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Abstract: Cocoa pods are an underutilised agro-industrial waste rich in pectin and polyphenols. This research devel-
oped cocoa pod extract as a base material for antioxidant edible films by incorporating black or green tea extracts as
solvents. Five formulations were prepared, which differ in solvent: distilled water, 50% v/v, and 100% v/v of black or
green tea extract. Using tea extracts as a solvent significantly (P < 0.05) increased total polyphenol content, antioxidant
activity, and tensile strength, while reducing solubility, elongation, and water vapour transmission rate. Green tea ex-
tract showed higher effects than black tea extract. The edible film prepared with 100% v/v green tea extract exhibited the
highest polyphenol content [18.09 + 1.49 mg gallic acid equivalents (GAE)-g~!] and DPPH (2,2-diphenyl-1-picrylhyd-
razyl) inhibition (52.28 * 2.6%), and effectively prevented peroxide formation in peanut oil. Fourier transform infrared
spectroscopy (FTIR) analysis revealed enhanced hydrogen bonding between macromolecules upon incorporation of
tea extracts, thereby improving mechanical strength and water barrier properties. These results show the potential of
cocoa pod extract, when incorporated with green tea extracts, to produce a good physical and mechanical performance
while preserving antioxidant properties.
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Plastics are widely used for food packaging due eco-friendly, safe, and capable of incorporating active
to their low cost and practicality; however, concerns  compounds, such as polyphenols, to inhibit oxidation.
about their environmental impact and food safety have = The incorporation of polyphenols into edible films offers
driven the search for alternatives. Edible films have an effective packaging solution to extend shelf life (Gao
been shown to be a promising solution because they are et al. 2019; Lei et al. 2019; Lindriati et al. 2015, 2025).

Supported by the University of Jember Internal Grant through the KeRis-Dimas Grant programme, Project No. 4241/
UN25.3.1/LT/2022.

© The authors. This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0).

306


https://orcid.org/0000-0002-8725-9933
http://orcid.org/0000-0002-8394-6381
https://orcid.org/0000-0001-9518-6415
https://orcid.org/0000-0002-4079-9537
https://cjfs.agriculturejournals.cz/

Original Paper

Czech Journal of Food Sciences, 44, 2026 (4): 306—-314

Edible films, which are usually made from natural
food sources such as carbohydrates and proteins, can
be made more sustainable and efficient by using agri-
cultural waste. One underutilised part of agricultural
waste is cocoa pods. Cocoa (Theobroma cacao L.) is
one of Indonesia's primary plantation commodities,
and cocoa pods account for 70—75% of the cocoa fruit's
total weight (Sarah et al. 2022). Cocoa pods are rich
in pectin, containing between 7.49 to 11.31% (Hennes-
sey-Ramos et al. 2021), and polyphenols, which range
from 46 to 69 mg GAE-g™! (Vésquez et al. 2019). Many
studies have explored the valorisation of the cocoa pod
(Meza-Sepulveda et al. 2025; Santiago-Gdémez et al.
2025; Vu et al. 2025). However, its exploration as an an-
tioxidative edible film still remains.

The research of Desniorita et al. (2019) demonstrat-
ed the use of pectin from cocoa pods as an edible film
component, focusing on water content, thickness, wa-
ter vapour transmission rate, and colour. Other stud-
ies have applied pectin from cocoa pods as an edible
coating to extend the shelf life of tomatoes (Susilowati
et al. 2017). There are no studies examining the whole
cocoa pod extract, even though valuable polyphenolic
compounds are often wasted during pectin extraction.
To fully utilise the benefits of both pectin and polyphe-
nols, the whole cocoa pod extract can be used as an an-
tioxidant and as an edible film-based material.

