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ABSTRACT

This study investigates PVA-based films with the addition of gambir and heat treatment to improve the
characteristics of the film. Methods include the synthesis of PVA film with gambir addition (0.5%), treated
by heat treatment for 40 minutes and 60 minutes. The film was characterised by physicochemical,
mechanical properties, and biodegradability. Data was analyzed using ANOVA with a significance of 95%.
Results indicate that the surface of PVA/gambir films is smoother and more homogeneous as the heat
treatment duration increases. New peaks of functional groups were identified after the addition of gambir
at the C-C and C-O groups. After heat treatment for 40 minutes, the film increases in crystallinity index,
hydrophilicity, and the PVA/Gambir provides UV-A protection. Gambir addition does not significantly
change hydrophilicity, whereas heat-treatment duration does. The biodegradation of PVA/Gambir (0.5%)-
H40 film shows the highest biodegradation value of 18.66% on the 16th day. Gambir addition, heat-
treatment duration and time period each significantly affect biodegradability. The PVA/Gambir film with
40 minutes of heat treatment had the highest tensile strength of 47.82 N/mm? and elongation of 25.24%.
However, the addition of gambier and heat treatment did not significantly affect tensile strength. The
addition of gambier did not significantly affect elongation, but heat treatment had a significant effect.

Copyright © 2025. Journal of Mechanical Engineering Science and Technology.
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I. Introduction

Plastic packaging made from petroleum-based polymers has attracted considerable
interest. However, the use of these materials in large quantities has caused serious
environmental problems [1]. This issue has sparked considerable interest among researchers
in developing biodegradable polymers. One biodegradable polymer that has attracted
significant attention is polyvinyl alcohol (PVA). PVA is a semi-crystalline synthetic
polymer having properties of biodegradable, non-toxic, and water-soluble [2]. PVA is
widely used in various applications such as textiles, adhesives, and food packaging [4]. PVA
is completely degraded into CO2 and H20 in wastewater and soil through microorganisms
[5]. However, despite the excellent characteristics of PVA, it has poor ultraviolet (UV)
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protection, high water absorption, thermal properties, and mechanical properties [6]—[8].
Therefore, to reduce these weaknesses and improve the characteristics, PVA films can be
improved by adding fillers such as [9], chitosan [10], cellulose [11], and extracts from plants
containing phenolic compounds, one of which is gambir [12].

Indonesia is one of the biggest gambir producers in the world, with 19,825 tons and a
total plantation area of 32,000 hectares in 2023 (Directorate General of Plantations,
Indonesia, 2023). Gambir extract contains a main compound called catechin (a type of
phenolic compound), which acts as an antioxidant and antimicrobial [13],[14]. The
substances contained in gambir extract can facilitate chemical bonds in the PVA framework,
resulting in better intermolecular relationships and a more orderly structure [15]. Guan et al.
[16] show that the addition of natural polyphenol compounds to PVA-based films can
improve crystallinity, mechanical properties, and thermal properties through hydrogen
bonding. Zhang et al. [17] found that adding polyphenol compounds derived from tea to
PVA/Pullulan/Nano-cellulose-based films can improve thermal properties, hydrophobic
properties, and UV absorption. Rahmadiawan et al. [18] was found that PVA with the
addition of gambir (1%) and zinc oxide can improve UV properties, antibacterial properties,
hydrophobicity, and mechanical properties. The combined effect of PVA and gambir shows
promising potential and supports environmentally friendly and sustainable materials.

The use of a combination of PVA and gambir using other methods to maximize their
existing advantages has not been widely researched. One method that can be used is heat
treatment. Heat treatment is one method for causing physical crosslinking between PVA
molecules through hydrogen bonds [3]. Heat treatment triggers physical crosslinking by
removing water, thereby reducing the distance between PVA chains and making the
hydrogen bond network between hydroxyl groups tighter and more regular [19]. Sau et al.
[3] found that a 40-minute heat treatment could improve the structural, mechanical, and
optical properties. This improvement may be due to crosslinking between molecules and
between intermolecularly in PVA as a result of heat treatment. Abral et al. [12] showed that
the addition of gambir (0.05%, 0.5%, and 1%) to PVA can improve UV and antibacterial
properties as well as mechanical properties. However, this study has not discussed heat
treatment methods and focuses more on gambir concentration. In a study conducted by
Rahmadiawan et al. [20], PVA/gambir film treated with heat for 40 minutes can improve
hydrophilicity, tribology properties, and hardness. Higher heat treatment durations have not
yet been extensively studied. Excessive increases in heat treatment duration can cause film
degradation, resulting in a decrease in film characteristics. Therefore, optimizing the
duration of heat treatment is very important in improving film characteristics.

