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Abstract 
This study focuses on the development of alternative biodegradable hydrogel films from sodium 

alginate as a matrix and curing into a hydrogel by CaCl2. Thus, the aloe vera (AV) and the crude extract 
of mangosteen peels (MPE) were additionally blended. The polymer films were prepared using the 
casting film process, and their morphology, functional groups, water absorption, antibacterial, thermal, 
and mechanical properties were characterized using SEM, FTIR, water swelling test, disk diffusion 
method, DSC-TGA, and UTM. The results demonstrated the heterogeneity between the composites 
and the polymer matrix, and a lower polarity from the decreased %water swelling from 45% to 22%. 
The mechanical properties showed that the rigidity and strength of the composites were improved, while 
those without particle blends showed a superior elongation at break. The DSC-TGA revealed a lower 
melting temperature, but a higher thermal degradation temperature when the additives were added to 
the films. The Staphylococcus aureus protection provided a clear inhibition zone of 15 ± 1 mm. Lastly, 
the results of polymer composites hydrogel demonstrated a potential for biomedical applications , 
particularly as wound dressing materials.  

1. Introduction 
 
Plastic waste has become a critical global environmental issue, and 

more than 430 million tonnes are produced annually. Plastic waste 
produces microplastics that affect the environment, including humans, 
marine animals, and plants [1,2]. Actually, biodegradable plastics are 
promising materials that can solve this problem. Almost all biodegradable 
plastics can be synthesized from natural sources such as corn, cassava, 
starch, and algae. Alginate is an anionic polysaccharide primarily 
extracted from brown seaweed, mainly harvested from species like 
Macrocystis pyrifera, Ascophyllum nodosum, and Laminaria varieties. 
It is arranged in blocks composed of two monomers of mannuronic 
acid (M) and guluronic acid (G), which form a linear chain. In specific 
details, chemically, sodium alginate (SA) is the sodium salt of alginic 
acid, composed of linear chains of β-D-mannuronic acid and α-
L-guluronic acid units [3,4]. On the other hand, it was used to control 
the drug releasing in its delivery system and applied in the biomedical 
applications, such as wound dressings and tissue engineering scaffolds 
[5]. Because of its excellent biocompatibility, biodegradability, and 
non-toxic characteristics, it is particularly valuable for applications 
involving human contact. 

Therefore, SA is an essential biomaterial due to the growing 
demand for natural, sustainable alternatives. Roopa, B. S., and Suvendu 
Bhattacharya casted a hydrogel film with 1% to 3% w/v of SA at 40℃, 
and water was then evaporated to let the SA form a thin film with a 

chain arrangement [6]. Wang, Hong, Liang Yang, and Yanning Yang 
described the crosslinking of the SA film by soaking it in a CaCl2 
solution at 1% to 2% w/v for 10-30 min. The SA crosslink arises from 
the ionic interactions between the polymer chains and multivalent 
cations of calcium ions (Ca2+) [7]. The word “SA hydrogel” was used 
to definite the cross-linked SA film, which exhibited new characteristics 
of a high mechanical flexibility and water absorption without dissolving. 
Meanwhile, it was still biodegradable and environmental friendly 
[7,8]. However, SA hydrogel has some disadvantages, such as low 
mechanical properties and an inability to be antibacterial.   

To overcome the limitations of neat SA, the incorporation of plant-
based additives, such as aloe vera and mangosteen peel extracts has been 
investigated. The extensive use of plants has emerged as a topic of 
interest in modern biomedical materials as an approach to solving 
those disadvantages. The Aloe barbadensis Miller (Aloe vera, AV) 
contains 75 bioactive compounds, such as acemannan, a β-(1,4)-linked 
acetylated mannan that demonstrated significant immunomodulatory, 
anti-inflammatory, and wound-healing activities [9]. In addition, other 
beneficial compounds, including salicylic acid, amino acids, vitamins, 
and minerals, are present. Moreover, AV works synergistically with 
alginate's calcium-cross-linked network, rendering the material 
mechanically strong and biologically active. Other studies have reported 
that the blending of AV in the SA matrix increased mechanical strength 
when 20% aloe vera was added, and also improved the moisture barrier 
[10]. In terms of wound healing and antibacterial, Chelu, Mariana, et al. 
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demonstrated that the improved bioactivity and antibacterial properties 
of the material contributed to enhanced wound healing effects [11].  

