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Abstract—Active material-based food packaging has
lately gained prominence over conventional material-
based packaging. In order to generate novel active
composite films for packaging applications, tamarind
seed (T) and Indian gooseberry (G) extracts were added
to a polyvinyl Alcohol (PVA) matrix, applying a solvent-
casting process. The morphological, thermal, and
antioxidant activities of PVA-tamarind seed-Indian
gooseberry composite films were investigated to see if the
presence of tamarind seed and gooseberry extracts
affected the film's properties. The effect of T and G
concentration on the films' antioxidant capacity, water
resistance, and opacity was investigated. Additionally,
characteristics such as morphological features, thermal
behavior, and tensile strength have been addressed in
detail. The experimental findings demonstrated that
PVA/TG films developed with an evenly greenish and
brownish hue, high transparency, and potent antioxidant
properties. According to the results of moisture content
and water vapor permeability, the PVA film with TG
demonstrated somewhat higher water resistance,
especially at a low TG level (10 wt%). The tensile
strength of the PVA can be compounded by up to 10%
by weight of BT without noticeably degrading. Due to the
chemical interactions between PVA and TG and the
formation of charm at high temperatures, the PVA/TG
films demonstrated better thermal degradation behavior
than PVA alone. Food items that are prone to oxidation
by microbial attack may be preserved using films made
with higher antioxidant activity. According to the results,
there is a lot of opportunity for this product to be
evaluated for products that have additional value for
incorporation into functional packaging.

Index  Terms—Active Packaging, Biodegradable

Polymer, Antioxidant, Antibacterial, Packaging
material, Tamarind Sid powder, Indian gooseberry
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L INTRODUCTION

The widespread consumption of conventional
packaging produced from fossil fuels is resulting in
significant environmental issues. Despite not being
recyclable or biodegradable, this packaging is widely
used in many different applications. To replace
packaging materials derived from petroleum, there is
a growing need for environmentally friendly
packaging created from bio-based resources. Demand
for green packaging made from bio-based resources
continues to increase to replace petroleum-based
packaging materials [1], [2]. The most prevalent
innovation in packaging now is the creation of active
packaging with antimicrobial, anti-UV, and
antioxidant qualities. This is especially useful for food
and biomedical applications, as it effectively prevents
manufactured goods from degrading during storage,
display, and transportation procedures [3], [4]. PVA is
a linear synthetic polymer designed to be water
soluble, non-toxic, biocompatible, and biodegradable.
Due to its excellent film-forming capabilities and
suitable mechanical and thermal properties, PVA is an
excellent alternative for creating sustainable active
packaging materials [1], [2], [5]. It has been widely
reported recently that PVA can be used to make PVA-
based films with antibacterial and/or antioxidant
qualities by combining it with natural active
ingredients such as lignin [[6], [7], [7],[8] 10],
essential oils [9], [10], tomato by-product extract [7],
[10], and chitosan [4], [11], [12].

The seeds of tamarind [13] exhibit strong antibacterial
activity against a variety of harmful microorganisms.
Research has demonstrated that tamarind seed extracts
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efficiently suppress the growth of both Gram-negative
bacteria, such as Aeromonas hydrophila and
Pseudomonas aeruginosa, and Gram-positive bacteria,
such as Staphylococcus aureus and Bacillus cereus.
The bioactive components found in the seeds, which
include flavonoids, tannins, and unsaturated fatty
acids, have contributed to the antibacterial properties
[14]. These chemical compounds are thought to cause
the demise of bacteria by degrading their cell walls and
membranes. It has been found, for example, that
methanolic extracts of tamarind seeds prevent
Pseudomonas aeruginosa, a frequent pathogen linked
to nosocomial infections, from forming biofilms [15],
[16]. In addition, tamarind seed polysaccharides have
demonstrated antibacterial action against Escherichia
coli, indicating their potential as natural preservatives
or pharmaceutical agents [17]. The efficacy of these
extracts varies depending on the solvent used for
extraction, with methanol and ethanol extracts often
exhibiting higher antibacterial activity compared to
aqueous extracts [18]. The Indian gooseberry,
frequently referred to as amla (Phyllanthus emblica
L.), has remarkable antibacterial activity against a
variety of pathogenic microbes. Extractions from amla
fruits and leaves have been shown to be effective
against Gram-negative bacteria like Escherichia coli
and Klebsiella pneumoniae as well as Gram-positive
bacteria like Staphylococcus aureus and Bacillus
subtilis. [19]. Ellagic acid, quercetin, and gallic acid
are among the bioactive components found in amla
that are principally responsible for the antibacterial
activity. These compounds have been shown to
enhance the efficacy of conventional antibiotics such
as ampicillin [20]. These compounds appear to trigger
bacterial cell death by dissolving the cell walls of the
bacterium and blocking vital enzymes. Amla seed
methanolic extracts have also shown inhibitory effects
on bacteria that are resistant to many drugs, including
those that produce extended-spectrum [-lactamase
(ESBL) [21]. The extraction solvent affects the
effectiveness that these extracts are; methanol-based
extracts often have stronger antibacterial activity than
aqueous extracts [22]. Utilizing natural active
ingredients reduces the danger of potential toxicity by
migration when compared to synthetic active agents,
particularly in the fields of food packaging and
biomedical applications.