However, studies on the addition of gambir and its combination with heat treatment
duration on PVA-based films to improve characteristics have not been widely discussed and
studied. Therefore, this study comprehensively examines the effect of adding gambir extract
and heat treatment in improving film characteristics. This study aims to characterize the
physicochemical, mechanical, and biodegradability of PV A-based films with the addition of
gambir extract (0.5%) and heat treatment duration (40 and 60 minutes).

II. Material and Methods

1. Materials

The gambir extract powder used in this study contained approximately 90% catechins.
The gambir extract powder was obtained from PT. Andalas Sitawa Fitolab, Indonesia.
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Distilled water (Onelab, Indonesia). The analytical grade PVA (99% hydrolysed) was
acquired from Sigma-Aldrich, Germany.

2. Preparation of PVA/Gambir Film

Dry gambir powder (0.5 wt.%) was combined with 100 mL of distilled water, then
stirred using a magnetic stirrer (Thermo Fisher Sci., USA) at 50°C and 500 rpm for 30
minutes in a 250 mL measuring cup (Pyrex, Indonesia). The stirred suspension is then
centrifuged (Oregon LC-04R, China) for 30 min at 500 rpm. The centrifuged suspension
was separated from the residue using filter paper. PVA powder was added to the gambir
solution at a 1:10 ratio, and the mixture was heated to 80°C and stirred at 500 rpm for 2
hours until gelatinization was achieved. For the next step, the PVA/gambir gel produced was
sonicated (LUH-103, UK) at 600 W for 5 minutes. The sonicated PVA/gambir gel was
placed in a petri dish. The PVA/gambir film was dried in an oven (Memmert UN110,
Germany) at 50°C for 22 hours. After the film was completely dry, the untreated
PV A/gambir film samples were stored in a desiccator (WH). The PVA/gambir film samples
to be heat-treated were further heated at 100°C for 40 and 60 minutes. The samples to be
characterized were labelled as follows: pure PVA film samples, namely PVA-WH
(untreated), PVA-H40 (40 min heat treatment), and PVA-H60 (60 min heat treatment). In
contrast, films with gambir addition were PVA/gambir (0.5%)-WH (untreated),
PVA/gambir (0.5%)-H40 (40 min heat treatment), and PVA/gambir (0.5%)-H60 (60 min
heat treatment). A schematic diagram of the PVA/gambir film preparation process is shown
in Figure 1, and the experimental design for this investigation is provided in Table 1.
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Fig. 1. Schematic of PVA/gambir film preparation

Table 1. Research design

Gambir content  Heat treatment duration
No Sample names

(wWt%) (minutes)
1. PVA-WH 0 0
2. PVA-H40 0 40
3. PVA-H60 0 60
4. PV A/gambir (0.5%)-WH 0.5 0
5. PV A/gambir (0.5%)-H40 0.5 40
6. PV A/gambir (0.5%)-H60 0.5 60
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3. Identification of Surface Morphology

Identification of surface morphology on film samples was performed using Scanning
Electron Microscope (SEM) (FEI, Japan) with 1,000x magnification.

4. Identification of Functional Groups

Identification of functional groups in film samples was recorded using an FTIR model
Prestige 21 (Shimadzu Instrument, Japan) at a wavelength of 500-4000 cm™.

5. Identification of Crystallinity Index

Identification of the crystallinity index in film samples was performed using X-ray
diffraction (XRD). XRD testing was performed using PANalytical X’Pert Pro (Malvern
Panalytical, UK) (A = 1.54) at a diffraction angle of 20 = 10° to 90°. The crystallinity index
(CI) of the film sample is to be calculated using Eq. (1) [21] :

CI (%) = U%) N 11 R TR (1)

Where: Ir is the intensity peak of the base band at 20 = 18.5° - 20° and Is is the intensity
peak of the secondary band at 20 = 28.0° - 28.5°.