Some of the extracted compounds display the advantages of anti-
oxidant and antimicrobial properties. It is an alternative natural material 
with potential applications in cosmetic skincare and biomedical fields 
[12-14]. Nguyen, Ha Thu, et al. consistently demonstrated that the 
incorporation of mangosteen rind extract into a cellulose hydrogel 
enhanced the thermal stability and provided effective antibacterial 
activity against  both Gram-positive and Gram-negative bacteria [15]. 
Mangosteen peel, a byproduct of agricultural waste, accounts for 
approximately 60% to 70% of the total fruit weight. It represents an 
interesting source for the extraction of high-value bioactive compounds, 
including xanthones, tannins, anthocyanins, and phenolic acids [16-18]. 
Solvent extraction using alcohol was employed to extract the bioactive 
compounds due to its simplicity and high efficiency in producing the 
crude mangosteen peel extract (MPE). Other specific techniques, such as 
ultrasound-assisted extraction, supercritical CO2, and microwave-assisted 
extraction, have increased yield and shortened extraction time. However, 
these methods require specialized equipment, making them challenging 
to apply on an industrial scale.  

This study proposes the development of sodium alginate as a matrix 
material and cross-links it with CaCl2 to fabricate hydrogel films. 
In addition, aloe vera and mangosteen peel extract were incorporated. 
The functional groups, chemical structures, water swelling, mechanical, 
thermal, and antibacterial properties against Staphylococcus aureus 
were investigated in the ternary hydrogel system with enhanced 
synergistic effects, which for a further alternative biodegradable wound 
dressing and biomedical materials. 

 
2. Experimental 

 
2.1  Materials 

 
Sodium alginate (SA) particles (food-grade, non-GMO) were 

purchased from Chemrich, Thailand. Organic aloe vera extraction 
was supplied by Phitsanuchemicals Co., Ltd., Thailand. Mangosteen 
peels were obtained from the local market in Bangkok, Thailand. 
Calcium chloride (CaCl2) was purchased from Suksapanpanit Co., Ltd., 
Thailand, while citric acid and ethanol (95%, technical grade) were 
obtained from Gammaco, Thailand. Ascorbic acid was supplied by 
Carlo Erba, Italy. 

 
2.2  Extraction of MPE 

 
Fresh mangosteen peels were dried in an oven at 80℃ overnight, 

then milled to obtain dried peel powder. The MPE was prepared using 
95% ethanol with an extraction method at 25% w/v. The mixture was 
stirred continuously at room temperature for 8 h, then filtered to separate 
the residue. The liquid phase was evaporated subsequently to remove 
the solvent at 80℃ for 4 h. The crude MPE was obtained with about 
10% to 12%yield from the dried mangosteen peels, which were used 
for further experiments. 

 
2.3  Hydrogel films casting process  

 
The SA solution was prepared by dissolving SA powder in distilled 

water 10% w/v at 45℃ until it was clear, then cooling it to room 

temperature. For the AV blend films, AV extracted solution (pre-treated 
with 0.45% citric acid and 0.2% v/v ascorbic acid) was incorporated 
at 20% v/v of the alginate solution, along with 1 wt% MPE (ground and 
sieved with 50 μm nylon mesh before using). Then, the film solution 
was cast in a petri dish, as molds, and dried in an oven at 60℃ overnight. 
After complete drying, the films were immersed in 5% CaCl2 solution 
for 30 min to encourage cross-linking of the polymer chains. Lastly, the 
final drying was performed to acquire the complete hydrogel films. 

 
2.4  Characterizations  

 
The cross-section morphology of the hydrogel films was examined 

by a Field Emission-Scanning Electron Microscope (FE-SEM) (JSM-
6000 Plus, JEOL, Japan) at 2kV with Au coating. Attenuated Total 
Reflectance Fourier-Transform Infrared Spectroscopy (ATR-FTIR) 
spectroscopy examined the chemical structures, interactions, and 
functional group characteristics. The spectra were measured by co-
adding 32 scans at a resolution of 4 cm‒1. The mechanical properties 
of the film sheet samples were examined in tensile mode on a Tinius 
Olsen H5KT machine with a 1000 N load cell. The film sheet specimens 
were prepared at a 15 mm width. The measurements were conducted 
at a 50 mm gauge length at a tensile speed of 5 mm∙min‒1. Each sample 
was measured in 3 replicates, and the average value was reported. 
The water absorption rate into the nanofiber mats was investigated 
by cutting the fiber mat into a 3 cm2 area. The fiber mat was weighed 
before and after swelling in RO water as a function of time. Each sample 
was measured in triplicate, and the average value was reported. Crude 
MPE, Polymer blends, and composites were analyzed by DSC-TGA 
(STD Q600) to study the thermal stability and thermal behavior.  

