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Effectiveness of Polyvinyl Alcohol Nanofiber Composites as
Anti-Bacterial Materials in Wound Dressing
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and | Yuliani

Department of Physics, Universitas Negeri Surabaya, Indonesia
*E-mail: diahkusumawati@unesa.ac.id

Abstract. Closing the wound using a wound dressing can speed up the wound healing
process. The ideal wound dressing has the characteristics of being able to maintain the
humidity of the environment around the wound and prevent the entry of
microorganisms. In addition, wound dressings also do not cause a residual effect on the
skin when removed, which can cause an irritating effect on the skin. This effect can be
minimized by using a very fine fibrous wound dressing, in this case using a very small
fiber (nanofiber). Materials that meet the criteria for wound dressings include polyvinyl
alcohol (PVVA). PVA composite nanofibers can be fabricated using the Electrospinning
method. The nanofiber composites used include PVA/PVP/Chitosan, PVA/ZnO,
PVA/Gelatin and PVA/Chitosan. Where the composite material has the ability to
absorb, and the fiber diameter is in the range of 130-230 nm. Based on the anti-bacterial
characterization, PVA composite effectively blocks the entry of microorganisms for
approximately 3 - 4 hours, with efficiency ranging from 47.6% - 95.7%. The lowest
efficiency was found in PVA/Gelatin composites and the highest in PVA/ZnO.

1. Introduction

Nanotechnology products that are currently being developed include nanofibers which have
applications in various fields [1]. Nanofibers can be fabricated using the Electrospinning method, where
this method is very easy to do with the results of relatively small diameter nanofibers on the nanoscale.
Applications of nanofibers in biophysics (medical physics) include the use of nanofibers in accelerating
the wound healing process on the outer surface of the human body [2].

One of the efforts in the wound healing process is the use of wound dressings which are expected to
function to close the wound and accelerate the wound healing process. The ideal wound dressing must
be able to maintain the humidity of the environment around the wound, absorb exudate and prevent the
entry of microorganisms along with gas exchange that allows the skin in the wound area to obtain
oxygen, thereby accelerating the wound drying process. The wound dressing must also be non-toxic,
non-allergenic and antimicrobial to speed up the wound healing process. One of the weaknesses of
current gauze dressings is the relatively large pressure when used and requires a pull when released,
and this has the potential to leave a residue from the gauze, which can form granulomas and cause skin
irritation. To overcome this, it is necessary to use finer gauze fibers by applying nanotechnology in
making nanofibers for wound dressings using the Electrospinning method. The materials used in this
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case are Polyvinyl Alcohol (PVA), chitosan, gelatin and ZnO. PVA is non-toxic, biodegradable and has
good biocompatibility and mechanical properties. Meanwhile, chitosan, gelatin and ZnO have anti-
bacterial, anti-fungal, analgesic, non-toxicity, biodegradable and biocompatibility characteristics and
have the ability to effectively deliver extrinsic antimicrobial compounds to the infected wound area.

Electrospinning is one of the fastest-growing polymer-based nanofiber fabrication methods.
Electrospinning is an "electric spinning"” technique that produces nanometer-sized fibers, by utilizing
the electrostatic force due to the potential difference between the sample and the substrate (drum
collector). Electrospinning can produce fibers with diameters ranging from nanometers to micrometers
[1] and has a high surface area [2]. The resulting nanofibers can be applied as tissue engineering [3],
drug delivery in anticancer [4], cosmetics [5], and as wound dressings [6-8]. This nanofiber membrane
structure has good wound fluid absorption ability, vapor transmission rate, and drug or addictive transfer
rate [2]. The polymer material used must have good chemical, mechanical, temperature stability,
biocompatibility, electrical conductivity, and electrical activity [9]. PVA is a water-soluble polymer
and has excellent chemical resistance, biocompatibility, physical properties, biodegradability, and non-
toxic [3].

PVA is a water-soluble polymer and has excellent chemical resistance, biocompatibility, physical
properties, biodegradability, and non-toxic [3]. However, PVA has a tendency to decrease in viscosity
with increasing temperature [10]. Polyvinyl alcohol is a non-toxic transparent synthetic polymer with
high biocompatibility and biodegradability. It is also soluble in water, highly polar, and forms many
positive interactions through the hydroxyl group [11]. This polymer is non-toxic and, when in contact
with the skin, does not cause damage. Therefore it is used as a consideration in wound dressing
applications and is easily mixed with various materials [12]. PVP is an amorphous synthetic polymer
with a high affinity for water and good adhesion [13]. It is easily soluble in water, physiologically
compatible, non-toxic, chemically inert, temperature resistant, pH stable, biodegradable and colorless
polymer [2]. This PVVP material can be applied in the biomedical field as a new wound dressing material
that provides and maintains a moist environment to prevent scab formation and dehydration of the
wound bed [14]. Chitosan is an ingredient that can promote wound healing, exhibits anti-bacterial
activity and good absorption, as well as being able to produce fibers that have a porous structure and
high surface area [15]. Chitosan is one of the biomaterials that can be made using the electrospinning
method.