6. Ildentification of Hydrophilicity

Identification of hydrophilicity using water contact angle measurements on film
samples was performed according to the ASTM D7334 method, with assistance from ImageJ
software. Water was dripped onto the film surface using a micropipette (TOPSCIEN, China)
with a drop volume of 10 uL. Water was dropped onto the film surface and photographed
as it touched the film surface. The contact angle measurement on the sample was repeated
three times at different points. Statistical analysis of water contact angle was performed
using two-way ANOVA with a significance level of 95%.

7. Identification of UV Protection

Identification of UV protection in film samples was performed using a UV-Vis
spectrophotometer (Analytic Jena Specord 200 Plus, Germany) in the range of 200-1100
nm. Samples were prepared in sizes of 50 mm x 50 mm.

8. Identification of biodegradable

The biodegradability of the film was observed for 16 days using a soil burial test with
4-day intervals. The soil used has a pH of 6-8 and a soil moisture content of 60-90%,
measured using an intelligent soil detector (Juanjuan, China). Samples were prepared in 1.5
cm pieces and weighed before and after testing. The test was repeated three times for each
sample. The weight loss was determined using Eq. (2):

Weight Loss (%) = WWJ X 100 coveeeeeeeeeeeeeeee oo s )

It can be seen that Wo is the initial weight before testing, and W1 is the final weight after
testing. Statistical analysis of biodegradability was performed using two-way ANOVA. P-
values less than 0.05 were considered statistically significant.

9. Identification of Tensile Properties

The tensile properties of the film were determined in accordance with the ASTM-D638
standard using a tensile tester (JTM-UTC 10, Taiwan), with a triplicate sample. Data was
analysed using two-way ANOV A with a significance level of 95%.
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I1I. Results and Discussions
1. Identification of Surface Morphology

Figure 2 shows the surface morphology of pure PVA film samples and PVA/gambir
films with different heat treatment durations. The PVA-WH film sample shows a rough,
uneven surface morphology and contains particles that are not evenly mixed (Figure 2a).
This may be caused by relatively weak intermolecular forces between the PVA chains [22].
In addition, the PVA/gambir-WH film samples also had a rough, uneven surface
morphology and contained particles that were not evenly mixed due to changes in
microstructure characteristics. The addition of gambir extract affects the roughness of the
film surface due to the interaction between PVA molecules and gambir extract. Ismayati et
al. [23] found that tannin compounds added to the PVA matrix made the film surface
rougher. Film samples that were heat-treated for 40 minutes (Figures 2.b and ¢) showed a
smooth surface morphology, but there were still particles that were not evenly mixed. This
can be attributed to the fact that water evaporation during the heat treatment process can
result in an uneven surface [24], [25]. Increasing the heat treatment duration (60 minutes)
on the film resulted in a smooth and even surface morphology (Figures 2.c and f). This
change is attributed to the heat treatment, which optimized the crosslinking process between
PVA chains and between PVA and gambir. A higher level of crosslinking of molecular
chains due to heat treatment can form a denser network structure [26]. The optimal duration
of heat treatment can support the completion of the crosslinking reaction [27].

PVA-WH v PVA-H40 PVA-H60
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PVA/Gambir (0.5%)-WH PVA/Gambir (0.5%)-H40 PVA/Gambir (0.5%)-H60
o e) ,f

Fig. 2. Surface morphology of PVA/gambir film samples

2. Identification of Functional Groups

Figure 3 shows the FTIR graphs of the pure PVA film sample and the PVA/gambir film
with different heat treatment durations. Based on the FTIR graph, there is an initial peak at
around 3000-3750 cm! indicating O-H stretching vibrations [28], [29]. The second peak at
around 2957.26 cm™ indicates C-H stretching vibrations [3]. In the PVA-H40 and
PVA/gambir (0.5%)-H40 samples, there is a peak at 2353.84 cm™!, which can be attributed
to carbon dioxide (COz) and does not originate from the chemical structure of PVA [30].
This result may be because heat treatment can increase the crystallinity of PVA and form
microvoids/fine cracks due to the shrinkage of bound water, causing the physical absorption
of COz from the air on the surface/pores of the film. The addition of gambir extract produced
new peaks at 1665.81 cm” and 1368.37 c¢cm’!, which represent C-C and C-O bonds
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originating from catechin and other polyphenol-based compounds [27]. This finding agrees
with the research by Abral et al. [14], which found that adding 1% gambir to PVA-based
films produced a new peak at approximately 1618 c¢m, associated with catechin
compounds. Meanwhile, the peak at 1151.50 cm™ can be associated with C-O stretching in
PVA [7]. The last peak at 862.39 cm™! corresponds to the C-C vibration peak in the main
chain of PVA [32], [33]. Heat treatment with different durations applied to all samples did
not produce new peaks. This is because heat treatment only supports the physical
rearrangement of polymer chains (hydrogen bonds) without forming new covalent bonds.
Sau et al. [3] also found that heat treatment for 40 minutes aligns interchain PVA molecules
through the formation of hydrogen bonds, which are generated by physical cross-links.
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Fig. 3. FTIR graph of PVA/gambir film samples

