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1. INTRODUCTION

Hydrogel is a material composed of a three-dimensional polymer network that has the ability to
absorb liquids. Hydrogels have properties similar to natural living tissue, with high water content and
porosity (Calé & Khutoryanskiy, 2015). Natural, synthetic, and mixed polymers have been widely used
to synthesize hydrogel. Hydrogels from natural polymers have excellent biocompatibility properties but
poor mechanical properties (Zhao et al., 2023), such as chitosan (Hong et al., 2024) and alginate (Savi¢
Gaji¢ et al., 2023). On the other hand, synthetic polymers such as polyvinyl alcohol (PVA) (Liang et al.,
2024) and poly (ethylene glycol) (PEG) (Wang et al., 2023) have also been used to make hydrogels
because they have physical and chemical properties that can be adjusted according to needs (Bashir et
al., 2020). PVA is a synthetic polymer easily soluble in water and has hydroxyl functional groups that
can be cross-linked to form hydrogels with high mechanical strength (Chen et al., 2022). There are two
methods for synthesizing hydrogels, namely chemical and physical cross-linking. Chemical cross-
linking methods can produce hydrogels with excellent mechanical properties, such as cross-linking with
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aldehydes (Parhi, 2017) and enzymes (Naranjo-alcazar et al., 2023). However, the cross-linking agent
must be extracted from the hydrogel before application because it carries toxic properties (Akhtar et al.,
2016). Hydrogel synthesis methods that are safe from toxic properties can be carried out through
physical cross-linking, one of which is freeze-thaw (Edikresnha et al., 2021). Freeze-thaw is carried out
in several freezing and thawing cycles to form a hydrogel through a crystallization process to control its
physical and chemical properties (Bustamante-Torres et al., 2021). Hydrogels synthesized from PVA
polymer using the freeze-thaw method are known to be widely developed for medical applications
(Waresindo et al., 2021; Luthfianti et al., 2022).

On the other hand, Indonesia is a tropical country known to have a variety of natural ingredients
that can be used in the medical field. Morinda citrifolia L. is one of the natural ingredients that has been
widely used for traditional medicines since ancient times, as a dressing for injured skin (Sabirin et al.,
2013), a cream to speed up wound healing (Parmadi et al., 2019), and an antibacterial agent (Erina et
al., 2019). Through phytochemical analysis, Morinda citrifolia L. leaves contain several chemical
compounds, such as saponins, tannins, triterpenoids, alkaloids, and flavonoids. (Nayak et al., 2009).
Flavonoids, tannins, and saponins have been reported to have high antibacterial activity (Halimah et al.,
2019; Claudya et al., 2023). A suitable delivery medium is required for the antibacterial activity in
Morinda citrifolia L. leaves. Presenting suitable and easy-to-use delivery media is a challenge that needs
to be overcome. In the last few years, hydrogel has been widely developed as a material that can be used
as a delivery medium for antibacterial agents (Edikresnha et al., 2021; Waresindo et al., 2021; Luthfianti
et al., 2022). Hydrogels are known to own several advantages, such as being easy to use, easy to clean,
and having intermolecular forces that can reduce molecular mobility so that they can encapsulate drugs
stably (Saputro et al., 2021). This research will use PVA hydrogel as a delivery medium to encapsulate
Morinda citrifolia L. leaves extract (MCLE).

Although much research has been carried out on MCLE, there has not been much research using
hydrogel as a matrix to encapsulate MCLE. Therefore, this study aims to develop and characterize a
composite hydrogel from PVA and MCLE, which was synthesized using the freeze-thaw method. The
main novelty in this research is that the PVA hydrogel initially did not have antibacterial properties.
However, after MCLE loading, the composite hydrogel could have antibacterial activity. The
synthesized hydrogel was then characterized physically and pharmacologically. The physical
characterization carried out includes testing the physical properties of the precursor solution
(conductivity, viscosity, and pH), Scanning Electron Microscope (SEM), Fourier Transform Infrared
(FTIR), swelling degree, and gel fraction. The pharmacological characterization carried out was an in-
vitro antibacterial activity test.