Chitosan is a polycationic polysaccharide which has the characteristics of high biodegradability and
biocompatibility [13]. Chitosan also has advantages such as antimicrobials to prevent and treat wound
infections [14]. Gelatin is biocompatible, non-cytotoxic, and biodegradable when used for clinical
applications [16]. In addition, gelatin can increase adhesion, contributing to faster wound healing [17].
ZnO to further stabilize the polyvinyl alcohol (PVA) polymer solution [18]. Nano-sized ZnO particles
have stronger antimicrobial activity when compared to larger particles due to their large surface-volume
ratio, which allows better interaction with bacteria [19]. The application of ZnO nanoparticles as an
anti-bacterial agent depends on the process control properties such as particle size, size distribution,
shape, surface area, and dispersion [20]. The characteristics of PVA and its composite forming
materials, (PVP, Chitosan, Gelatin and ZnO), meet the criteria as a material for making wound
dressings. So, a material that is good and in accordance with the standard of the wound covering material
will be obtained. The purpose of this research is to synthesize PVA/Chitosan, PVA/PVP/Chitosan,
PVA/Gelatin and PVA/ZnO nanofibers and characterize them as antimicrobial wound dressings that
are effective and efficient in assisting the wound care process that does not cause new infection effects
in the area around the wound.

2. Methods
The material used in making nanofibers is polyvinyl alcohol dissolved in distilled water with a
concentration of 10%. As materials for making nanofiber composites, gelatin, chitosan, ZnO and PVP
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are used. The material is dissolved with distilled water and mixed with a PVA solution of a certain
composition according to the characteristics of the base material. The tools used in making the solution
include a beaker glass, digital balance, stirrer and electrospinning (Nachriebe 601). The solution that is
ready to be spun is put into the spet as much as approximately 10 ml. While the characterization tools
used are FTIR, SEM and anti-bacterial test (International Standard 1SO22196).

Polymer solution

':' ) Collector
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Figure 1. Electrospinning process

Making PVA solution using the wet mixing method, the nanofiber is produced by electrospinning
(Nachriebe 601). Mixing the PVA solution with other ingredients (gelatin, PVVP, Chitosan and ZnO)
with the wet mixing method, stirred at room temperature for approximately 2-4 hours, until a
homogeneous solution is produced. The electric spinning process is carried out with varying voltages
between 12-21 kV, the distance from the spet to the drum collector is 12-18 cm, with a spinning time
of 1-3 hours. The electrically spun nanofibers were characterized using FTIR, to determine the
functional groups formed. Then SEM determines the morphology of the fiber and the diameter of the
resulting fiber. Furthermore, an anti-bacterial test was carried out according to the International
Standard 1SO22196 with Staphylococcus aureus bacteria.

3. Results and Discussion

The PVA solution produced after adding other ingredients (gelatin, PVP, Chitosan and ZnO) was
continued into the spinning process. There are four types of solutions, namely PVA/Chitosan,
PVA/PVP/Chitosan, PVA/Gelatin and PVA/ZnO. Each solution is made into nanofibers using an
electric spinning process. The resulting nanofibers were characterized using FTIR to determine the
functional groups formed. The results of the FTIR are shown in Figure 2.
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Figure 2. FT-IR results for (a) PVA/Chitosan, (b) PVA/PVP/Chitosan, (¢) PVA/ZnO, and
(d) PVA/Gelatin.

Figure 2 shows that in each solution it has been identified that the functional group of the nanofiber
is the functional group of the basic ingredients that make it up. Figure 2(a) is the result of PVA/Chitosan,
where the presence of the N-H amide Il functional group was identified as a functional group that
characterizes chitosan at a wave number of 1608 cm[21]. In Figure 2(b), there are functional groups
that identify PVP and chitosan, where PVP is identified as having the same group as PVA, and chitosan
is identified with an N-H group at a wave number of 1617 cm™. In the PVA/ZnO nanofiber (Figure
2(c)), there is a Z-O functional group in the wave number 400-600 cm™ [22,23]. Meanwhile, the
PVA/Gelatin nanofibers (Figure 2(d)) have almost the same functional groups, so it can be identified
that the higher peaks that appear in several functional groups reinforce each other between the two
materials, namely the C=0 stretching functional group with a number wave 1650-1735 cm™[24].