3. Identification of Crystallinity Index

Figure 4 shows the XRD graphs of the pure PVA film sample and the PVA/gambir film
with different heat treatment durations. Based on these patterns, it is known that all film
samples show the same diffraction pattern with strong peaks observed at around 20 = 19.6°
and two weak peaks in the range of 20 = 26.1° and 40.4°, which are defined by the lattice
planes (101), (200), and (202) [3],[12]. The peaks around 19° and 40° indicate the
semicrystalline nature of PVA [34],[35]. In the PVA-WH, PVA-H40, and PVA/gambir
(0.5%) film samples with various heat treatment durations, there was a peak in the range of
20 = 10.8° determined by the (100) lattice plane [2]. This peak indicates the crystalline
region in PVA [36]. Based on the data in Table 2, the highest Crystalinity Index (CI) was
observed in the PVA/gambir (0.5%)-H40 sample, with a value of 65.65%. PVA film samples
with gambir extract had higher CI values than the pure PVA film samples. This increase in
value is attributed to the polyphenol compounds in gambir, which contain many OH groups,
enabling interaction with PVA OH groups via crosslinking. This interaction causes the
polymer structure to become more regular and increase crystallinity [14].

On the other hand, the CI value percentage in the film sample increased after heat
treatment. The increase in CI value can be attributed to intramolecular and intermolecular
crosslinking that occurred as a result of the heat treatment. The crosslinking that occurred
can make the formation of structural units more regular [3]. Moreover, the heat treatment
applied can reduce the water content, thereby increasing crystallinity. This is confirmed by
the study conducted by Xiang et al. [32], which shows that an increase in heat treatment
duration (3-12 minutes) causes a decrease in the water content in the PVA film. The
reduction in water content in the film can cause the chains between PV A molecules (through
hydroxyl bonds) to become more regular, thereby increasing crystallinity. On the other hand,
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increasing the duration of heat treatment (60 minutes) causes a decrease in the CI value of
the sample. The decrease in CI value can be attributed to film degradation caused by
excessive heat treatment duration, which can inhibit the formation of more regular structural
units. Another study found that PVA film with a longer heat treatment duration can reduce
the CI value from 88% (40 minutes of heat treatment) to 72.2% (60 minutes of heat
treatment)[3].
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Fig. 4. XRD graph of PVA/gambir film samples

Table 2. Crystallinity index of PVA/gambir film samples

Sample name Crystallinity index (CI) (%)
PVA-WH 50.02
PVA-H40 65.52
PVA-H60 59.63
PVA/gambir (0.5%)-WH 55.43
PVA/gambir (0.5%)-H40 65.65
PVA/gambir (0.5%)-H60 65.09

4. Identification of Hydrophilicity

Figure 5 shows the water contact angle of the pure PVA film sample and the
PV A/gambir film with different heat treatment durations. Based on the histogram, it can be
seen that all samples are hydrophilic materials. The hydrophilic material is a material that
has a contact angle value in the range of 0° < 0 < 90°, while the contact angle of the
hydrophobic material is in the range of 90° <6 < 180° [37]. The results of the water contact
angle measurement show that pure PVA film increased from 22.99° (PVA-WH) to 39.52°
(PVA-HG60) after heat treatment. This increase also occurred in PVA films with the addition
of gambir extract, namely from 18.45° (PVA/gambir (0.5%)-WH) to 41.80° (PVA/gambir
(0.5%)-H60) after heat treatment (Figure 6). This indicates that hydrophobicity increases
with increasing heat treatment duration. The increase in contact angle can be caused by an
increase in polymer crosslinking, which results in a decrease in the quantity of hydrophilic
-OH groups. A similar study by Rahmadiawan et al. [20], reported that heat treatment of
PV A/gambir (1%) based films can increase hydrophobicity from 14° (without treatment) to
26° (40 minutes of heat treatment). In addition, the addition of gambir extract also affects
the water contact angle value because the crosslinking process that occurs can increase the
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intensity of hydrogen bonds between PVA chains, as well as between PVA chains and
gambir, thereby reducing hydrophilicity. Two-way ANOVA analysis shows that the
addition of gambir does not significantly affect hydrophilicity (F(1,14) = 0, p-value > 0.05),
while the duration of heat treatment significantly affects hydrophilicity (F(2,14) = 34.78, p-
value < 0.05).