2. METHOD

2.1 Materials

PVA fully hydrolyzed was obtained from Sigma-Aldrich. Analytical ethanol was obtained from
Merck, Germany. Aquades were obtained from ROFA Laboratory Center, Bandung. Morinda citrifolia
L. leaves were obtained from Bantul Regency, Yogyakarta, Indonesia.

2.2 Preparation of MCLE

Morinda citrifolia L. leaves are extracted using the maceration method. The Morinda citrifolia L.
leaves that have been collected are first dried and ground into powder. Powder of Morinda citrifolia L.
leaves are then filtered in a size of mesh-60. The Morinda citrifolia L. leaves powder is soaked in 96%
(v/v) ethanol solvent. The mass ratio of Morinda citrifolia L. leaves to powder and ethanol is 1:10. The
soaking process lasts 1 x 24 hours, accompanied by regular stirring. After that, the filtering process is
carried out using flannel cloth to obtain the filtrate. The soaking and filtering process is repeated with
half the previous ethanol ratio (1:5). The filtrate is then collected and evaporated using a rotary
evaporator to obtain a thick MCLE (Mohammad & Yulyianti, 2023).

64 Jurnal llmu Fisika, 17 (1), March 2025, pp. 63-77



Kusjuriansah et al.: Freeze-Thawed PVA Hydrogel Loaded by Morinda Citrifolia L. Leaves Extract...

2.3 Preparation of the precursor solutions and the hydrogels

In this study, the initial solutions prepared were PVA and MCLE solutions. The PVA solution
was prepared with a concentration of 10% (w/w) by dissolving the PVA powder in distilled water, then
stirring using a magnetic stirrer at 100°C for 2 hours until mixed well. In addition, the MCLE solution
was prepared with a concentration of 10% (w/w) by dissolving the MCLE in a mixture of solvents
(aquades and ethanol with a 1:1 ratio), then stirring using a magnetic stirrer until evenly mixed. After
that, the PVA and MCLE solutions were mixed in various weight ratios, namely 10:0, 10:1, 10:2, 10:3,
10:4, and 10:5, then stirred using a magnetic stirrer until evenly mixed. The solution is then put in a
potzalp to be synthesized into hydrogel via the freeze-thaw method. The freezing process lasted 20 hours
at -250C, while the thawing process was carried out for 4 hours at room temperature. The freeze-thaw
process is repeated for six cycles (Edikresnha et al., 2021). A total of six freeze-thaw cycles were
selected after observing the hydrogel formation in each freeze-thaw cycle. After one to five freeze-thaw
cycles, the hydrogel formed was still soft or had poor mechanical properties. In six freeze-thaw cycles,
a hydrogel was formed with good mechanical properties. Meanwhile, if the freeze-thaw cycle exceeds
six, the hydrogel will be produced with mechanical properties that are too hard. The successfully
synthesized hydrogel is shown in Figure 1.

209

Figure 1. Results of hydrogel synthesis for sample (a) 10:0, (b) 10:1, (c) 10:2, (d) 10:3, () 10:4, dan (f) 10:5.

2.4 The characterizations of precursor solutions

The precursor solution is previously analyzed to determine viscosity, conductivity, and pH
properties. The viscosity of the solution was determined using a Fisher Scientific Ostwald-Fenske
viscometer, Surface Tensiomat model 21. Meanwhile, the conductivity of the solution was measured
using a conductometer. The pH value of the solution is measured with a pH meter brand Orion.

2.5 Scanning Electron Microscope (SEM)

SEM characterization was carried out to examine the internal morphology of the synthesized
hydrogel. Before the SEM characterization, the hydrogel was dried using the freeze-dry method. The
dried hydrogel is then cut in a plane parallel to the cylinder axis. Afterward, the hydrogel surface was
scanned using SEM. In this research, hydrogel morphology observations were carried out using an SEM
device with an excitation voltage of 10 kV in the Chemistry Laboratory of FMIPA ITB. Hydrogel
morphology observations were carried out at 1,000 and 5,000 times magnification.