Antioxidant activity can be enhanced by incorpo-
rating polyphenol-rich extracts, such as tea extracts.
Both green and black tea contain high concentrations
of polyphenols, but black tea has lower levels because
fermentation alters the decomposition of polyphe-
nols (Kopjar et al. 2015). Green tea is richer in cat-
echins (16-30%), particularly epigallocatechin gallate
(50-80% of total catechins), whereas black tea con-
tains lower catechin levels (3—-10%) and is dominated
by theaflavins and thearubigins (Chen et al. 2023). Dif-
ferences in polyphenol composition offer opportunities
to modify the properties of edible films. Previous study
showed that green tea extract can enhance the physi-
cal and mechanical properties of edible films through
cross-linking interactions, including hydrogen bonding
and hydrophobic forces, thereby strengthening the film
structure (Lindriati et al. 2015; Ruan et al. 2019).

Our research studied antioxidative edible films
prepared with cocoa pod extract as the primary film-
forming material and green or black tea extract as the
solvent, enabling the matrix to exhibit intrinsic anti-
oxidant properties. The effects of tea extract on tensile
strength, elongation, solubility, water vapour perme-
ability, and antioxidant properties were evaluated.
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The interactions between components were analysed
using Fourier transform infrared spectroscopy (FTIR).
A preliminary application was evaluated using pea-
nut oil to study the potential of these films to inhibit
rancidity. Overall, this research offers a smart strategy
for valorising agricultural waste into valuable antioxi-
dative packaging.

MATERIAL AND METHODS

Material. Cocoa pods were obtained from local
farmers in Jember, East Java, Indonesia, at a certain
maturity (red colour). The composition of cocoa pods
was crude protein (7.21 + 0.22%), fat (1.83 + 0.07%),
carbohydrate (33.47 + 0.33%), pectin (11.76 + 0.28%),
ash (7.83 + 0.61%), and polyphenols [47.54 + 0.78 mg
gallic acid equivalents (GAE)-g™!]. Soy protein isolate
(SPI) and food-grade glycerol were purchased from
a local distributor. The SPI composition was crude
protein (91.54 + 0.32%), lipid (0.65 + 0.07%), fi-
bre (0.12 + 0.03%), ash (4.36 + 0.12%), and carbo-
hydrate (3.33 + 0.21%). Green and black teas ('Cap
Kepala Jenggot') had phenolic levels of 235.21 + 7.81
and 152.27 + 6.37 mg GAE-g™}, respectively. DPPH
(2,2-diphenyl-1-picrylhydrazyl) and gallic acid were
obtained from Sigma-Aldrich (USA), while other
analytical-grade chemicals were purchased from
Merck (Germany).

Pretreatment. Upon arrival, cocoa pods were
washed, cut into 0.5-1 cm thick slices, and dried
at 50 °C for 20 h. The dried slices were then crushed
to a 40-mesh size to obtain a low-moisture-content
powder (11-13%) with uniform particle size.

Tea extract preparation. Specifically, 4.8 g of dried tea
was extracted in 200 mL of distilled water for 30 min
at 80 °C under continuous stirring (120 rpm). After
cooling, the extract was filtered and stored at 4 °C
for use as a solvent in the preparation of edible
films. The process followed Lindriati et al. (2015)
for maximum polyphenol concentration.

Preparation process of cocoa pod extract. The co-
coa pod extract was prepared by microwave-assisted
extraction (MAE), with cocoa pod powder dissolved
with solvent at a 1: 20 (w/v) ratio (5 g in 100 mL), fol-
lowed by MAE at 360 W for 15 min. The slurry was fil-
tered (Whatman No. 2) and stored at 4 °C for use as an
edible film material, resulting in a filtrate rich in pectin.
The method was adapted from Sarah et al. (2022), with
modifications to the solvents: 100% distilled water,
50% v/v black tea extract, 50% v/v green tea extract,
100% black tea extract, and 100% green tea extract.
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Pectin content of cocoa pod extract. Ethanol
was added to the cocoa pod extract at a 1:3 ratio,
then centrifuged at 1 200 rpm for 10 min, and filtered.
The wet pectin was oven-dried at 50 °C for 24 h, result-
ing in dried pectin. The pectin content was calculated
as the percentage ratio of dried pectin weight to the ini-
tial cocoa pod powder weight.