 
2.5  Anti-staphylococcal activity  

 
The disk diffusion method was used to examine antibacterial 

properties. Staphylococcus aureus TISTR 2329, kindly provided by 
the Thailand Institute of Scientific and Technology Research (TSITR), 
was initially cultured on Nutrient Agar (NA) medium and incubated at 
37℃ for 18 h. Bacterial colonies were then suspended in sterile distilled 
water to attain a standard turbidity of 0.5 McFarland. The bacterial 
suspension was uniformly spread over the surface of the NA using 
a sterile cotton swab. Meanwhile, the samples were cut into circular 
shapes with a diameter of 6 mm and a thickness of approximately 
1 mm, and placed onto the prepared bacterial lawn. Sterile distilled 
water was used as the negative control (NTC), while penicillin at 
a concentration of 10 U was used as the positive control (PEN). The 
plates were subsequently incubated at 37℃ for 24 h, after which the 
diameter of the clear inhibition zones was measured in millimeters 
using Vernier calipers from the edge boundaries of complete growth 
inhibition. All experiments were performed in triplicate. The average 
values and standard deviation were calculated, and statistical analysis 
was conducted using GraphPad Prism version 8.3.4, applying a paired 
t-test with a 95% confidence interval, with p <0.05 considered statistically 
significant. 

 
3.  Results and discussion  

 
3.1  Morphology 
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The morphological surface of the crude MPE and hydrogel films 
is observed in Figure 1, while the crude MPE is revealed in Figure 1(a). 
The ground size was about 20 μm to 40 μm, and some stuck can be 

increased to 200 μm to 300 μm. It is a concern that the composite films 
must be ground and sieved before use. The surface also shows a sharp 
edge with some small fibers inside. It can be from the tiny cellulose 
curtain passed through a synthesis method. However, other research 
has mentioned the advantages of fibers, which can improve the 
mechanical strength [19]. For the film part, neat SA in Figure 1(b) shows 
a smooth surface with a linear pattern, which can be seen from the 
clue of the wrinkling. After blending with the AV, the films provided 
a rough surface similar to the heterogeneous phase, as in Figure 1(c). 
However, the indication was well dispersed and stimuli for all areas 
[20]. The film can be expected to perform well, especially regarding 
mechanical properties. Thus, the MPE composites in Figure 1(d) show 
the heterogeneous agglomerated size of about 20 μm, similar to the 

mesh used, uniformly scattered throughout the film. The MPE fiber 
was covered by the SA matrix, which was well affected because it is 
not entirely separated from the top or sedimented to the bottom side of 
the films. In many composite works, the small powder in micro-nano 
size stayed in heterogeneous phases, still improving the mechanical 
strength and rigidity of the polymers [21,22].  

 
3.2  Functional groups and chemical structures 

 
FTIR analysis characterized the functional groups and chemical 

structures of the materials. The pure MPE particles are represented in 
the different bands at 1055 cm‒1 and 1452 cm‒1, which describe the C‒O 
stretching and CH bending in phenolic compounds and cellulose fibers. 
It corresponds to the FE-SEM image of the MPE particle, where some 
part of them looks like a short fiber feature. Additionally, the CH3 
asymmetric stretching vibration at 2950 cm‒1 also indicates the MPE 
fingerprint, as shown in Figure 2(a). Figure 2(b) shows the band of SA 

that relates to the band at 1025 cm‒1, which shows the C‒O stretching 
from the alginates’ uronic acid group. Thus, the band at 1280 cm‒1 

represents the C‒O stretching from the polysaccharide backbone. The 
COO‒ symmetric and asymmetric stretching were illustrated at 1410 

cm‒1 and 1590 cm‒1. Actually, the COO‒ of the alginate was observed 
at 1600 cm‒1 to 1620 cm‒1, but in our work was shifted to 1590 cm‒1. 
It is associated with the crosslinking mechanism of the Ca2+ crosslink 
by shifting to the left-hand side at 1590 cm‒1 after soaking in the CaCl2 
solution. This is entitled "Egg-Box" Model, where the primary mechanism 
for gelation is ionic crosslinking with divalent cations. Moreover, CH 
from methylene stretching is performed at 2850 cm‒1 to and 2915 cm‒1 

for symmetric and asymmetric vibration. The free OH stretching was 
matched at the broad band at 3300 cm‒1 [23-26].  