PVA-WH PVA-H40 PVA-H60

Fig. 5. Water contact angle of PVA/gambir film samples

C1PvAWH
1 PvA-H40
70+ [ PvA-HED
1 PVA/Garmbir (0.5%)-WH
[E=1 PVA/Gambir (0.5%)-H40
__ 604 T PvA/Gambir (0.5%)-H60
@D 50
2 39.52 418
<L 404 31.64 T T
] I 34.17
£ 1
c 304 2299 1
8
20T 18145
10 4
0
Sampel

Fig. 6. Histogram of average values of water contact angle of PVA/gambir film samples

5. Identification of UV Protection

Figure 7 shows photographs of pure PVA and PVA/gambir film with different heat
treatment durations. Pure PVA-WH, PVA-H40, and PVA-H60 films are visually the most
transparent. The addition of gambir causes the film samples to turn yellow, but the university
logo is still easily visible. The color change that occurred can be attributed to gambir, which
contains tannin compounds. Tannin compounds can produce colors ranging from yellowish
white to brown [23]. Figure 8 shows a graph of light transmission across a wavelength range
of 200-1100 nm in pure PVA film samples and PVA/gambir films with different heat
treatments. Based on Figure 8, the PVA/gambir film sample graph has the highest UV light
absorption capacity.
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Fig. 8. Light transmission graph of PVA/Gambir film samples

PV A/gambir film samples have 100% UV absorption. The UV spectrum under sunlight
is categorized into three types, namely UV-C (220-280 nm), UV-B (280-320 nm), and UV-
A (320-400 nm) [38]. Figure 8 shows that all PVA/gambir film samples have UV-A
protection, while all pure PVA film samples have UV-C protection. The improved UV
protection can be associated with phenolic compounds derived from the catechin content in
gambir. Phenolic compounds have a chromophore structure that can easily absorb UV
radiation [39]. The UV protection properties derived from phenolic compounds can be
obtained because of the ability to absorb certain wavelengths of light, causing the promotion
of electrons to a higher energy level in their molecular structure. This ability comes from
aromatic rings or conjugated double bonds that have strong absorption in the UV region
[40]. These findings were proved by Zhai et al. [41], which shows that composite films
containing tannins that include polyphenols have good UV light absorption. This indicates
that a PVA film containing gambir extract can be used for packaging applications requiring
UV protection, thereby extending food shelf life. In addition, heat treatment applied to all
pure PVA film samples and PVA/gambir film samples did not significantly improve UV
protection.
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6. Identification of Biodegradable

Figure 9 shows the biodegradability histogram of the pure PVA film and PVA/gambir
with different heat treatment durations. Based on the histogram, it is known that all samples
show an increase in the average weight reduction value from the 4th day to the 16th day.
The PVA/gambir (0.5%)-H40 film sample has the highest average weight reduction
(biodegradable) value on the 16th day, which is 18.66%. PVA film samples with gambir
addition had higher weight reduction values than the pure PVA film at each day. This can
be attributed to gambir extract, which is a natural biomaterial. Natural biomaterials are
susceptible to degradation, and the degradation process can damage the intermolecular
polymer chains of PVA, thereby accelerating and hastening the degradation of PVA. Xu et
al. [42] found that PVA films mixed with natural polyphenol compounds derived from tea
had a higher biodegradation rate than pure PVA films. The film samples with a longer heat
treatment duration (60 minutes) showed a decrease in percentage value on the 16th day
compared to other samples. This may be because heat treatment can reduce the quantity of
hydroxyl groups on the film surface, thus improving its hydrophobic properties [10]. Water
and moisture in the soil activate the bacterial activities, which play an instrumental role in
the degradation process [43]. The rate of biodegradation is influenced by the composition of
the mixture of materials used by microorganisms, pH, temperature, oxygen, and particle size
distribution in the soil [44]. Two-way ANOVA analysis shows that the addition of gambir
(F(1,65)=203.57, p-value < 0.05), heat treatment duration (F(2,65) = 17.18, p-value < 0.05),
and day period (F(3,65) = 26.09, p-value < 0.05) have a significant effect on
biodegradability.
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Fig. 9. Histogram of biodegradable film samples: a) pure PVA, b) PVA/gambir