Edible film preparation. Edible films were prepared
according to the method of Pajak et al. (2019), with
modifications. SPI (8 g) was added to 25 mL of solvent,
stirred at 250 rpm for 2 min at room temperature, then
75 mL of cocoa pod extract was added, and the mix-
ture was heated to 80 °C for 10 min. Glycerol (2.5 g)
was added, and the mixture was further heated and
stirred at 60 rpm and 80 °C for 10 min. 60 mL of the
film-forming solution was cast onto 18 x 13 cm? Tef-
lon plates and dried at 50 °C for 18 h. The films were
removed and kept in a desiccator at 25 °C and 40%
relative humidity (RH). Five film types were produced
based on solvent variation: distilled water (EF), 50%
v/v black tea extract (BTE 50), 50% v/v green tea ex-
tract (GTE 50), 100% black tea extract (BTE 100), and
100% green tea extract (GTE 100).

Solubility. The solubility was measured using a mod-
ified version of the method described by Gontard et al.
(1994). A 20 x 20 mm? of film was immersed in 30 mL
of distilled water at 25 °C for 24 h. Before and after im-
mersion, the edible film was dried at 105 °C for 24 h
and then weighed. Measurements were done in tripli-
cate. Solubility (%) was calculated as:

Solubility (%) =(W1-W2)/ W1 x 100% (1)

where: W1 — the initial dry weight; W2 — the dry
weight after immersion.

Tensile strength and elongation. Tensile strength
and elongation at break were measured following
ASTM D882-00 method, as in Pajak et al. (2019). Film
strips (80 mm x 25 mm) were tested using an AZ-SX
texture analyser (Shimadzu, Japan). Tensile strength
was calculated by dividing the maximum tensile force
(N) by the cross-sectional area of the specimen (mm?).
Elongation was expressed as a percentage of increase
in length at break divided by the initial length. Each
sample was tested in five replicates.

Water vapour transmission rate. The water va-
pour transmission rate (WVTR) was measured ac-
cording to ASTM (2003), as Siripatrawan and Harte
(2010). Edible films were applied to glass cups (3.5 cm
in diameter) containing 10 g of silica gel, and the cups
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were placed in a desiccator containing 40% (w/v) NaCl
solution to maintain 75% relative humidity at 25 °C.
The weights of cups were evaluated hourly for 8 h us-
ing an analytical balance (A200S, Sartorius, Germany).
WVTR was presented as a ratio of the slope of the lin-
ear relationship between weight gain and time to the
film's cross-sectional area, expressed in (g-m=2)-h7l.
There were three replications for each sample.

Measurement of total polyphenol content. The Fo-
lin—Ciocalteu method was used to determine total
polyphenol as described by Ainsworth and Gillespie
(2007). A 2.1 g of edible film was extracted in 100 mL
of distilled water by stirring at 60 rpm for 30 min (Lin-
driati et al. 2015). A 0.1 mL of the edible film's extract
was mixed with 0.5 mL Folin—Ciocalteu reagent and
1 mL ethanol, vortexed, and rested for 5 min at room
temperature, then 5% Na,CO, was added. The mixture
was incubated in the dark room for 60 min. The ab-
sorbance was observed at 765 nm using a UV-Vis spec-
trophotometer (Genesys 10S, Thermo Scientific, USA).
The total polyphenol content was expressed as mg
GAE-g™! using a gallic acid standard curve. There were
at least three replications for each sample.

Antioxidant activity measurement. The ed-
ible film's antioxidant activity was measured using
the DPPH radical scavenging method, as in Jouki et
al. (2013). Briefly, 25 mg of edible film was extracted
in 5 mL of distilled water. Then, 0.01 mL of the extract
was mixed with 0.5 mL of 0.1 mM DPPH solution
in ethanol. The mixture was placed in the dark at room
temperature for 60 min, resulting in a colour change
from violet to pale yellow. Absorbance was evaluated
at 517 nm using a UV-Vis spectrophotometer. Anti-
oxidant activity was presented as the percentage DPPH
inhibition that calculated as:

(4 - A )
Antioxidant activity = M (2)

A
where: A | — the absorbance of the control.
Each sample was measured in three replicates.