2.6 Fourier-Transform Infrared Spectroscopy (FTIR)

FTIR characterization was carried out to see the functional groups of the hydrogel that were
affected by the presence of MCLE. In this study, the determination of functional groups in hydrogels
was carried out using a Fourier-Transform Infrared Spectroscopy (FTIR) tool (Bruker, Alpha Platinum
ATR A220/D-01) available at the Chemistry Laboratory of FMIPA ITB. Determination of functional
groups in hydrogels using the FTIR tool is carried out in the wave number range between 500 to 4500
cm™,

2.7 The swelling degree of the hydrogels

The swelling degree test was carried out to determine the ability of the hydrogel to absorb liquid.
Before testing, the hydrogel was dried at 50°C in the oven until the mass remained constant. The dried
hydrogel was then soaked in a container filled with phosphate buffer saline (PBS) with a pH of 7.4 and
stored at room temperature. Hydrogel mass measurements were performed at 0, 3, 6, 9, 12, 24, and 48
hours. Before these measurements, the surface of the hydrogel was dried first using filter paper. The
ratio between the increase in the mass of the hydrogel after soaking and the mass of the hydrogel before
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soaking is defined as the swelling degree. The swelling degree is expressed by the following formula
(1) (Waresindo et al., 2021).

Swelling degree (%) = “2=2 x 100% (1)
1

with w, shows the mass of the hydrogel after soaking for the specified time and w; Shows the mass of
the hydrogel before soaking.

2.8 The gel fractions

After testing the swelling degree, the drying process of the hydrogel was carried out again in the
oven at 50°C until the mass remained constant. The mass of the hydrogel obtained after the drying
process is expressed as ws. The gel fraction is then defined as the ratio between the masses of the
hydrogel after drying again (w3) and the mass of the hydrogel before immersion (w;), as stated in
equation (2) below (Edikresnha et al., 2021).

Gel fraction (%) = = x 100% 2)

w1
2.9 Antibacterial activity

The method used to test the antibacterial activity of hydrogels is the agar diffusion method
(Luthfianti et al., 2022). We use gram-positive bacteria viz Staphylococcus aureus (ATCC 6538) and
gram-negative bacteria viz Pseudomonas aeruginosa (ATCC 9027) to validate antibacterial
effectiveness. Then, a hydrogel with a thickness of about 5 mm and a diameter of about 24 mm was
prepared for testing. The mass of the hydrogel was then weighed and sterilized with UV light. Muller
Hinton Agar (MHA) media as bottom agar was prepared in a petri dish. Hydrogel was then placed on
top of the MHA media. The hydrogel is then administered top agar, which contains MHA media and
bacteria tests evenly over the entire surface of the bottom order. The same procedure was carried out
for bacterial control without hydrogel for both positive and harmful bacteria. The incubation process
was then carried out at 37°C within 24 hours. After that, the bacterial inhibition zone was measured
using a caliper. From the inhibition zone, 50 pL top agar was taken to undergo the dilution process in
NaCl solution. A total of 500 uL from the dilution results is then taken and placed on top of the MHA
media until evenly distributed over the surface. After that, the incubation process was repeated at 37°C
in 24 hours. The number of bacterial colonies that grow is then counted to determine the antibacterial
activity of the hydrogel. The antibacterial activity is calculated using Equation (3) below (Waresindo et
al., 2021).

: . . 1 trol (cfuml~1))-(log hydrogel (cfu.ml™!
Antibacterial activity = [(1og control (cfumi ™))~ (log hydrogel (cfuml™})]

mass (gram).(log control (cfu.ml—1))

@)

