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Abstract. The development of active pharmaceutical packaging based on biodegradable materials
is an important strategy to reduce dependence on single-use plastics and their environmental
impact. Polyvinyl alcohol (PVA) is a potential biodegradable polymer, but it has limitations in
terms of exposure to ultraviolet (UV) radiation and microbial contamination. This study aims to
develop a modified PVA film with methanol-soluble phenolic extract of Spatholobus littoralis Hask
as active pharmaceutical packaging with UV protection, antioxidant, and antibacterial functions.
The phenolic extract was obtained through a maceration method using methanol as a solvent,
while the PV A film was fabricated using the solution casting technique. The PVA film was modified
with varying concentrations of phenolic extract of 0, 1.25, 2.5, and 5wt% (PPE(, PPEI.25,
PPE2.5, and PPES), then evaluated for its UV protection properties, antioxidant activity, and
antibacterial activity. The results showed that the addition of S. littoralis phenolic extract was able
to increase the ability of PVA films to block UV radiation completely (100%) in the 200—400 nm
wavelength range. Antioxidant activity testing using the DPPH method showed an increase in free
radical scavenging ability as the concentration of phenolic extract increased. In addition, the
modified PVA film showed significant antibacterial activity against Staphylococcus aureus and
Escherichia coli. These findings indicate that S. littoralis Hask phenolic extract has potential as a
natural bioactive agent in the development of environmentally friendly and multifunctional active
pharmaceutical packaging, with dual protection capabilities against UV degradation and
microbial contamination. This research makes an important contribution to the development of
sustainable pharmaceutical packaging materials based on renewable natural resources.
Keywords: Polyvinyl Alcohol (PVA) Film; Phenolic Extract; Pharmaceutical Packaging; UV Protection,
Antibacterial Activity.
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1. Introduction

The pharmaceutical industry is experiencing rapid growth in response to increasing demands
for safer, more efficient, and sustainable packaging systems. One of the major challenges currently
faced is the extensive use of single-use plastics, which contributes significantly to global
environmental pollution and may adversely affect the quality and stability of pharmaceutical
products. The widespread application of petroleum-based plastics in pharmaceutical packaging
poses serious environmental concerns due to their non-biodegradable nature and prolonged
persistence in the environment, leading to the accumulation of plastic waste [1,2]. As global
awareness of environmental sustainability continues to increase, the development of
environmentally friendly packaging alternatives that can comply with the stringent requirements
of pharmaceutical applications has become increasingly urgent [3.4].

Biodegradable polymers, such as polyvinyl alcohol (PVA), are increasingly being developed
as potential alternatives to conventional plastics. PVA is a synthetic polymer that is water-soluble
and known to have high levels of biodegradability, biocompatibility, and flexibility, making it very
suitable for use as a packaging material [5,6]. This material has been widely used in various
industrial sectors, including the pharmaceutical field, particularly in the manufacture of film
coatings, drug delivery systems, and packaging materials. PVA's ability to degrade naturally
without producing harmful residues makes it an attractive option in the development of sustainable
materials [7]. However, PVA has limitations, mainly due to its sensitivity to environmental factors
such as exposure to ultraviolet (UV) radiation and microbial attack, which can limit its application
in certain conditions [8,9]. In the context of pharmaceutical packaging, material durability and
protection against external influences are crucial to ensure the quality, safety, and effectiveness of
packaged products [10].

One method that can be used to improve the performance of PVA films is to modify them
using natural bioactive compounds, such as phenolic extracts derived from plants [ 11,12]. Phenolic
compounds are known to have antioxidant activity [13]. They also have the ability to absorb
ultraviolet (UV) radiation [14,15]. In addition, phenolic compounds also have antimicrobial
properties. This makes them very promising for use in various fields, including food preservation,
cosmetic products, and pharmaceutical packaging [16,17]. Previous studies have demonstrated
that the incorporation of plant-derived bioactive compounds into PVA films can significantly
enhance their functional properties. The addition of Uncaria gambir extract has been reported to
provide effective ultraviolet protection to PVA-based films [18]. Similarly, the incorporation of
tannin compounds has been shown to improve the antioxidant activity of PVA films [19].
Furthermore, the integration of tea polyphenols into the PVA matrix has been reported to impart

antimicrobial properties to the resulting films [20]. However, differences in the solubility of
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bioactive extracts prior to mixing with PVA affect the functional characteristics of the modified
film.