 

  

  

Figure 1. FE-SEM images at the surface of (a) crude MPE at 500x, (b) neat SA, 
(c) SA/AV, and (d) SA/AV/MPE hydrogel films at 1000x. 

 

Figure 2. FTIR spectra of (a) crude MPE, (b) neat SA, (c)  SA/AV, and (d) SA/AV/MPE hydrogel films. 

(a) 

20 μm 

(b) 

10 
μm 

(d) 

10 μm 

(c) 

10 μm 
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In terms of the MPE composites also showing similar bands, 
because a small amount was added, which resulted in only a similar 
band to the matrix [27,28]. However, the significant band of MPE 
was affected at 2850 cm‒1 and 2925 cm‒1. It can be observed that 
the MPE band is obscured in this case by the undetected sharp peak, 
while the intensity is similar [29]. It can indicate that the particle was 
still at the film's surface, which is commonly found by using ATR-
FTIR measurement [28]. It corresponds to the FE-SEM, where the 
matrix polymer covers all particles inside the films. In the other parts, 
a slight intensity of the OH band decreasing was detected due to the 
lower hydrophilic chemicals such as xanthones and tannins. The area 
normalization found that 19% reduction, using 1590 cm‒1 as a standard 
band area. Nevertheless, the aloe vera and alginate have similar functional 
groups of hydrocarbons and polysaccharides, which cannot distinguish 
between these complexation materials [8]. 
 
3.3  Mechanical properties 

 
The mechanical properties of hydrogel films were examined using 

a tensile test, as shown in Figure 3. Tensile strength increases when 
an additive is blended with the materials, while the low mechanical 
strength of neat SA remains, as shown in Figure 3(a). Figure 3(b) 

reveals the Young’s modulus with trends increasing in similarity to the 
tensile strength. However, it increased further when the MPE particles 
were added to the materials. This is because of the effects of composite 
materials, which provide high rigidity [27,30]. Previous works describe 
the cellulose and lignin particles affected similarly, increasing the 
strength and rigidity of polymer composites. Even though it is not the 
same matrix and additive, the effected of composites are provided in 
these trends [31,32]. Not only that, AV still acts as an elastomer for 
the hydrogel, because of the increasing trends that break elongation 
and toughness, as shown in Figure 3(c). The improvement of both 
strength and elongation was from the amorphous chain in AV. It helps 
create mobility between the chains, which perform slight movements 
when the film receives the force, but not too much to destroy the 
networks. Although the P value described the non-significant data in 
some of them, the error bar from the SD can be implied to a trend 
of change. For more support, the stress-strain curves in Figure 3(d) 
represent the shape of the SA/AV. It was a tougher shape, but still has 
some curve at the yield point, representing some crystal formation 
[33,34]. Thus, AV makes a balance for materials that are not too rigid 
for the composite of MPE, which still decreases the material's toughness 
but provides strong samples without cracks in the final products. 

 
 

 

Figure 3. Mechanical properties (a) tensile strength, (b) Young's modulus, (c) elongation at break, and (d) stress-strain curves of hydrogel cast films. 

(a) (b) (c) 
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Figure 4. Thermal behavior of hydrogel by (a) DSC heat flow, and (b) TGA curves. 
 

 

Figure 5. Water absorption capability of the hydrogel and its composites at 
various time points. 