This work developed a PVA-based packaging film
with antioxidant capability using different amounts of
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extracts from Indian gooseberries and tamarind seeds
[23], [24], [25], [26], [27], [28], [29], [30], [31]. Using
a solvent casting method, PVA-Tamarind seed and/or
Indian gooseberry films were created. Thickness,
opacity, moisture content, water solubility, water
vapour permeability, antioxidant activity, tensile test,
thermal stability, and infrared spectroscopy were all
thoroughly specified as pertinent and significant
packaging characteristics. Additionally, the resultant
films' mechanical, morphological, thermal, and
chemical structures were determined.

II. MATERIALS AND METHODS

2.1. Materials

PVA, tamarind seed powder, Indian gooseberry
powder, and ethanol were purchased from the Science
Lab, Midford, Puran Dhaka, Bangladesh. PVA has a
hydrolysis degree of 98% and a degree of
polymerization around 1750 £ 50. 1,1-diphenyl-2-
picrylhydrazyl (DPPH, 96%) was bought from
Science Lab, Midford, Puran Dhaka. All other
materials were analytical reagents and used with
purification (96%).

2.2. Extraction

The antibacterial properties required for our active
package were extracted using tamarind seed powder
and Indian gooseberry powder. A combination of 5 gm
of tamarind seed powder and Indian gooseberry
powder with 100 ml of 75% ethanol solution,
respectively, was prepared. The solution was
transferred to an airtight conical flask, where it was
magnetically stirred at 40 C under 450 rpm for 2 hours.
It was cooled overnight for 12 hours in a UV chamber.
A 42 Whatman filter paper was used to separate the
extracts from their sediments.

2.3. Film Preparation

A 5% PVA solution was prepared at a constant
temperature (25°C) under magnetic stirring for 20 min
to ensure complete dissolution. PVA was mixed with
Tamarind seed extract and Gooseberry extract,
respectively, at weight ratios of 95:5 and 90:10,
combined at 90:5:5, and magnetically stirred for 20
min at constant temperature until complete
dissolution. Immediately, 20 mL of each film-forming
solution was cast onto a self-made glass plate (15.24
cm X 10.16 cm) and air-dried at room temperature.
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After 72 hours of incubation, the films were peeled off
for further use. The resulting films were termed PU
(control), PVA, PT5, PT10, PGS, PG10, and PT5G5
based on the Polythene (PU), PVA (P), Tamarind seed
(T), and Gooseberry extract (G) content.

2.4. Film Characterizations

2.4.1. Thickness
The thickness of each film was determined using a
screw gauge (Total brand) with a resolution of 0.001
mm. The thickness of each specimen was measured at
3 random positions, and the average thickness was
calculated [32].

2.4.2. Opacity Characteristics

The opacity of films was determined by measuring the
absorbance at a wavelength of 600 nm using a T80+
UV/VIS spectrophotometer (pg instruments Itd, UK)
according to the method of Wen et al. [35]. Each
specimen was cut into a rectangular strip with
dimensions of 4 cm x 1 cm and placed in a
spectrophotometer cell [33]. Each sample was
measured 3 times. The opacity was evaluated using
Eq. (1)

Opacity = Abs/x ... ... )

Where A is the absorption of film at 600 nm, and x is
the thickness of the film.