Previous studies have shown methods of combining bioactive compounds with PVA
matrices. PVA films modified with bioactive extracts from bay leaves dissolved in methanol
improve UV blocking, antioxidant, and antibacterial properties [21]. This study focuses on the use
of Spatholobus littoralis Hask (Bajakah Tampala), a plant found in Southeast Asia, especially in
the forests of Kalimantan, Indonesia. This plant was chosen because of its high content of bioactive
compounds, such as flavonoids and phenolic acids [22]. These bioactive compounds are known
for their high antioxidant and antimicrobial activity, as well as their ability to effectively absorb
ultraviolet radiation [16,23]. Therefore, the addition of Bajakah Tampala phenolic extract to PVA
film with methanol as a solvent is expected to improve the performance of pharmaceutical
packaging by providing double protection against UV exposure and microbial contamination.

To the best of the authors’ knowledge, there have been no reported studies on the
development of modified poly (vinyl alcohol) (PVA) films incorporating phenolic extracts from
Spatholobus littoralis Hask dissolved in methanol. Accordingly, this study offers a novel approach
to the development of active pharmaceutical packaging materials that require enhanced functional
performance. The objective of this work is to fabricate PVA films enriched with Spatholobus
littoralis Hask phenolic extract (PE) as a bioactive component to address the increasing demand
for pharmaceutical packaging with additional functional properties. This study systematically
investigates the potential of Spatholobus littoralis Hask phenolic extract to improve the
characteristics of PVA films, particularly in terms of ultraviolet radiation shielding, antioxidant
activity, and antibacterial efficacy. Furthermore, by evaluating the performance of modified films
at various phenolic extract concentrations (0, 0.125, 2.5, and 5 wt%), this study aims to identify
the optimal loading level that maximizes functional enhancement while preserving the suitability
of the films for pharmaceutical packaging applications. The selected concentration range was
designed to enable a comprehensive assessment of the effect of phenolic extract content on film

performance and to determine the most effective formulation.

2. Materials and Methods

2.1 Materials

Spatholobus littoralis Hassk. (Bajakah Tampala) was collected from the forests around
Palangkaraya in Central Kalimantan. Polyvinyl alcohol (PVA, Mw 89,000-98,000 g/mol, 99%
hydrolysed) was purchased from Sigma-Aldrich Pte Ltd in Singapore. 96% methanol was provided
by Andeska Laboratory in Padang, Indonesia. Distilled water was provided by the Biota Sumatera
Laboratory at the Faculty of Pharmacy, Andalas University.
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2.2 Preparation of Phenolic Extract (PE)

After drying the fresh roots of Spatholobus littoralis Hassk for 72 hours and cutting them
into 1 cm cubes, the next step was taken. The pieces were mixed in a dry state using a Philips
blender. Next, 400 g of Spatholobus littoralis Hassk powder was soaked in 1,600 ml of methanol
for 48 hours, after which it was filtered using filter paper. The liquid extract of Spatholobus
littoralis Hassk (PE) was obtained by concentrating the methanol extract using a rotary evaporator.
2.3 Preparation Pure PVA Film

A total of 10 g of polyvinyl alcohol (PVA) was dissolved in 100 mL of distilled water. The
mixture was then heated using a magnetic stirrer (Scilogex MS-H280-Pro) at a temperature of
80 °C with a stirring speed of 500 rpm for 2 hours until complete gelatinization was achieved. The
resulting gel solution was then subjected to ultrasonication using a 1200 W SJIA sonicator probe
at 360 W for five minutes, to improve homogeneity and remove air bubbles. After ultrasonication,
the solution was poured into Petri dishes and dried in a vacuum oven at 50 °C for 20 hours, until
a pure PVA film formed [24].