Measurement of lipid oxidation inhibition. Li-
pid oxidation inhibition was measured as described
by Lindriati et al. (2015). Briefly, a 10 x 10 cm? edible
film was placed in peanut oil, and the chamber was in-
cubated at 50 °C for 14 days, with peroxide value evalu-
ated on days 4, 7, 9, 11, and 14, according to method
SNI 01-3555-1998. Then the peanut oil (3 g) was mixed
with chloroform and glacial acetic acid, reacted with
a saturated KI solution, and added to 1% starch as an
indicator. The mixture was titrated with sodium thio-
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sulfate until the blue colour disappeared. Peroxide
value was presented as meq O,-kg™" oil, and all meas-
urements were done in triplicate.

Fourier transform infrared analysis. Fourier trans-
form infrared (FTIR) analysis was performed accord-
ing to the method of Lei et al. (2019). Firstly, ground
samples were mixed with dry KBr and pressed into pel-
lets for analysis using an FTIR spectrometer (Nicolet
iS10, Thermo Scientific, USA). Spectra were record-
ed over 650—4 000 cm™ with a resolution of 4 cm™!
and 32 scans per sample.

Data analysis. The Minitab version 17.1.0. (Minit-
ab Inc, USA) was used to evaluate the data. There were
triplicate experiments, and the results were expressed
as mean * standard deviation. The differences among
groups were statistically assessed using analysis of vari-
ance (ANOVA) at a 5% significance level (P < 0.05), fol-
lowed by Tukey's test for comparisons. The superscript
letters (a, b, ¢) indicated significant differences.

RESULTS AND DISCUSSION

The concentration and FTIR spectra of pectin
in cacao pod extract. The cocoa pod extract was pro-
duced by MAE using distilled water as the solvent
at 360 W for 15 min. The result showed that the pectin
content of the extract (15.23 + 0.13% w/w) was high-
er than that of fresh cocoa pods (11.76 + 0.28%
w/w), due to moisture removal and cell wall disrup-
tion during drying, which promoted extractability.
FTIR analysis was performed to assess pectin purity.
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Table 1. Total polyphenol content and antioxidant activ-
ity of edible film from cocoa pod extract incorporated
with tea extract

Sample Total polyphenol_(lzontent Ant'io'xidant
(mg GAE-g™) activity (%)
EF 8.71 + 0.45° 18.72 + 0.33°
BTE 50 11.17 + 0.53° 27.60 + 1.24°
GTE 50 13.02 + 0.59¢ 32.79 + 0.86°
BTE 100 14.37 + 0.41¢ 35.61 + 1.69°
GTE 100 18.09 + 1.50¢ 52.28 + 2.684

a=¢ different letters indicate statistically significant differ-
ences among groups (P < 0.05, Tukey's test); EF — distilled
water; BTE — black tea extract; GTE — green tea extract;
GAE - gallic acid equivalents

The study of Wathoni et al. (2019) evaluated standard
pectin exhibits characteristic peaks at 3 367.71 cm™
(~OH), 2 939.52 cm™~! (C=H), 1 639.49 cm~! (C=0),
1 44270 cm™' (=CH), and 1 161.15-1 153.43 cm™!
(C-0). The pectin extracted from cocoa pods
in this study showed similar peaks at 3 262.60 cm™,
2 92249 cm™l, 1 726.84 cm™, 1 598.24 ¢cm™}, and
1 245.78-1 035.66 cm™, confirming the peaks of typi-
cal functional groups of pectin. Although slight shifts
were observed due to differences in pectin source,
which affect molecular characteristics such as molecu-
lar weight and methoxy content (Figure 1).