 
3.4  Thermal properties 

 
Thermal properties of SA, SA/AV, and SA/AV/MPE hydrogels 

were analyzed by DSC analysis, as plotted and summarized in 
Figure 4(a). The phase transitions and thermal stability of neat SA, 
SA/AV, and SA/AV/MPE hydrogel films were evaluated by DSC-
TGA analysis. From DSC curves at 65℃ to 80℃, it is attributed to 

the dehydrated of both free and bound in the hydrophilic groups of the 
SA. It corresponds with the Maniania, B. Zuka, et al. who describe the 
dehydration of SA at 80℃ [35]. In this position, incorporating with 
AV and MPE resulted in a lower shifted and reduced the intensity 
compared to neat SA. Describing that, a modification in the water 
holding capacity and dense molecular network alters the moisture 
necessary. At higher temperatures, neat SA exhibited the characteristic 
degradation starting at 204℃, representing the depolymerization of the 
glycosidic units. For AV blended, a secondary peak was observed about 
170℃ to 190℃, suggesting comparatively lower thermal resistance. 
It is likely because of the effected of the H-bonding from bioactive 
polysaccharides, such as acemannan, present in the aloe vera. It was 
mentioned in the same trends as Oluba, Olarewaju M., et al.’s work, 

who mentioned that this effect is attributed to the disruption of hydrogen 
bonding and reduced crystallinity by Aloe vera in agreement with 

previous research on the effects of incorporating bioactive agents in 
starch-based films [36]. 

Thermal degradation was illustrated to describe the decomposition 
of the hydrogels, as plotted in Figure 4(b). The results provided mainly 
two-step degradation without the initial decrease due to water evaporation 
from the moisture before 100℃. In the primary degradation region at 
200℃ to 220℃, SA and SA/AV demonstrated similar rapid decomposition 
profiles, reaching approximately 50% weight retention by 250℃ to 

300℃, indicating characteristic biopolymer degradation. The neat 
MPE shows that Td50 represents the higher degradation temperature. 
Moreover, the graphs were also confirmed by the shifted line on the 
right-hand side as a trend after blended AV and MPE were added. 
Notably, the SA/AV/MPE composite exhibited further enhancement, 
closely approaching the performance of neat MPE. It displayed the 
highest thermal resistance throughout the temperature range.  

At 550℃ to 600℃, all samples converged to approximately 35% 
to 40% residual weight, suggesting similar char formation characteristics. 
Even though the first step of degradation was introduced at 100℃ to 
200℃, which is close to with melting temperature. Some of the work 
describes the no Tm of SA. However, the first step was about 10% 
including the moisture evaporation, and the DSC can clearly observe 
the exothermic curves at Tm that can be illustrated. It can be described 
as the decreasing in the DSC thermogram baselines that befallen after 
the exothermic regions. These results demonstrate that MPE acts as 
an effective thermal stabilizer, significantly improving the high-
temperature performance of SA/AV/MPE composites, which is 
particularly advantageous for applications requiring enhanced thermal 
stability [37,38]. 

 
3.5  Water absorption 

 
Water absorption of hydrogel is a vital property for applied use in 

the biomedical sheet, as shown in Figure 5. The results reveal a high 
performance of the SA hydrogel, about 45% from dry weight at 60 min, 
because it completely performs a hydrogel cross-linkage [39]. After 
adding AV to the films, it blocked some crosslinking from its amorphous 
structure, which reduced the absorption ability [23]. However, almost 
all of AV's structures show high polarity of hydroxyl groups, so it still 
maintains the water inside. However, the MPE shows a significant 
decrease in this property. This is because the big particles of MPE obstructed 

(a) (b) 
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the crosslink hydrogel reaction, and the high hydrophobicity of xanthones, 
the main compound in MPE, decreased the water absorption [40]. 
Not only that, it also corresponds with the FTIR analysis, which shows 
the low free OH groups at 3300 cm‒1 in MPE composite samples. 
It can be described that the water absorption was from the xanthones 
or other hydrophobic components of MPE [17]. It also corresponds 
with the FE-SEM, which prohibits the MPE from being covered inside 
the films. 

Lei H. and Peiyi W. describe the H-bonding and bridge structure 
of SA using 2D-FTIR and ATR-FTIR to confirm that the H‒bonding 
is reduced when the temperature changing. They define the inter/ 
intramolecular hydrogen bonding within SA chains, such as O3H3···O5 
and O2H2···O=C‒O‒. All of the bonds lead to the appearance of relatively 
free ‒OH and COO‒ groups. Corresponding with our FTIR results, 

which observed the lower OH with lower water absorption in the same 
trends [41]. The particles provided the roughness surface, which affected 
the hydrophobicity. Sachdev D. et al. mentioned that the effected of 
hydrophobicity and water absorption are the material degradation, 
environment conditions, chemical composition, heterogeneity, porous, 
and surface morphology [42]. The surface was affected by water 
absorption when there was too high a water contact angle. In this case, 
slight roughness exhibits a slower rate of absorption, as the %absorption 
was affected by other reasons. By the way, in our work, the degradation 
and environment were not mentioned as being out of scope; the others 
were evaluated. Although reducing the composites' hydrogel was found, 
it still has a capability of about 20% of the dry weight. On the other hand, 
previous works described that more hydrophobic materials also provide 
better antibacterial properties, which is related to a beneficial way for 
this work [43-45]. 