3. RESULTS AND DISCUSSION

3.1 Properties of precursor solutions

The results of measuring the conductivity, viscosity, and pH of the precursor solution are
presented in Table 1. The conductivity value shows a measure of the ability of a solution to conduct
electricity. The greater the solute in a solution, the greater the number of ions and the greater the
conductivity (Irwan et al., 2016). The MCLE solution showed higher conductivity values than the 10:0
solution. Therefore, the loading of the MCLE solution then increases the conductivity values. As the
MCLE solution fraction increases, the conductivity value of the mixed solution from samples 10:1 to
10:5 also increases. The conductivity values of the precursor solutions are in the range of 12.8733 to
16.6100 pS/cm. This conductivity value influences the performance of the hydrogel in increasing
endogenous electrical current in the skin, which will encourage neutrophils, macrophages, and
keratinocytes to the wound site, thereby accelerating wound healing (Qiao et al., 2023). The measure of
the thickness of a solution is then expressed as viscosity (Stabik et al., 2009). The 10:0 solution has a
greater viscosity than the MCLE solution, which shows that more of the constituent chains are bonded,
so the viscosity is greater (Edikresnha et al., 2021). In the mixed solution, a decrease in viscosity was
observed when the MCLE solution fraction was added. This is because the MCLE solution has a lower
viscosity than the 10:0 solution, so the 10:1 to 10:5 samples experience a decrease in viscosity. The
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viscosity value of the precursor solution influences the morphological structure of the resulting hydrogel,
where the smaller the solution viscosity value produces the morphological structure of the hydrogel with
larger pore sizes, as shown in the SEM image. For the hydrogel to be applied as a wound dressing, it is
important to know the pH value of the precursor solution. Bacteria grow at a pH value of more than 6.0,
so the pH value used is 4.0 to 6.0, according to the skin of humans (Edikresnha et al., 2019). In this
study, the MCLE solution had a higher pH value than the 10:0 solution, so adding the MCLE solution
fraction from the 10:1 to 10:5 sample increased the pH value. The pH value obtained from the 10:1 to
10:5 sample was 5.0133 to 5.8000, making it suitable for developing hydrogel as a wound dressing.

Table 1 Conductivity, viscosity, and pH of the precursor solution.

Sample Name Conductivity (uS/cm) Viscosity (cP) pH
MCLE 559.3333 £ 0.5774 1.9333 + 0.0035 6.2000 + 0.0000
10:0 12.8733 £ 0.0115 121.8750 + 0.0095 5.0133 + 0.0058
10:1 13.4233 + 0.0058 92.7917 £ 0.0135 5.5033 + 0.0058
10:2 13.9533 + 0.0058 67.4530 + 0.0050 5.5367 + 0.0058
10:3 14.6267 + 0.0058 61.3030 + 0.0095 5.5733 + 0.0058
10:4 15.0633 + 0.0115 47.3630 £ 0.0046 5.6533 + 0.0115
10:5 16.6100 + 0.0100 43.6920 + 0.0090 5.8000 + 0.0100

3.2 Scanning Electron Microscope (SEM)

The SEM observation results are presented in Figure 2 a). The 10:0 sample shows a non-porous
surface. These results indicate that no solid and liquid phase separation was observed in the hydrogel
composed of pure PVA. This is possible because the hydrogel collapses after undergoing the freeze-dry
process (Edikresnha et al., 2021). On the other hand, 10:1 to 10:5 samples appear to show a porous
surface. The size of the pores appears to be more significant as the extract fraction increases. This may
be influenced by the composition of the extract solution in the hydrogel, where the extract is dissolved
in ethanol/distilled water solvent in a ratio of 1:1. Ethanol is known to have a freezing point of around -
114.1°C (Anggraini et al., 2017)The hydrogel containing ethanol cannot completely dry during the
freeze-dry process. This prevents the collapse process in the hydrogel so that the phase separation can
be observed in the presence of a porous surface. Phase separation is the process of separating frozen
liquid and forming PVA crystals during the freeze-thaw process. This causes the emergence of areas
that are rich in PVA (solid areas) and areas that are rare in PVA (liquid areas), which will become pores
after freeze-dry (Bercea, 2024). From 10:1 to 10:5 samples, the pore size appears larger due to the
increasing number of ethanol fractions in the hydrogel that cannot be dried through freeze-dry and the
smaller PVA fraction as the main component. The pore size of the composite hydrogel was determined
using ImageJ software (Waresindo et al., 2021). The pore size distribution of the composite hydrogel
was obtained through non-linear curve fitting in OriginPro 8.5.1 software with a Gaussian peak function.
Composite hydrogel samples from 10:1 to 10:5, respectively, showed a pore size distribution of
approximately 2.58 + 0.19, 3.54 + 0.13, 6.97 + 0.25, 7.75 £ 1.54 and 8.23 £+ 0.89 um. Hydrogel with
high porosity supports the absorption of wound fluid and the distribution of oxygel to injured skin
(Maeso et al., 2024). The phase separation in the composite hydrogel has been observed through SEM
images.