Total polyphenol content and antioxidant activity.
Tea extracts significantly increased the total polyphenol
content and antioxidant activity of cocoa pod extract
edible films (Table 1), with GTE having a greater effect

A

C=0 carbonyl

A

CH methyl

C-0 bonds —

2000 1500 1000 500

Wave number (cm™)

Figure 1. The FTIR (Fourier transform infrared spectroscopy) spectrum of pectin extracted from the cocoa pod
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Table 2. Physical and mechanical properties of antioxidative edible film from cocoa pod extract incorporated with tea

extract

Sample Tensile strength (MPa) Elongation (%) WVTR [gm(h™1)] Solubility (%)
EF 3.65 + 0.01* 36.29 + 0.31° 0.18 + 0.02¢ 34.12 + 0.46°
BTE 50 3.71 + 0.02° 27.42 + 0.31° 0.23 + 0.01¢ 46.18 + 0.21°
GTE 50 3.75 + 0.02"¢ 34.66 + 0.264 0.15 + 0.02° 31.19 + 0.34°
BTE 100 3.87 + 0.02° 24.99 + 0.20° 0.19 + 0.02¢ 44,98 + 0.044
GTE 100 3.97 + 0.03¢ 33.25 + 0.53¢ 0.05 + 0.01* 28.79 + 0.16*

*~¢different letters indicate statistically significant differences among groups (P < 0.05, Tukey's test); EF — distilled water;
BTE - black tea extract; GTE — green tea extract; WVTR — water vapour transmission rate

than BTE. This is due to the higher polyphenol con-
tent of green tea (235.21 + 7.81 mg GAE-g™) compared
to black tea (152.27 + 6.37 mg GAE-g™!) (Kopjar et al.
2015), as well as its antioxidant activity. The fermenta-
tion process in black tea can reduce catechin content
and change them into theaflavins and thearubigins,
which have lower antioxidant activity (Chen et al. 2023).

The highest values were shown in GTE 100, with
a total polyphenol content of 18.09 + 1.50 mg GAE-g™!
and antioxidant activity of 52.28 + 2.68%. These results
are higher than those from rice starch—chitosan ed-
ible film with 10% GTE addition (2.374 mg GAE-g™")
(Mangmee and Homthawornchoo 2016), from jack
bean flour-based films with extract GTE as solvent
(45.22%) (Lindriati et al. 2015), and dragon fruit peel
films (14.21 + 0.14 mg GAE-g™%; 18.84 + 0.73%) (Lindri-
ati et al. 2025). The comparison shows that edible film
from cocoa pod extract with GTE as solvent, indicating
strong antioxidant potential.

Even without tea extract, the edible film demonstrated
notable polyphenol content (8.71 + 0.45 mg GAE-g™")
and antioxidant activity (18.72 = 0.33%), as co-
coa pods naturally contain high polyphenol levels
(46-69 mg GAE-g™!) (Vasquez et al. 2019). However,
there was a reduction in polyphenol content and an-
tioxidant activity after film formation, due to the pro-
cess of edible film preparation, such as dilution effects,
soy protein isolate addition, heating, and drying, which
may degrade oxygen-sensitive polyphenols.

Physical and mechanical properties of edible films
from cocoa pod extract. The mechanical and physical
characteristics of films are important for their perfor-
mance and application (Cazén et al. 2017), wherein
tensile strength, elongation, solubility, and water va-
pour transmission rate (WVTR) of edible films from
cocoa pod extract (Table 2) were observed in this study.

Tensile strength increased significantly when tea ex-
tract was used as a solvent. Edible film with GTE gen-
erally showed higher values than BTE, with the highest
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tensile strength (3.97 + 0.03 MPa) being GTE 100,
that significantly greater than BTE 100. Table 2 shows
that no significant difference was observed between
GTE 50 and BTE 50.

Elongation measurement showed an opposite trend
compared to tensile strength, which decreased with
the addition of both green and black tea extracts.
The elongation of BTE 50 and BTE 100 was signifi-
cantly lower than that of GTE 50 and GTE 100, while
EF had the highest elongation (36.29 + 0.31%). The dif-
ferent trend between tensile strength and elongation
aligns with previous studies (Ruan et al. 2019).

Solubility and WVTR indicate resistance to wa-
ter in the liquid and vapour phases, and both de-
creased with increasing tea extract incorporation,
indicating greater water resistance. GTE treatments
showed a pronounced effect compared with BTE,
with the lowest solubility (28.79 + 0.16%) and WVTR
(0.05 + 0.01 g'm~*h"!) being shown in GTE 100. These
results align with previous studies (Gao et al. 2019;
Ruan et al. 2019), which show that polyphenol incor-
poration enhanced tensile strength and also reduced
WVTR and solubility.