2.4 Preparation of PVA/PE (PPE) Biocomposite Film

Phenolic extract from Spatholobus littoralis (PE) was mixed into a polyvinyl alcohol (PVA)
gel at concentrations of 0%, 1.25%, 2.5% and 5% of the gel's total weight. The resulting films
were labelled PPEO, PPE1.25, PPE2.5 and PPES. Each PE concentration was initially dissolved in
30 ml of technical methanol using a magnetic stirrer at 200 rpm for 30 minutes at room temperature
to obtain a homogeneous dispersion [21]. The solution was then centrifuged at 2,000 rpm for 10
minutes and the resulting supernatant was filtered to remove any insoluble particles or solid
residues. Meanwhile, 10 g of pure PVA was dissolved in 100 ml of distilled water, stirred at 80 °C
for two hours at 500 rpm, and stirred until a uniform gel solution formed. The PE supernatant
produced by filtration was then gradually added to the PVA gel while stirring continuously at
70 °C for two hours. This heating process ensured optimal mixing and facilitated the evaporation
of methanol from the system. The resulting biocomposite gel was ultrasonicated for 5 minutes at
600 W using a probe sonicator (SJIA, 1200 W) to improve the homogeneity of the dispersion and
remove air bubbles. The final gel mixture was poured into glass Petri dishes and dried in an oven
at 50 °C for 20 hours to form a solid PVA/PE film. All resulting films were stored in a desiccator
at 50% relative humidity prior to further characterisation.

2.5 Phytochemical and Antioxidant testing

Phytochemical tests were conducted to identify the presence of major bioactive compounds
in the plant extracts. The qualitative analysis of these compound groups was performed using
several standard methods: the magnesium chloride reduction test for flavonoid detection; the ferric

chloride test for identifying phenolic compounds; the Liebermann—Burchard test for steroids; the
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foam formation test for saponins; and the Mayer and Wagner tests for detecting alkaloids. In
addition to qualitative analysis, total phenolic content was determined quantitatively using the
Folin—Ciocalteu method with gallic acid as the standard compound and total flavonoid content was
analysed using the aluminium chloride (AlCls) colorimetry method with quercetin as the standard
compound. All absorbance measurements were performed using an Agilent Cary 8454 UV—Vis
spectrophotometer [25,26]. Furthermore, the antioxidant activity of PPE films was evaluated using
the DPPH free radical scavenging method at a concentration of 0.2 mM to assess their ability to
capture free radicals.
2.6 UV Blocking Test

The transparency and light transmission properties of the film were tested using a Shimadzu
UV-1800 UV—Vis spectrophotometer in the wavelength range of 200—800 nm, in accordance with
the ASTM D1003-00 standard (Standard Test Method for Haze and Luminous Transmittance of
Transparent Plastics). Prior to testing, PPE film samples were cut into rectangles measuring 10 x
25 mm. Each sample was analysed to determine its ultraviolet and visible light transmission
capabilities, and all measurements were repeated three times to ensure the reliability and
consistency of the obtained data.
2.7 Antibacterial Test

Antibacterial activity testing was performed using the disk diffusion method, with nutrient
agar (NA) serving as the test medium. The test bacteria (Staphylococcus aureus ATCC 29213 and
Escherichia coli ATCC 25922) were first revitalised by incubating them in an agar medium at
37 °C for 18 hours. Next, a bacterial suspension was prepared in a physiological NaCl solution to
achieve a turbidity equivalent to the 0.5 McFarland standard. Then, 100 pL of the bacterial
suspension was inoculated onto the surface of the NA medium and spread evenly. PPE film
samples containing varying concentrations of phenolic extract (0, 1.25, 2.5 and 5wt%) were placed
on the inoculated medium. All tests were conducted in triplicate to ensure the reliability of the
results. The test medium was then incubated at 37 °C for 18 hours [27]. This method is based on
the principle that the active compounds in the film diffuse into the solid medium containing the
test bacteria. The formation of a clear inhibition zone around the film sample indicates antibacterial

activity, characterised by the inhibition of microbial growth [28].