2.4.3. Moisture Content

Specimen sections of 1 cm x 1 cm were prepared for
the moisture content test. All samples were pre-
weighed (MO) and dried in an oven at 105°C to a
constant weight (M1). The film was kept at room
temperature for 72 hr. While conducting the test, the
room temperature was 27°C, and the Humidity was 46
% [33]. The moisture content (MC) of the films was
calculated using Eq. (2). Three replicates were

performed for each measurement.

MC (%) = SR )

2.4.4. Water Solubility

Each film was cut into 1 cm x 1 cm sections and
weighed (MO). The specimens were placed in distilled
water at room temperature for 24 h. Then, the films
were removed and dried to a constant weight at 105°C
(M1) [33]. At least three replicates were performed for
each measurement. The water solubility (WS) was
calculated based on Eq. (3):
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ws (96) = HEDHR 3)

2.4.5. Water Vapor Permeability

The water vapor permeability (WVP) was determined
after the method described by Peng et al. [34] and Wen
et al. [35] with the same modifications. The films were
cut into round pieces with 30 mm diameter and sealed
into test tubes (inner diameter: 15 mm, height: 125
mm) filled with 3 g granular anhydrous calcium
chloride. Then, the covered test tubes were placed in a
desiccator containing 1 L of distilled water, providing
RH gradients of 100%. An open test tube with only
calcium chloride was placed with the test sample as
the reference sample. The test tube was weighed every
12 hours for 3 consecutive days. Three test was
performed for each sample.

2.4.6. Antimicrobial Activity

The antifungal efficacy of polymer samples was
evaluated to determine their potential as antimicrobial
materials in packaging applications [36]. The
antifungal activity was assessed against common
fungal strains such as Aspergillus niger and Candida
albicans using agar diffusion and/or zone of inhibition
methods.

2.4.7. Releasing Tamarind extract and Indian
gooseberry extract content

Each sample (1 cm x 1 cm) was soaked in 30 mL
distilled water under magnetic stirring for 30 min (at
room temperature 27°C and humidity of 46%). The
absorbance of the obtained solution was measured at
275 nm using a T80+ UV/VIS spectrophotometer (pg
instruments Itd, UK). Three repetitions were tested for
each sample. The average of absorbances at 275 nm
(ABS, A = 275 nm) was calculated. Three repetitions
were tested for each sample.

2.4.8. Tensile Test

The specimens for tensile testing were cut into
rectangles of 50 mm in length and 10 mm in width.
The tensile test was performed at room temperature
(27 © C) and a relative humidity of 46% on a Zwick
Roell universal testing machine (model 5569,
Germany), operated according to ASTM D638-14 and
ISO 527-2 standards which provide guidelines for
determining the tensile properties of plastics, ensuring
global recognition and acceptance of the testing
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framework (ASTM International, 2014; International
Organization for Standardization, 2012). The
crosshead speed was set at 50 mm/min. Three
repetitions were tested for each sample.

2.4.9. Thermal Stability

The thermal behavior of the films was performed in 2
parts. In the first part, the tested samples (2cm x 2cm)
were boiled using a water bath from 30 to 100°C with
a constant heating rate of 10°C /min. In the second
part, the tested samples (2cm x 2cm) were heated using
an oven from 30 to 100°C with a constant heating rate
of 10°C /min. Each sample was tested 3 time and
average value and standard deviation found.

2.4.10. Infrared Spectroscopy
All films were characterized using a Spectrum Two
FT-IR Spectrometer (PerkinElmer) in an attenuated

total reflection mode in the range from 4000 to 500

cm L.

3.2. Opacity Characteristics

2
1.8
1.6
1.4

1.2

Film Opacity
=

0.

o I I

PU (reference) PVA

-]

o

4]

o
S

o]

N

PTS PG5

Sample

I1I. RESULTS AND DISCUSSION

3.1. Thickness
Table 1: Comparison of thickness between the
reference sample and experimental sample.

Ser Sample Thickness (mm) Rmk
AVG
1. PU 0.05+0.01
(reference)

2. PVA 0.08 £0.01

3. PT5 0.07 £0.01

4. PG5 0.06 +0.01

5. PT10 0.06 +£0.02

6. PG10 0.07 £0.01

7. PT5GS 0.07 £0.015

From the table 1, we can see that the experimental
sample thickness is slightly higher than the reference
sample. However, this small thickness change cannot
affect the results of different laboratory tests.

PT10 PG10 PT5G5

Figure 1: shows the opacity of films at a wavelength of 600 nm using a T80+ UV/VIS spectrophotometer (pg
instruments Itd, UK), according to 2.4.2.

