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Biopolymer-epigallocatechin materials: a sustainable approach material for food packaging
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Abstract

Epigallocatechin gallate (EGCG), a bioactive component found in green tea, has generated significant interest as a
potential alternative to artificial food additives. Its unique properties make it a promising candidate for developing
eco-friendly polymers for food packaging. This review explores the potential of EGCG in enhancing the safety and
quality of packaged food items. Known for its strong antioxidant and antimicrobial properties, EGCG’s primary
function is attributed to its ability to eliminate free radicals and reduce peroxidase activity. This makes it a viable
option for incorporation into active and intelligent polymer packaging systems to extend shelf life and preserve
food freshness. However, water solubility and lack of thermal stability pose challenges that require careful optimi-
zation of performance in packaging materials. The review provides a comprehensive overview of recent advance-
ments in integrating EGCG into packaging materials, formulation techniques, processing methods, and its use to
enhance the effectiveness of food packaging. Further, it discusses the potential future research approaches aimed
at maximizing the benefits of EGCG to enhance the sustainability and efficiency of food packaging.
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Introduction

Food packaging has undergone extensive changes
because of the increasing attention and importance of
maintaining food safety and quality and reducing their
environmental effects. Although petroleum-based pack-
aging is widely used, this type of packaging brings wide
environmental risks (Tavassoli et al., 2023b; Yin and
Woo, 2024). Based on the sustainable environment and
circular green model, there is a need to use biodegrad-
able, sustainable, and environment-friendly alternative
packaging. In addition to biodegradability, techniques
are used to improve packaging properties, such as the
presence of natural factors in the packaging environ-
ment with antimicrobial and antioxidant activities that
delay the oxidative and microbial deterioration of food
(Arunachalasivamani et al., 2024).

In general, antioxidant packages are developed by incor-
porating natural and/or synthetic antioxidant agents into
the packaging structure. However, natural antioxidant
agents are more suitable and safer to use in packaging
structure. Today, various types of natural antioxidant
compounds, such as plant extracts, essential oils, and
phenolic compounds, are used to make antioxidant
packaging (Huimin et al., 2024). Plant polyphenols are
micronutrients that are known as essential physiological
compounds with specific biological functions in plants,
and their antioxidant activity has received much atten-
tion (Mengmeng et al., 2024). Among the most abundant
phenolic compounds in cereals, vegetables, fruits, spices,
medicinal plants, and various beverages are flavonoids,
whose structure consists of a C6-C3-C6 skeleton with
different A, B, and C rings. Flavonoids include flavonols,
flavones, flavanones, isoflavonoids, and anthocyanidins
(Zhang et al., 2023b). Phenolic compounds have the
potential to eliminate active nitrogen and oxygen species,
and are considered for their desirable effects (Peng et al.,
2023).

The main catechins present in fresh tea leaves or
their products are rich in phenolic or hydroxyl gal-
loyl structures and include (-)-epigallocatechin gallate,
(-)-epicatechin gallate, (-)-gallocatechin gallate, (-)-epi-
gallocatechin,  (-)-epicatechin, and  (+)-catechin.
Epigallocatechin gallate (EGCQG) is the predominant cat-
echin present in green tea, comprising around 60%, and
is utilized to measure green tea’s quality. The amount
of green tea catechins is influenced by various factors,
such as the concentration of catechins, oxygen avail-
ability, temperature, pH, presence of antioxidants, level
of metal ions, etc. (Rizwan et al., 2023). Also, EGCG
acts as a stimulant of plasma membrane proteins, a
moderator of metabolic enzymes, and a second sig-
nal messenger, and plays a very important role in dis-
ease control (Sun et al., 2022). These structures provide
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these compounds different properties, such as oxidative
self-polymerization, reduction, and binding (Liu et al.,
2023; Wei et al., 2024). EGCG, a biologically active com-
pound, is acknowledged as “generally recognized as safe”
(GRAS) by the US Food and Drug Administration (US
FDA) and serves as a viable substitute for food addi-
tives, such as antimicrobial and antioxidant compounds
(Moreno-Vasquez et al, 2021). Coatings containing
EGCQG are a type of active packaging that eliminate the
direct addition of EGCG to food; on the other hand, it
allows slow and controlled release of EGCG from pack-
aging film (Wangli et al., 2022).

Recent studies have focused on the practical advantages
of incorporating EGCG into food packaging. This com-
pound has demonstrated its ability to extend the shelf life
of food products while maintaining their quality. To the
best of our knowledge, no research has been conducted
explicitly to study the role of EGCG as an active agent
to enhance the properties of biopolymer-based food
packaging systems. This comprehensive review presents
the latest insights and advancements in using EGCG in
packaging films. It also examines the influence of EGCG
on the functional and physicochemical characteristics
of various food packaging films. The article begins with
an overview of the chemical structure of EGCG and its
biological properties, such as its antioxidant and antimi-
crobial attributes. Additionally, it delves into incorporat-
ing EGCG with different types of polymers and various
preparation methods. The review thoroughly examines
the use of EGCG in active and intelligent packaging,
highlighting the potential opportunities for leveraging
EGCG in food packaging.