3. Results and Discussion

3.1 PE characteristics
The results of phytochemical analysis of Spatholobus littoralis phenolic extract (PE) showed
the presence of various potentially bioactive secondary metabolites, including phenolic

compounds such as flavonoids and phenols, as well as alkaloids, terpenoids, steroids, and saponins,
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as summarized in Table 1. The presence of these diverse compounds indicates that PE extract has
a complex phytochemical composition and has the potential to provide broad biological activity.
These compounds are known to play an important role in the natural defense mechanisms of plants
and are often associated with antioxidant and antimicrobial activities, making them relevant for
application in the development of functional materials, including biopolymer-based
pharmaceutical packaging.

Table 1. Bioactive Compounds of PE

Sample Flavonoid Phenol Alkoloid Terpenoid Steroid Saponin
A + + + + + ks
B + + + + + +

Phenolic compounds, which are generally classified as polyphenols, are characterized by an
aromatic ring structure containing one or more free hydroxyl groups (—OH) or their derivatives,
such as esters, ethers, and glycosides [29,30]. This chemical structure allows phenolic compounds
to interact effectively with the cellular components of microorganisms. The mechanism of their
antibacterial activity involves disruption of the bacterial cell wall and membrane through changes
in membrane permeability and denaturation of intracellular proteins. These interactions can result
in disruption of cytoplasmic function, inhibition of energy metabolism, damage to genetic
material, and inhibition of nucleic acid synthesis, which ultimately leads to inhibition of bacterial
cell growth or death [31,32].

3.2 UV Protection

PVA films modified with phenolic extract from Spatholobus littoralis (PE) exhibited
increased UV protection as the extract concentration increased. UV transmission test results
showed that unmodified films (PPEO) still allowed relatively high amounts of UV radiation to pass
through. By contrast, films containing the highest concentration of phenolic extract (PPES) were
able to block almost all UV radiation in the 200—400 nm wavelength range, indicating very high
UV protection efficiency (Fig. 1). This increase in ability correlates directly with the concentration

of phenolic compounds in the film matrix, which act as UV radiation-absorbing agents.
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Fig. 1. UV-Blocking PPE Films
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Fig. 2. Photograph of PPE Films

The decrease in film transparency observed with increasing phenolic extract concentration
(Fig. 2) suggests that the bioactive compounds in the extract play an active role in UV light
absorption. Although reduced transparency can affect the optical properties of the film, this
phenomenon is beneficial in the context of pharmaceutical packaging as it protects the product
from degradation caused by UV exposure. Phenolic compounds, particularly flavonoids and
phenols, have aromatic structures that effectively absorb ultraviolet radiation energy, thus
significantly improving the film's protective properties [18,33-35]. These findings align with
previous reports stating that integrating natural bioactive compounds into the polymer film matrix
increases UV protection and provides additional functions, such as antimicrobial activity.
Therefore, PVA films enriched with phenolic extracts of S. littoralis Hask show great promise as

environmentally friendly, multifunctional pharmaceutical packaging materials [16,23].