GTE 100 showed the best performance, with
the highest polyphenol content, antioxidant activity,
and tensile strength, along with the lowest elongation,
solubility, and WVTR (Tables 1 and 2). This is probably
due to polyphenol interactions with pectin or proteins
via hydrogen bonding, ionic interactions, and hydro-
phobic forces, forming cross-links that strengthen
the film matrix (Lei et al. 2019; Ruan et al. 2019; Wu
et al. 2019). These interactions were further observed
using FTIR spectroscopy.

Lipid oxidation inhibition. Peanut oil was used
as a model to demonstrate the ability of edible films
to inhibit lipid oxidation due to the oil's high unsaturat-
ed fatty acid content (81-94%), mainly oleic (45—53%)
and linoleic acids (27-32%) (Ghazani and Marangoni
2016). These unsaturated fatty acids are highly suscep-
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Table 3. Peroxide value of peanut oil during storage of 4, 7, 9, 11 and 14 days at 50 °C

Peroxide value (meq Oz~kg’1)

Sample 4™ day 7% day 9™ day 11% day 14 day The slope
Control 4.30 + 0.43° 6.15 + 0.27¢ 9.21 + 0.24¢ 14.31 £ 0.32°  23.57 + 1.22° 1.95¢
EF 3.28 + 0.31¢ 4.72 + 0.59¢ 6.06 + 0.27¢ 8.46 +0.48Y  15.01 +2.324 1.14¢
BTE 50 2.99 + 0.18¢ 3.93 + 0.38¢ 4.55 + 0.20° 7.11+030°  12.19 + 0.24° 0.90°
GTE 50 2.17 +0.23¢ 3.13 +0.29° 3.75 + 0.25° 6.42 +0.25>  11.12 + 0.32>¢ 0.88"
BTE 100 1.35 + 0.23° 2.03 + 0.30° 3.39 + 0.26" 6.15+0.20>  10.05 + 0.48% 0.89"
GTE 100 0.91 +0.17 1.63 + 0.27° 2.69 + 0.43* 4.99 + 0.26* 8.93 + 0.40° 0.81°

a~¢different letters indicate statistically significant differences among groups (P < 0.05, Tukey's test); EF — distilled water;

BTE — black tea extract; GTE — green tea extract

tible to oxidation, which can lead to rancidity (Liu et al.
2019). The peroxide value was used to assess the ran-
cidity, as peroxide is the primary indicator of early lipid
oxidation (Wu et al. 2019).

The results (Table 3) show that, after 14 days
of storage at 50 °C, peanut oil with BTE 100
and GTE 100 had peroxide values of 10.05 + 0.48
and 8.93 £ 0.40 meq Ozokg‘l, respectively, which are
considered rancid when the peroxide value exceeds
10 meq Ozokg’1 (Gilbraith et al. 2021). These results
indicate that BTE 100 and GTE 100 effectively in-
hibited oxidation. In contrast, peanut oil with EF,
BTE 50, and GTE 50 has peroxide values exceeding
10 meq 02~1<g‘1, indicating rancidity. Compared with
previous studies under similar conditions, edible films
from dragon fruit peel and jack bean flour were less
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effective at preventing rancidity (Lindriati et al. 2015,
2025). The results show that combining cocoa pod ex-
tract and tea extract provides enhanced antioxidant
protection.

The film's ability was also evaluated based on
the slope of a linear curve of peroxide value over time,
with a lower slope indicating better oxidative stabil-
ity. GTE 100 performed the lowest slope, indicating
its superior ability to prevent rancidity. No significant
differences (P > 0.05) were revealed among BTE 100,
GTE 50, and BTE 50, indicating similar performance
in preventing peanut oil rancidity.