The figure 1 shows that the opacity of the experimental
sample increases slightly with the increasing
concentration of the extract. The PU (reference)
sample showed opacity of 0.76, which is higher than
PVA film but lower than the other 5 samples. A higher
opacity value for polythene generally indicates that the
material is less transparent and scatters more light
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(PTS5SGS5 and PT10), resulting in an opaque
appearance. Conversely, a lower opacity value
suggests higher transparency (PVA, PTS, PGS),
allowing more light to pass through. While
transparency in food packaging can be desirable for
showcasing freshness and quality, a higher opacity
value (meaning the material is less transparent) is
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generally considered better for protecting food and
extending its shelf life. Opaque packaging blocks
light, which can degrade food products like fats, oils,
and certain vitamins. From our test results, it is clear
that for lower transparency, PT5G5 or PT10 can be
used, and for higher transparency, PG5 can be used.

3.3. Moisture Content
The moisture content behavior of the antioxidant
packaging films was systematically investigated

through a controlled and standardized procedure,
specifically employing a moisture content test. This
test aimed to assess the films' response to moisture
absorption, a critical parameter for evaluating their
potential applications in real-world scenarios. The test
was conducted on 2.4.3. And the result is found using
Equation (2).

Moisture Content Ratio

is8

16

14

iz

10

Swelling Ratio %

Z .
o
PTS

PU (reference) PVA

PG5 PT10 PG10 PT5GS
Sample

Figure 2: Moisture content test results of 7 sample

From figure 2 PU reference sample absorbed moisture
content is 4%. PVA film exhibited substantial
Moisture content, with a ratio of approximately
15.625%, indicating its notable moisture absorption
capacity. Films containing botanical extracts,
especially PG5 Film, displayed significant Moisture
content, 1.639%, and PG10 film displayed 1.098%
Moisture ~ content,  suggesting  that  higher
concentrations of extracts contributed to increased
hydrophilic properties. The film PT5GS exhibited a
moderate Moisture content ratio of 2.22%, indicating
a balanced response to moisture absorption. The PG10
Film displayed the lowest Moisture content, 1.098%.
The ability of packaging films to absorb moisture is a
critical factor in preserving the quality and shelf life of
food products. Excessive moisture within the
packaging can lead to issues such as microbial growth,
loss of product integrity, and compromised freshness.
On the other hand, an optimal level of moisture
absorption can prevent condensation, inhibit microbial
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proliferation, and maintain the food product's texture
and taste. Understanding the swelling behavior of
antioxidant packaging films, especially those
incorporating botanical extracts, allows for the
customization of packaging solutions based on
specific food preservation requirements. So the PG10
film is the best choice for the food packaging it
absorbed less moisture than the other 5 samples.

3.4. Water Solubility

The swelling behavior of the antioxidant packaging
films was systematically investigated through a
controlled and standardized procedure, specifically
employing a swelling test. This test aimed to assess the
films' response to moisture absorption, a critical
parameter for evaluating their potential applications in
real-world scenarios. The test was conducted on 2.4.4.
shown in Figure 3, 4, and the result is found using
Equation (3).
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Figure 3: Water solubility test results of different samples

3 -~ e —

Figure 4: measured weights of samples beforé and after swelling

The PU reference film exhibited very low swelling,
with a ratio of approximately 164%; the PVA film
exhibited substantial swelling, with a ratio of
approximately 412%, indicating its notable water
absorption capacity. Films containing botanical
extracts, especially PTS Film, displayed significant
swelling, 399%, and PT10 Film displayed 368%
swelling, suggesting that higher concentrations of
extracts contributed to increased hydrophilic
properties. The film PT5GS exhibited a moderate
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swelling ratio of 357%, indicating a balanced response
to water absorption. The PG5 Film displayed good
swelling, 231%, which will be near the PU reference
sample value, and a possible candidate for PU
alternative.

3.5. Water Vapor Permeability

The evaluation of water vapor permeability in the
antioxidant packaging films involved a meticulous
testing process to assess their barrier properties. The
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test was conducted according to 2.4.5. Procedure. The
films were sealed securely to eliminate any potential
leaks that might compromise the accuracy of the test.

Weight Increase Ratio
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0.02
0.015

0.01

0.005 -
o = =

PU PV PTS
(reference)

Weight increase %

PG5 PT10 PG10 PT5G5

Sample

Figure 5: Water vapor permeability of 6 sample.