3.3 Fourier-Transform Infrared Spectroscopy (FTIR)

The FTIR spectrum results of the PVA, MCLE, and hydrogel samples are shown in Figure 3.
The PVA powder is known to have several peaks, namely at 3425, 2939, 1635, 1444, 1328, 1143, and
1097 cm™. The peak at 3425 cm™ shows O-H stretching vibrations, while CH, asymmetric stretching
vibrations are indicated by a peak around 2939 cm? (Zidan et al., 2019). The peak is around 1635 cm?,
related to C=0 stretching vibrations, while the peak is around 1444 cm-1, representing the CH> bending
vibrations (Ramadhani et al., 2021). The peak at 1328 cm™ refers to the C-H bending vibration (T et al.,
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2023), while the peak at 1143 cm describes C-O-C stretching vibrations (Hooi et al., 2021). Also, the
peak at 1097 cm* demonstrated the C-O—C stretching vibrations characteristic of the main chain of PVA
(Lazidou et al., 2019).
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Figure 2 a) SEM image for composite hydrogels, b) pore size distributions of compaosite hydrogels based on
non-linear curve fitting on OriginPro 8.5.1 software with the Gaussian as the peak function.

On the other hand, the MCLE sample shows several peaks, namely at 3410, 2924, 2852, 1631,
1384, and 1058 cm . The peak is about 3410 cm™ related to the O—H group with the type of phenolic
compound. Phenolic compounds are antibacterial agents that interfere with the cytoplasmic membrane's
function by preventing energy formation and inhibiting bacterial motility (Pertiwi et al., 2019), as
confirmed by the results of antibacterial activity testing. Peaks at 2924 and 2852 cm™ show the C-H
functional group with the type of alkane compound (Sarkar et al., 2022). The peak is about 1631 cm™*
related to the C=C functional group with the type of alkene compound (Pertiwi et al., 2019). The peak
at 1384 cmis a C-H functional group with an alkane-type compound, while the C-O stretching vibration
is represented by a peak around 1058 cm (Pertiwi et al., 2019) (Sarkar et al., 2022). The characteristic
peak for PVA (1097 cm™?) is represented by a peak at 1095 cm™ for hydrogels 10:0, 10:1, 10:4, and
10:5, while for hydrogels 10:2 and 10:3 are represented by peaks at 1093 and 1097 cm™, respectively.
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The characteristic peak of PVA in all composite hydrogels indicates that all hydrogels have
semicrystalline properties of PVA, which can maintain hydrogel stability (Hong et al., 2014). MCLE
characteristic peak (3410 cm™) was observed for all composite hydrogels at slightly higher
wavenumbers. These characteristic peaks are shown by wave numbers 3415, 3419, 3415, 3414, and
3415 for the 10:1, 10:2, 10:3, 10:4, and 10:5 composite hydrogels. The presence of the characteristic
peak of MCLE then confirms that all composite hydrogels carry the antibacterial ability of MCLE. Thus,
it can be concluded that PVA and MCLE have been contained in the composite hydrogel. The shifting
characteristic peaks are possible due to chemical interactions between polymers after mixing, indicating
a good miscibility level (Kamoun et al., 2015).
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Figure 3 FTIR spectrum of PVA, MCLE, and hydrogel samples.