7. Identification of Tensile Properties

Figure 10 shows the histogram of tensile strength and elongation in pure PVA and
PVA/gambir films with different heat treatment durations. The PVA/gambir (0.5%)-H40
film sample has the highest tensile strength value of 47.82 N/mm? and elongation of 25.24%.
The tensile strength and elongation values improved after the addition of gambir extract.
This increase can be attributed to the interaction of PVA chains and phenolic compounds
derived from gambir, which can reinforce the polymer network through hydrogen bonding.
An increase in PVA-based films' tensile strength was also found after adding Bajakah
Tampala extract as a source of phenolic compounds [45]. This is supported by the fact that
the tannins contained in gambir extract can act as crosslinking agents due to their ability to
form complex bonds and interact with polymer chains [15]. An increase in tensile strength
also occurred in samples that were heat-treated for 40 minutes. This increase can be
attributed to the density of cross-links that occurred in the film as a result of the heat
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treatment [3]. Crosslinking can increase the mobility of polymer chains, causing changes in
intramolecular and intermolecular interactions [46]. However, at a higher heat treatment
duration (60 minutes), there was a decrease in tensile strength. This can be attributed to
thermal degradation in the film due to the high heat treatment duration [3]. In addition, heat
treatment causes an increase in elongation values along with an increase in heat treatment
duration. This increase can be attributed to heat treatment, which can rearrange the PVA and
PVA chains with gambir to form “physical anchors” that allow controlled stretching and
ultimately result in an increase in elongation values before breaking [15]. Two-way ANOVA
analysis shows that the addition of gambir (F(1,14) = 1.37, p-value > 0.05) and heat
treatment (F(2,14) = 1.22, p-value > 0.05) have an effect but are not significant on tensile
strength. Two-way ANOVA analysis shows that the addition of gambir (F(1,14) = 0.04, p-
value > 0.05) has a significant but insignificant effect on elongation, while the duration of
heat treatment (F(1,14) =4.03, p-value < 0.05) has a significant effect on elongation.
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Fig. 10. Histogram of a) tensile strength, b) elongation of PVA/gambir film samples

IV. Conclusions

In this study, PVA films with added gambir extract concentrations (0.5%) and heat
treatments (40 and 60 minutes) were reported. The PVA/gambir film obtained was analyzed
to determine its surface morphology, functional groups, crystallinity index, hydrophilicity,
UV protection, biodegradability, and tensile properties. The surface morphology of the
PV A/gambir film became smoother and more homogenized as the heat treatment duration
was increased. The addition of gambir to PVA film caused the formation of new functional
groups, namely C-C and C-O, which originated from compounds contained in gambir. The
crystallinity index of PVA/gambir film increased with increasing heat treatment duration up
to 40 minutes. The hydrophilicity of the PVA/gambir film increased with increasing heat
treatment duration. Statistical testing showed that the addition of gambir did not significantly
affect hydrophilicity (p-value > 0.05), and heat treatment affected hydrophilicity (p-value <
0.05). PVA/gambir film has better UV (UV-A) protection compared to pure PVA film, but
the duration of heat treatment does not significantly affect UV protection. Better UV
protection can be attributed to the polyphenol compounds contained in gambir extract.
PVA/gambir film with a heat treatment duration of 40 minutes showed the highest
biodegradation rate of 18.66% in the 16th period. Statistical testing shows that the addition
of gambir, the duration of heat treatment, and the time period have a significant effect on
biodegradability (p-value < 0.05). The tensile properties of the PVA/gambir (0.5%)-H40
film sample had the highest tensile strength value of 47.82 N/mm? and elongation of 25.24%.
However, the addition of gambir and the duration of heating did not significantly affect both
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tensile strength (p-value > 0.05) and elongation (p-value > 0.05), but the duration of
treatment did (p-value < 0.05). The findings indicate that the addition of gambir and heat
treatment to PVA-based films can improve their characteristics and provide a solution for
environmentally friendly and sustainable packaging.
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