 

 

Figure 6. Anti-staphylococcal activity of SA, SA/AV, and SA/AV/MPE hydrogel 
films determined by the disk diffusion method. Data is presented as mean ± SD 
of inhibition zone diameters in mm. (ns, not significant; ** p ≤ 0.01, *** p ≤ 0.001, 
paired t test, 95% confidence interval). 

 
Table 1. Clear inhibition zone of hydrogel films against Staphylococcus aureus. 
 
Sample Inhibition zone [mm] 
NCT 6 ± 0 
SA 6 ± 0 
SA/AV 6 ± 0 
SA/AV/MPE 15 ± 1 
PEN 37 ± 1 

3.6  Anti-staphylococcal property 
 
According to data from the World Health Organization (WHO), 

millions of patients suffer from bacterial infections per year [46]. 
Staphylococcus aureus is the most lethal bacteria associated with 
wound infections, antibiotic resistance, and numerous severe complications 
[47-49]. Therefore, antibacterial activity is an essential property that 
should be considered for any materials with potential applications 
in wound dressing and biomedical settings. The antimicrobial activity 
against Staphylococcus aureus of three distinct fabricated hydrogel 
films, namely, SA, SA/AV, and SA/AV/MPE, was evaluated using the 
disk diffusion method [50]. The results revealed that the SA/AV/MPE 
hydrogel film exhibited noticeable antibacterial activity, as evidenced 
by a clear inhibition zone measuring 15 ± 1 mm. In comparison, the SA 
and SA/AV hydrogel films exhibited unobservable inhibitory effects 
on bacterial growth, as indicated by the bacterial growth extending to 
the edge of the 6 mm disk, as shown in  

Statistical analysis demonstrated that, although the inhibition zone 
of SA/AV/MPE was smaller than that of the penicillin control (p ≤ 

0.01), it was significantly greater than those of both SA and SA/AV 
hydrogel films (p ≤ 0.001). The absence of a statistically significant 
difference between the SA and SA/AV formulations indicated that 
the incorporation of aloe vera alone did not confer measurable anti-
staphylococcal activity. In contrast, the marked increase in the inhibition 
zone observed following the addition of MPE highlights its critical role 
in enhancing the anti-staphylococcal performance of the composite 
hydrogel, as shown in Figure 6. The observed antibacterial effect 
is attributable to the presence of bioactive compounds constituents in 
MPE, such as xanthones, tannins, and phenolic acids, which have been 
previously reported with antimicrobial properties [51-53]. Summarily, 
these results illuminated the potential of SA/AV/MPE hydrogel film 
as a functional material for applications in wound dressing and other 
biomedical settings. 
 
4.  Conclusions 

 
The SA hydrogels and their blends showed that the 10% w/v can be 

processed via a cast film process. A morphological analysis of the films 
exhibited excellent dispersion between SA and AV but resulted in 
a heterogeneous structure when the MPE was composited. FTIR 
analysis indicated almost the same band between SA and AV, but 
a slight difference in MPE-cooperated films. It also promoted that 
the lower polar functional groups of OH in FTIR resulted in a lower 
water absorption of hydrogel blends and composites. However, the 
deeply investigate into crosslinking details is available for future work. 
This point can promote better dispersion, while the easy processable 
should be maintained. The mechanical analysis showed that the SA/AV 
film exhibited improved mechanical properties, but the elongation 
decreased when the MPE was incorporated. Thermal properties 
revealed that the AV and MPE led to decreases in Tg and Tm, as all 
of the hydrogels showed non-crystalline polymer characteristics. 
However, the thermal degradation was improved when AV and MPE 
were additionally composed. In addition, the antibacterial testing 
demonstrated a favorable enhancement when MPE was introduced 
into the SA/AV hydrogel film sheet. Summarily, the results indicated 
that the SA/AV/MPE composite film represents a promising alternative 
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material for applications in bandages, wound dressings, and other 
biomedical materials. 
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