3.4 Swelling degree

The hydrogel samples showed their swelling degrees, as presented in Figure 4. Initially, all
hydrogel samples showed a swelling degree that increased significantly in the first 6 hours. This initial
swelling stage is related to the entry of PBS through the pores of the hydrogel surface, making the
hydrogel network more flexible. It allows it to expand quickly through capillary effects (Zhang et al.,
2022). That swelling degree then increased slowly in the 6th to 24th hours of testing. Moreover, we can
see that the swelling degree tends to remain constant from the 24th to 48th hours. That final stage is
related to swelling equilibrium, where the osmotic pressure and elastic contraction force in the hydrogel
have reached a state dynamic balance (Wang et al., 2024). For the 48th hour, samples 10:0 to 10:5 have
swelling degrees of about 125.18%, 135.47%, 142.86%, 181.51%, 169.19%, and 146.82%, respectively.
These results indicate that the swelling degree tends to increase with increasing extract fraction for
samples 10:0 to 10:3, then decreases for samples 10:4 to 10:5. The increase in the swelling degree for
samples 10:0 to 10:3 is possible due to the effect of extract loading, which increases the pore size of the
hydrogel thereby increasing the swelling degree of the hydrogel, as confirmed through SEM images
(Waresindo et al., 2021). In addition, MCLE loading possibly decreased the cross-linking density in the
composite hydrogel, as confirmed through the gel fraction results, thereby increasing the pores' size and
water absorption ability. On the other hand, a decrease in the swelling degree for the 10:4 and 10:5
samples is possible due to the release of the extract during the testing process. The release of the extract
occurs simultaneously with the absorption of PBS into the hydrogel so that the increase in hydrogel
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weight due to PBS absorption will be reduced by the decrease in weight due to the release of the extract
(Edikresnha et al., 2021). The release of the extract may occur more dominantly than the absorption of
PBS into the hydrogel, thereby reducing the swelling degree of the composite hydrogels, as indicated
by the change in the color of the PBS after testing, which became cloudy.
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Figure 4 Swelling degree of hydrogel samples.
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Figure 5 Gel fraction.
3.5 Gel fraction

Gel fraction testing was carried out to compare the masses of hydrogel after and before the
swelling degree testing (Puspitasari et al., 2012). Before swelling degree testing, the PBS solution had
a clear color. However, after swelling degree testing, the color of the PBS solution changed to cloudy,
indicating the release of the extract from the hydrogel. This influences the change in hydrogel mass after
testing, which was observed in the gel fraction value. The gel fraction also shows the effectiveness of
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cross-links formation in the hydrogel, where the higher the gel fraction, the more cross-links are formed
in the hydrogel (Halligan et al., 2023). The gel fraction values of each hydrogel sample are presented in
Figure 5. Samples 10:0 to 10:5 showed gel fractions of 87.58 + 5.01%, 85.18 + 5.48%, 80.29 + 6.33%,
77.65 £ 8.53%, 74.66 + 7.59%, and 65.87 £ 1.38%, respectively. The 10:0 sample containing pure PVA
has the largest gel fraction value, indicating the number of cross-links or monomer ions formed from
the PVA group (Jayanudin et al., 2024). On the other hand, samples 10:1 to 10:5 decreased the gel
fraction value as the extract fraction increased. This decrease indicates that the loading of the extract
reduces the number of cross-links formed in the hydrogel (Maulidina et al., 2022). This is possible
because the more the extract fraction in the hydrogel increases, the more extract release occurs during
testing, resulting in a greater decrease in the hydrogel mass, which causes the gel fraction value to
become smaller (Edikresnha et al., 2021).

3.6 Antibacterial activity

The antibacterial activity of all hydrogel samples was determined through two test methods,
namely the disk diffusion method and the total plate number method. After 24 hours of incubation, the
inhibition zone can be observed through the zone without bacterial growth around the hydrogel sample,
as shown in Figure 6 and Figure 7. The diameter of the inhibition zone was then measured using a caliper
for each hydrogel sample, and the results are presented in Table 2. The 10:0 sample did not produce an
inhibitory zone diameter because PVA does not have antibacterial properties, so it cannot inhibit
bacterial growth (Preda et al., 2023). On the other hand, samples 10:0 to 10:5 show a larger diameter of
the inhibition zone. This is related to the antibacterial properties of MCLE (Erina et al., 2019), where
adding the extract fraction to the hydrogel produces a more significant inhibition zone. MCLE is known
to contain flavonoids, which can interact with bacterial DNA to damage bacterial cell walls and inhibit
bacterial movement (Claudya et al., 2023). Furthermore, the antibacterial activity of all hydrogel
samples will also be confirmed through total plate number testing to obtain more quantitative results.
(Waresindo et al., 2021; Luthfianti et al., 2022).