The results showed that antioxidant edible films
made from cocoa pod extract, incorporating green or
black tea extract, are particularly suitable for lipid-rich
foods such as oils, nuts, and seeds, as well as for dried
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Figure. 2. The FTIR (Fourier transform infrared spectroscopy) spectrum of soy protein isolate (SPI) as an edible film

material
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Figure 3. The FTIR (Fourier transform infrared spectroscopy) spectrum of edible film from cocoa pod extract

EF - distilled water; BTE — black tea extract; GTE — green tea extract; SPI — soy protein isolate

products. Using cocoa pods as a raw material reduces
costs while providing intrinsic antioxidant activity.

Fourier transform infrared study. Figure 2 shows
the FTIR spectrum of SPI formulated in edible film ma-
terials, which aligns with the findings of Su et al. (2010).
According to Su et al. (2010), SPI exhibited absorption
at 3 294, 1 636—1 680, and 1 533—1 559 cm™, associ-
ated with hydrogen bonding and N-H vibrations. Fig-
ure 2 shows that the peak at 3 275.54 cm™! corresponds
to O-H stretching, while the peak at 3 078.08 cm!is
attributed to N-H stretching of NH, groups. The bands
at 1 632.62 cm™ and 1 530.73 cm™! represent amide
I and amide II regions, respectively. However, a differ-
ence was observed at 1 237.24 cm™! (C-N stretching),
likely because the SPI in our study was technical-grade
rather than pure SPI in Su et al. (2010).

Comparison of FTIR spectra of pectin (Figure 1), SPI
(Figure 2), and EF (Figure 3) shows that there are shifts
in O-H peaks at 3 262.60, 3 275.54, and 3 277.78 cm™},
respectively, where the EF peak appears at the high-
est wavenumber, indicating weaker hydrogen bonding
between pectin and SPI. This is likely affected by the
presence of glycerol as a plasticiser, which disrupts
hydrogen bonding in macromolecules. The presence
of glycerol is evidenced by peaks in the 800-1 150 cm™
region (Guerrero et al. 2010).

Figure 3 is the FTIR spectrum of cocoa pod extract
edible films incorporating tea extract, that show com-
bination of characteristic peaks between pectin and
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protein, presenting broad O-H/N-H stretching (3 200-
3 500 cm™), C-H stretching (~2 900 cm™), and amide
I and II bands (~1 650 and ~1 540 cm™). These peaks
indicate interactions between the cocoa pod macro-
molecule and the SPI matrix, evidence the formation
of a composite edible film.

The spectra are vertically displayed (arbitrary units)
and show similar peaks in BTE 100 and GTE 100 com-
pared to EF, indicating that the polyphenols from the tea
extract do not form new covalent or ionic bonds. How-
ever, a shift in the O—H peak from 3 277.78 cm™! (EF)
to 3273.02 cm™! (BTE 100) and 3 270 cm™! (GTE 100)
was shown. This shift to lower wavenumbers is due
to hydrogen bonding between polyphenols and the hy-
droxyl groups of SPI or pectin (Dai et al. 2023). Unlike
previous studies that reported cross-link formation be-
tween polyphenols and proteins or carbohydrates (Lei
et al. 2019; Ruan et al. 2019; Wu et al. 2019), this study
evidences that interactions are mainly through hydro-
gen bonding, which improved tensile strength and re-
duced elongation, solubility, and WVTR.

CONCLUSION

The results showed a significant increase (P < 0.05)
in total polyphenol content and antioxidant activity
of cocoa pod extract edible films when using green
or black tea extract as a solvent, wherein green tea
showed superior effects. Higher polyphenol levels
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increased tensile strength while decreasing elonga-
tion, water vapour transmission rate, and solubil-
ity. It had also improved the film's ability to inhibit
peanut oil rancidity for up to 14 days at 50 °C. Films
without tea extract showed lower polyphenol content
(8.71 + 0.45 mg GAE-g™') and antioxidant activity
(18.72 + 0.33%). FTIR analysis confirmed that hydro-
gen bonds facilitated interactions among tea polyphe-
nols, pectin from cocoa pod extract, and soy protein
isolate, thereby improving film tensile strength while
reducing elongation, water vapour transmission rate
and solubility.
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