25



Kadriadi et al. Journal of Fibers and Polymer Composites Vol. 5 No. 1 (2026): 19-30

3.3 Antimicrobial and Antioxidant activity

PVA films modified with Spatholobus littoralis phenolic extracts exhibited excellent
antibacterial activity against both Gram-positive and Gram-negative bacteria. The disk diffusion
test revealed that increasing the phenolic extract concentration significantly enhanced bacterial
growth inhibition. The film with the highest extract concentration (PPES) produced the largest
zone of inhibition: 39.1 mm against Staphylococcus aureus and 32.8 mm against Escherichia coli.
This confirms the strong antibacterial effectiveness at a concentration of 5% (see Table 2). By
contrast, pure PVA film without added extract (PPEO) exhibited no significant antibacterial
activity, as evidenced by the absence of inhibition zones around the sample (Fig. 3). Films
containing lower extract concentrations (PPE1.25 and PPE2.5) exhibited antibacterial activity,
albeit with smaller inhibition zones. This indicates a direct relationship between phenolic

compound concentration and bacterial inhibition effectiveness.

S. aureus E. coli

Fig. 3. Antibacterial performance PPE Films

The difference in the level of inhibition observed between S. aureus and E. coli can be
attributed to the difference in the structure of their cell walls. S. aureus is a Gram-positive
bacterium with a relatively thick peptidoglycan layer but no outer membrane, making it more
susceptible to penetration by phenolic compounds. In contrast, E. coli is a Gram-negative
bacterium with an outer layer containing lipopolysaccharides that can act as an additional barrier
to the diffusion of bioactive compounds. It is thought that the antibacterial mechanism of S.
littoralis extract involves interaction between the active compounds and the bacterial cell
membrane. This results in disruption to the integrity of the cell structure, increased membrane
permeability and denaturation of important proteins and enzymes involved in cellular metabolism.
Ultimately, this leads to inhibited growth or bacterial cell death [36].

In addition to its antibacterial activity, the modified PVA film exhibits significant
antioxidant activity, as demonstrated by testing using the DPPH method. The film's ability to

capture free radicals increases with higher concentrations of phenolic extracts, highlighting the
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crucial role of phenolic compounds as electron or hydrogen atom donors [37,38]. This antioxidant
activity provides additional benefits, such as protecting the film and packaged pharmaceutical
products from oxidative degradation and increasing the physical and chemical stability of the film
during storage [10]. The combination of antibacterial and antioxidant properties confirms the PE
as natural bioactive agents in the development of PVA films. Offering multifunctional protection
against microbial contamination, oxidative stress and UV radiation exposure, this modified PVA
film is a highly promising candidate for safe, sustainable and environmentally friendly
pharmaceutical packaging applications.

Table 2. Antimicrobial and antioxidant activity of PPE
Inhibition zone diameter (mm)

Sample against microorganisms ICso (ppm)
EC SA
PPEO N/D N/D N/D
PPE1.25 29.51+0.8 31.12+1.6 5390.04+20.80
PPE2.5 31.33+0.9 36.67+1.4 716.09+0.76
PPES 32.77+0.4 39.10+£0.9 219.734+0.00
Ctrl + 23.63 25.69 N/D

4. Conclusions

Based on the results of this study, polyvinyl alcohol (PVA) films modified with phenolic
extracts from Spatholobus littoralis Hask show strong potential as environmentally friendly active
pharmaceutical packaging materials. Among the investigated formulations, the incorporation of 5
wt% phenolic extract was identified as the optimal concentration, providing the best overall
performance. At this level, the modified PVA film exhibited nearly complete ultraviolet radiation
blocking in the 200400 nm wavelength range, effectively protecting active pharmaceutical
compounds from photodegradation.

In addition, the film containing 5 wt% phenolic extract demonstrated the highest
antibacterial activity against Staphylococcus aureus and Escherichia coli, along with enhanced
antioxidant activity indicated by increased free radical scavenging ability. The combination of UV
protection, antibacterial efficacy, and antioxidant properties confirms that PVA films enriched
with S. littoralis phenolic extracts at an optimal concentration of 5 wt% offer an effective dual
protection system. These findings highlight their potential application as a safer, sustainable, and

efficient pharmaceutical packaging solution.
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