From figure 5 throughout the test duration, the
reference and covered test tubes were closely
monitored. We investigate that the reference sample
weight increased slightly after 72 hr.; it increased by
0.307%, but other sample weight changes are very
small. Remarkably, none of the films exhibited any
penetration, as evidenced by the WVP data of 3 days.
This observation underscored the robust barrier
properties of the films against water vapor, suggesting
their efficacy in preventing undesired humidity
ingress. These findings hold significance, particularly
in food packaging applications, where maintaining
optimal moisture levels is critical for preserving the
quality and shelf life of products. The water vapor
permeability test, conducted under conditions
resembling real-world scenarios, provides valuable
insights into the films' barrier performance,
contributing to their suitability for practical
applications.

3.6. Antimicrobial Activity

The antifungal efficacy of the samples was evaluated
against common fungal strains such as Candida
albicans using the zone of inhibition method. The test
was conducted according to 2.4.6. Procedure. The
tested samples are PU, PVA, PT5, PGS, PT10, PG10,
and PT5GS (figure 6). PU served as a reference, as it

IJIRT 189995

is a widely used baseline synthetic polymer with
relatively low antifungal activity. It showed no
inhibition zones, likely due to the lack of inherent
antimicrobial properties in conventional PU
formulations. The results suggest that unmodified PU
does not effectively resist fungal colonization.

Pure PVA exhibited slightly higher antifungal activity
compared to PU. Its hydrophilic nature may help retain
moisture that can influence diffusion of any additives,
but it lacks bioactive components. It shows no
inhibition zones.

Incorporation of 5% turmeric extract into the PVA
matrix significantly enhanced antifungal activity.
Curcumin, the primary bioactive compound in
turmeric, is known for its antifungal and anti-
inflammatory properties. The sample displayed small
inhibition zones, particularly against Candida
albicans, suggesting curcumin's effectiveness in
disrupting fungal membranes.

The addition of 5% gooseberry extract showed
antifungal performance. Gooseberry is rich in
polyphenols and ascorbic acid, contributing to fungal
cells' oxidative stress. We found a small inhibition
zone here.

Doubling the turmeric concentration to 10% resulted
in a marked increase in antifungal activity. Larger
inhibition zones were observed against C. albicans,
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confirming a dose-dependent effect of turmeric. The
increased curcumin content likely intensified
membrane disruption and protein denaturation in
fungal cells.

Similarly, the 10% gooseberry-loaded PVA sample
showed enhanced antifungal potential over its 5%
counterpart. The stronger inhibition is attributed to a
higher concentration of bioactive phytochemicals,
particularly tannins and vitamin C that interfere with
fungal growth mechanisms.

The combination of 5% turmeric and 5% gooseberry
in the PVA matrix yielded the most promising
antifungal activity among all tested formulations. The
synergistic interaction between curcumin and
gooseberry polyphenols appeared to amplify the
antifungal effects, resulting in the largest inhibition
zones. This combination exhibited broad-spectrum
activity and may be suitable for applications requiring
enhanced antifungal protection.

The study demonstrates that the antifungal activity of
PVA can be significantly enhanced through the
incorporation of natural plant extracts. The
combination of turmeric and gooseberry (5% each)
was the most effective, indicating a potential
synergistic effect. These findings suggest that
bioactive PVA composites could serve as eco-friendly
alternatives for antifungal coatings, biomedical films,
or packaging materials.

Figure 6: Antifungal test result of 7 samples shown
here.

