce a thick and rigid film on the
skin, which is uncomfortable to use and may delay drug
release (El Fray et al., 2012).

CONCLUSION

Based on this study, the physical characteristic and
mechanical properties of the chitosan-PVA-Aloe vera
films were affected by both polymers: chitosan (1%,
1.5%) and PVA (0.5%, 1%, 1.5%). The increased
concentrations of chitosan and PVA caused an increase
in the mechanical properties. However, there was a
decrease in the swelling index. Based on the results,
films with chitosan 1.5% and PVA 1.5% had the best
characteristics and mechanical properties (swelling
index, tensile strength, and elongation at break)
compared to the other formulations. Therefore, this film
has the potential to be developed as a wound dressing
material.
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