Figure 6 Image of inhibition zone against Staphylococcus aureus for each hydrogel sample.
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Figure 7 Image of inhibition zone against Pseudomonas aeruginosa for each hydrogel sample.

Table 2 Diameter of inhibition zone of the hydrogel sample.

Diameter of inhibition zone (mm)

Sample S. aureus P. aeruginosa
10:0 0 0
10:1 29.6 25.2
10:2 29.8 29.5
10:3 30.5 30.0
10:4 30.8 30.8
10:5 31.2 31.1

After another 24 hours of incubation, the number of bacterial colonies was counted for the control
and all hydrogel samples. The image of the bacterial colonies of Staphylococcus aureus and
Pseudomonas aeruginosa for each hydrogel sample is presented in Figure 8 and Figure 9. Furthermore,
the antibacterial activity of all hydrogel samples is shown in Table 3. Samples 10:1 to 10:5 show
excellent antibacterial activity as the extract fraction increases, consistent with the results of the
increasingly larger diameter of the inhibition zone. In addition, the antibacterial activity against
Staphylococcus aureus also appears to be higher than Pseudomonas aeruginosa. These results are
related to differences in the cell wall structure of the two types of bacteria (Piatek et al., 2023).
Staphylococcus aureus is known to be a gram-positive bacterium with a simple cell wall structure
composed of a layer of peptidoglycan, wall teichoic acids (WTAs), and lipoteichoic acids (LTAs) (Wang
et al., 2022). On the other hand, Pseudomonas aeruginosa, as a gram-negative bacterium, is known to
have a more complex cell wall structure, which consists of huge amounts of phospholipids,
lipopolysaccharides (LPS), and lipoproteins. This more complex cell wall structure then affects the
decrease in cell wall permeability, making it difficult for antibacterial agents to penetrate the cell,
resulting in less antibacterial activity (Alouw et al., 2022).
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Figure 9 Image of bacterial colony of Pseudomonas aeruginosa.
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Table 3 Antibacterial activity of hydrogel samples.

Logio of bacterial colony Antibacterial activity of
Sample (cfu/mL) hydrogels (%.gram™)
S. aureus P. aeruginosa S. aureus P. aeruginosa
10:0 7.80+0.10 7.84+0.01 0.11+0.07 0.70 £ 0.06
10:1 7.65+0.01 7.81+0.03 1.37+0.01 1.05+0.23
10:2 7.58 £ 0.02 7.81 +£0.02 2.20+0.01 1.25+0.18
10:3 7.53 +£0.02 7.75+0.03 2.54+0.02 1.64 £0.23
10:4 7.45 +0.04 7.64 +0.03 451 +0.05 2.96 £ 0.27
10:5 7.38 £0.00 7.54 +0.05 4.58 +0.00 3.92+0.52
Control 7.82+0.01 7.94 £ 0.03 - -

4. CONCLUSION

We have successfully synthesized various PVA/MCLE composite hydrogel combinations using
the freeze-thaw method. The conductivity and pH of the precursor solution showed a trend of increasing
values when the fraction of the extract solution increased. On the other hand, the viscosity of the
precursor solution showed a decreasing value with an increasing fraction of the extract solution. The
resulting hydrogel shows a morphology with increased pore size, which becomes larger when the extract
fraction in the hydrogel increases. As proven by the FTIR spectrum, PVA and extracts have been
successfully encapsulated in the composite hydrogels. The swelling degree of the composite hydrogel
tends to increase with increasing extract fraction for samples 10:1 to 10:3. However, it tends to decrease
for samples 10:4 and 10:5. On the other hand, the results of the gel fraction test prove that increasing
the extract fraction in the composite hydrogel results in a decrease in the gel fraction. The antibacterial
activity test also confirmed that the antibacterial activity in the extract remained visible after being
encapsulated in the hydrogel. Thus, the resulting composite hydrogel has advantages in water absorption
capacity and antibacterial activity, so it has promising potential for application in the biomedical field.
Furthermore, this research can also be developed to determine the ability of extracts released from
hydrogels and the direct application through in-vivo testing.
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