The antifungal performance of packaging films was
investigated using bread samples. Bread samples were
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wrapped in each polymer film and stored under
ambient conditions favorable to fungal growth. Fungal
activity was assessed visually and microbiologically
over a storage period of 7 to 14 days (Figure 7), with
focus on common spoilage fungi such as Aspergillus
spp., Penicillium spp., and Rhizopus spp. The
effectiveness of each film was evaluated based on the
extent of fungal growth and, appearance of spoilage.
PU-wrapped bread (figure 7a) showed significant
fungal growth within 4-5 days. PU lacks inherent
antifungal properties and allows limited gas exchange,
leading to moisture retention and fungal colonization.
PVA Film (figure 7b) Slightly improved antifungal
resistance compared to PU, but fungal colonies were
visible by day 6—7. PVA has better film-forming and
moisture-regulating properties, but lacks bioactive
compounds to suppress fungi. PT5 (figure 7c) Notable
reduction in fungal growth, with only mild surface
spotting after 10 days. Turmeric (curcumin) imparts
antifungal activity by disrupting fungal membranes
and inhibiting spore germination. PG5 (figure 7d)
Moderate fungal suppression observed, slightly less
effective than turmeric. Gooseberry contains
polyphenols and antioxidants (e.g., vitamin C), which
help limit fungal proliferation. PT10 (figure 7e)
significantly enhanced antifungal performance, with
no visible spoilage up to 12 days. Higher curcumin
content offers strong antifungal action; ideal for longer
shelf-life packaging. PG10 (figure 7f) Improved
performance over 5% version, though slightly less
potent than 10% turmeric. Increased concentration of
phenolic compounds and acidity from gooseberry
extract contributes to fungal growth inhibition. PT5GS5
(figure 7g) Best overall antifungal performance among
all samples. No visible fungal growth for up to 14
days. Synergistic effect of curcumin and gooseberry
phytochemicals provided broad-spectrum antifungal
protection, likely due to combined mechanisms of
oxidative stress induction, membrane disruption, and
pH modulation. The study demonstrates that PVA
films enriched with natural antifungal agents such as
turmeric and gooseberry extracts can greatly enhance
the shelf-life and fungal resistance of brade samples.
The combination of turmeric 5% + gooseberry 5%
emerged as the most effective formulation, offering a
natural, biodegradable, and functional packaging
solution with potential applications in food
preservation and herbal product storage.
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Fungal Growth

(b) PVA

(f) PG10

Figure 7: Food packaging result of 7 samples shows fungal growth and antimicrobial property.

3.7. Releasing Tamarind extract and Indian
gooseberry extract content

The releasing tannin of the Six sample (PVA, PTS5,
PGS, PT10, PG10, PT5GS) was measured according
to the 2.4.7 procedure.

Table 2: release tannin data

Ser Sample Absorbance
1. PVA 0.005 +0.001
2. PT5 0.009 + 0.001
3. PG5 0.006 + 0.0015
4. PT10 0.017 £0.01
S. PG10 0.011+0.01
6. PT5GS 0.009 +0.001

where we are evaluating tannin release at 275 nm from
six PVA-based film (PVA, PT5, PGS, PT10, PG10,
PT5GS5) samples using a UV-Vis spectrometer, the
outcomes can be interpreted based on tannin content,
interaction with PVA, and extract concentration. PVA
sample shows very minimal absorbance at 275 nm
which was 0.005. the main reasone behind that pure
PVA does not contain tannins or UV-absorbing
phytochemicals. PT5 shows moderate absorbance
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which was 0.009. Reasoned behind that is turmeric is
rich in curcuminoids, which absorb strongly around
420 nm, not 275 nm. It has minimal tannin content, so
absorbance at 275 nm would be relatively low or
background level. Any absorbance is likely due to
overlapping minor phenolic content or interference.
PG5 film showed Moderate absorbance at 275 nm
which was 0.006. the main reason is Amla (Indian
gooseberry) is rich in hydrolysable tannins (e.g.,
emblicanin, chebulagic acid) and ascorbic acid, both
of which absorb near 265-280 nm. Clear evidence of
tannin release. The amount released will depend on
how extract is dispersed and how it interacts with
PVA. PT10 film showes high absorbance at 275 nm
which was 0.017. The reason behind it was tamarind
pulp has high polyphenol and tannin content
(especially water-soluble), and we've used double the
concentration compared to the other single-extract
samples. This sample may show the highest tannin
release, provided the extract is well-incorporated and
not entrapped by PVA. PG10 shows higher
absorbance than the PG5 sample which was 0.011.
Main reasone behind it was greater extract loading
should correlate with greater tannin content release,
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assuming uniform dispersion and consistent diffusion.
Strong tannin release profile, potentially close to or
exceeding tamarind depending on extract quality.
PT5GS5 showed moderate to high absorbance at 275
nm. Reason is gooseberry provides tannins; turmeric
contributes little at 275 nm. Any change in release
behavior could result from interactions between the
extracts or with the PVA matrix. If turmeric extract
interferes with gooseberry diffusion or creates
aggregation, the release might be lower than

gooseberry-only sample. Alternatively, it could be
similar or enhanced due to synergistic interactions.