Table 1. FTIR characterized functional group

Functional Group Wave number (cm™) Material Identification Reference
N-H amide Il 1608-1617 Chitosan [21]
N-H
Z-0 400-600 ZnO [22,23]
C=0 1650-1735 Gelatin [24]

Based on the results of FTIR characterization, it can be ascertained that the nanofiber formed is
already a nanofiber containing added materials (not only PVA), namely chitosan, PVP, ZnO and gelatin.
To determine the physical characteristics of the fiber formed, the diameter and morphology of the fiber
were measured using SEM. Wound dressing to be made must have a homogeneous and smooth surface.
Thus, the fiber with a very small diameter can be used as a wound cover that does not cause skin tissue
damage when removed. The results of the SEM characterization are shown in Figure 3.
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Figure 3. Result SEM from (a) nanofiber PVA, (b) nanofiber PVA/Gelatin, (c) nanofiber
PVA/PVP/Chitosan, (d) nanofiber PVA/Chitosan, and (e) nanofiber PVA/ZnO

The results of SEM characterization, the morphology of the resulting nanofibers showed the best
homogeneity in PVA/Chitosan and PVA/ZnO, where it was seen that the fibers formed were denser and
the diameter of the fibers produced was almost the same size. In PVA/Gelatin, it can be seen that the
fiber formed is very rare even though the diameter of the fiber is smaller and there are fibers that turn
into beads when attached to other fibers. PVA/PVP/chitosan is almost the same as PVA/Gelatin, but
the fibers produced are denser than PVVA/chitosan. Beads that appear more, and between the fibers seen
a lot of sticking together.

The diameter of the PVA fiber before adding other materials produced varies from 120-255 nm,
where the diameter of the fiber used as a wound dressing is 100-300 nm [25]. However, PVA does not
have anti-bacterial characteristics, so it is necessary to add other ingredients. Based on the SEM results,
after PVA was given an anti-bacterial additive, the fiber diameter obtained was still in the range of 100-
285 nm, meaning that it still met the criteria as a wound dressing. The diameter is bigger because there
are some fibers that stick together which causes changes in the shape and dimensions of the fiber to
widen.

Testing wound dressing as an anti-bacterial using Staphylococcus aureus bacteria which is a gram-
positive bacteria that breeds in wounds, especially wounds on the outer skin tissue. The test method
used conforms to the International Standard 1SO22196 regarding specifying a method of evaluating the
anti-bacterial activity of antibacterial-treated plastics, and other non-porous, surfaces of products
(including intermediate products)[26]. This test method used the initial number of bacteria as a control,
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namely 723 colonies. The test is done by varying the time of using wound dressing for 1-5 hours with
an interval of 1 hour checking the number of bacterial colonies in the wound dressing.

Table 2. Anti-bacterial test results on wound dressing

Time PVA/Chitosan PVA/PVP/Chitosan PVA/Gelatin PVA/ZnO

(hour) Efficiency Efficiency Efficiency Efficiency
Colony (%) Colony (%) Colony (%) Colony (%)

1 hour 278 61.6 715 11 544 24.8 253 65.0

2 hour 335 53.7 713 14 379 47.6 172 76.2

3 hour 73 89.9 312 56.8 450 37.8 31 95.7

4 hour 184 74.6 632 12.6 517 28.5 213 70.5

5 hour 229 68.3 689 4.7 550 23.9 218 69.8

Figure 4. Image of a colony on PVA/ZnO wound dressing anti-bacterial test

From the results of the anti-bacterial test, PVA-based wound dressings have met the criteria as
wound dressings if the efficiency of bacterial absorption reaches 50% and the usage time is 3-4 hours.
[7,16,18]. Wound dressing which has the highest efficiency is PVA/ZnO reaching 95.7% with a usage
time of 5 hours still able to absorb with an efficiency of around 70%. Likewise, with PVA/Chitosan,
the efficiency reached 89.9% and within 5 hours was still able to absorb with an efficiency of 68%. It
is different with PVA/PVP/Chitosan which only has an efficiency of 56.8% after 3 hours of use, and
will decrease drastically when used for more than 3 hours. Meanwhile, the highest efficiency of
PVA/Gelatin only reached 47.6% for 2 hours of use and continued to decrease with increasing usage
time. When viewed from the characteristics of the nanofibers formed, the low efficiency of PVA/Gelatin
and PVA/PVP/Chitosan is due to the presence of fiber parts that stick together and form beads that
hinder the absorption process of bacteria entering the wound dressing [8,17].
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Figure 5. Anti-bacterial absorption efficiency composite of PVA

4. Conclusion

Wound dressings can be made from polymer materials, namely PVA, combined with other materials
that help absorb bacteria that arise for types of wounds on the skin tissue. The efficiency of wound
dressing against Staphylococcus aureus bacteria, the best is wound dressing made from PVA/Chitosan
and PVA/ZnO, where the efficiency reaches 90% and is still able to absorb above 50% for a period of
5 hours.
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