3.8. Tensile Test

The tensile properties of the antioxidant packaging
films were systematically evaluated through a rigorous
tensile testing procedure conducted using a Universal
Testing Machine (UTM). Adherence to standardized
protocols ensured the precision, reliability, and
comparability of the obtained results. The test was
conducted according to 2.4.8. Procedure.

Series Differentiation of spedmen by color

30000

20000

Stress in kPa

10000

o 50

100 150

Strain in %%

Figure 8: Tensile test curve of the tested samples

The elastic modulus from Figure 8 reflects the
stiffness of the material. The reference sample (PU)
elastic modules were 3530, and only the PVA elastic
modules were 5690. Films containing Gooseberry
extracts, PG5, and PG10 both exhibited higher elastic
modules, 3440 MPa and 4060 MPa. Films containing
PT5 and PT10 both exhibited elastic moduli of 8080
MPa and 4150 MPa. The film contains PT5GS5 exhibits
an elastic modulus of 3980. Compared to other films,
PTS5 of turmeric extract indicated greater resistance to
deformation (8080 MPa).

The strength at maximum load demonstrates the
material's ability to withstand stress. The PG10 film
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demonstrated the highest strength (37.3 MPa),
surpassing the reference (PU) and other films.

Elongation at break measures the film's extensibility
before rupture. Films containing PGS extracts (81%)
exhibited higher elongation at break values,
suggesting greater elasticity than other films.

These results underscore the influence of extract
concentrations on the mechanical properties of the
films. Notably, the combination of Tamarind and
Gooseberry (PG5TS) produced a film with
intermediate mechanical characteristics, indicating a
potential synergistic effect. The PU film served as a
benchmark, providing a reference for comparison.
This analysis provides valuable insights into the
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mechanical performance of the antioxidant packaging
films, guiding further optimization and refinement
efforts in the pursuit of a robust and functional
packaging solution.

3.9. Thermal Stability

For the first portion of the test, the film samples
exhibited notable resilience to prolonged exposure to
high temperatures. Observations post-drying indicated
minimal structural changes, maintaining their initial
flexibility and color, suggesting a robust resistance to
thermal stress shown in Figure 9. For the second
portion, the film samples demonstrated commendable
resistance to direct exposure to elevated temperatures.
Minimal alterations were noted, emphasizing the
films' robust nature under more immediate thermal
stress conditions shown in Figure 9. A comprehensive
analysis and comparison of results from both portions
of the test revealed nuanced insights into the films'
responses to varied thermal stress scenarios. Any
observed changes or damage were considered,

3.10. Infrared Spectroscopy

providing a holistic understanding of the films' thermal
stability.
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Figure 10: FTIR result of the 6 experimental samples

FTIR result, shown in Figure 10, indicates that the
developed film has similar characteristics to the
control PVA film, and adding tamarin and gooseberry
did not affect the film's chemical bond.

IVv. CONCLUSION

The development of antioxidant packaging films
incorporating Tamarind Extract, Indian Gooseberry

IJIRT 189995
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Extract, and Polyvinyl Alcohol represents a significant
stride toward sustainable and efficient packaging
solutions. The project successfully achieved the
formulation of films with commendable tensile
strength, antioxidant properties, and thermal stability,
laying a foundation for their potential application in
the dynamic field of sustainable food packaging. The
findings contribute valuable insights into the material
science of these films, showcasing their promise in
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preserving both the structural integrity of packaging
and the freshness of food products. However, as with
any scientific endeavor, certain limitations and
opportunities for further exploration exist. Time
constraints tempered the depth of antioxidant property
assessment, and future studies could delve into a more
comprehensive evaluation. The exclusive focus on
film samples, rather than complete packaging packets,
provides a basis for practical applicability but invites
further scrutiny in real-world scenarios. Mechanical
testing, while indicative of film strength, opens doors
for more extensive investigations into diverse
mechanical properties. The study's constraints in
extract concentrations and polymer choice offer
insights for optimization strategies in subsequent
research. The absence of a long-term stability
assessment and direct testing with real food products
hints at potential avenues for extended exploration.
Considering these aspects, the research project not
only contributes to the current understanding of
antioxidant packaging films but also delineates
pathways for future advancements and refinements.
This holistic perspective positions the project as a
steppingstone in the
sustainable and

ongoing journey toward
effective packaging solutions,
ensuring a resilient and impactful trajectory in the
broader landscape
environmental sustainability.

of materials science and
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