Overview of epigallocatechin gallate

Epigallocatechin gallate is the most prevalent biologi-
cally active catechin found in tea. In recent years, there
has been increasing evidence indicating that EGCG has
a wide array of beneficial effects, including its ability to
combat diabetes, fight cancer, and inhibit blood vessel
formation, antibacterial, cardiovascular benefits, and
its action as an antioxidant. Consequently, it holds sig-
nificant promise for use as a functional ingredient in the
food industry. Furthermore, phenolics are recognized for
their strong ability to bind with polysaccharides and pro-
teins because of their high reactivity. This characteristic
allows them to readily form complexes with these large
molecules, ultimately enhancing the functional prop-
erties of polyphenols. Hence, the existence of EGCG in
food packaging can be highly beneficial for preserving
quality and ensuring safety of different food items. In
the following sections, the chemical structure, safety and
health benefits, and biological activities of EGCG are
addressed. A brief overview of key physicochemical and
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pharmacological properties of EGCG related to its bio-
chemical and pharmacological properties is presented in
Table 1.

Chemical structure of epigallocatechin gallate

The chemical structure and molecular formula of green
tea catechins are illustrated in Figure 1. One of the most
prominent catechins, that is EGCG, has the molecular
formula of C,,H O,,. EGCG is a gallate ester derived
from the combination of epigallocatechin and gallic acid.
This compound boasts a rich medicinal heritage, having
been utilized by various cultures for centuries to address
ailments linked to oxidative stress. Additionally, it has
garnered attention as a promising source of antioxidants
because of its ability to neutralize free radicals (Arokia
Vijaya Anand et al., 2023). Structural characteristics of
EGCQG reveal its sensitivity to environmental factors; it
is particularly vulnerable to degradation when subjected
to heat and ultraviolet (UV) light, which results in oxida-
tion. The synthesis of EGCG occurs through the esterifi-
cation process involving gallic acid and epigallocatechin,
resulting in a complex polyphenolic structure. This
structure features three aromatic rings, which enhance
its stability and reactivity, along with one dihydropy-
ran heterocyclic ring (Fuyun et al., 2024). Furthermore,
the compound is characterized by the presence of eight
phenolic hydroxyl groups, which play a crucial role in its
biological activity, contributing to its antioxidant prop-
erties and interaction with various biological pathways

(Li et al., 2023). However, these same phenolic hydroxyl
groups challenge for the practical application of EGCG.
The polyhydroxy nature of EGCG confers significant
water solubility (WS), yet this property also contributes
to its poor solubility in lipids. Consequently, limitations
in fat solubility hinder its incorporation into fat-based
formulations. This decreased solubility in fatty environ-
ments can lead to complications during the absorption
process, as it affects the compound’s passage through the
lipid bilayer of cell membranes. As a result, the bioavail-
ability of EGCG is reduced, which may limit its effective
delivery to targeted sites within the body, where its thera-
peutic properties could be most beneficial. Overall, while
EGCG is recognized for its potent health benefits, under-
standing and addressing its solubility challenges remain
critical for optimizing its use in dietary supplements and
pharmaceutical applications (Zhuang et al., 2024).

Safety Implications and health effects of epigallocatechin
gallate

Epigallocatechin gallate enters the body mostly through
drinking brew. One cup of green tea contains almost
177 mg of EGCG (Kciuk et al., 2023). For an adult per-
son weighing 70 kg, the acceptable daily intake (ADI)
of EGCQG is reported to be 322 mg. On the other hand,
according to the reports of the Food Safety Authority
of the European Union (EFSA), the daily consumption
of 600 mg of EGCG can cause liver damage in humans,
which was associated with increased transaminases.

Table 1. A concise overview of key physicochemical and pharmacological properties of EGCG that are related to its biochemical and

pharmacological properties.

Properties/parameters Description

Molecular Weight 458.37 g/mol

Solubility Sparingly soluble in water, more soluble in organic solvents, such as ethanol and dimethy! sulfoxide
(DMSO0)

Maximum plasma concentration (C_ )  130-3,392 ng/mL

Time toreach C__ (T ) 60-115 min

Melting point 220-230°C

Apparent terminal elimination half-life 2.2 h after intravenous (i.v.) and 5-6 h after oral administration

Color White or off-white powder

Taste Bitter and astringent

Stability Sensitive to light, heat, and pH, more stable in acidic conditions

Acidity/basicity Mildly acidic

Hydrophobicity Exhibits both hydrophilic and hydrophobic properties

Ultraviolet absorption Shows characteristic absorption peaks in UV spectrum

Reactivity Known for antioxidant properties because of reactivity with free radicals

Relative bioavailability

1.6% at low dose (75 mg/kg body weight)

13.9% at higher doses (250 mg/kg and 400 mg/kg body weight)

Safety and tolerability

Safe and tolerable at dosages of up to 1,600 mg
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In addition, the injection of 100-mg EGCG/kg body
weight for four consecutive days in mice led to nephro-
toxicity, causing an increase in neutrophil gelatinase-de-
pendent lipocalin, serum cystatin C, and inflammatory
markers. Owing to its chemical structure, EGCG is sus-
ceptible to autoxidation degradation, which may cause
toxic effects of this compound. In normal physiologi-
cal conditions, this compound may be converted into
o-quinone through a non-enzymatic dehydrogenation
process (phenolic hydroxyl groups). Peroxide radicals
often act as EGCG oxidants to produce hydrogen per-
oxide (H,O,) and o-quinone to produce reactive oxygen
species (ROS) (James et al., 2023). Consumption of 400—
800 mg of EGCG caused serum EGCG (free and total)
in nonmolar high amounts. In addition, chronic dosing
of 800 mg EGCG increased its bioavailability and minor
gastrointestinal adverse effects. This is despite the fact
that in packaging of green tea, the content of polyphenol
is 80—100 mg, while this amount turns into 25-30 mg of
EGCG (Wtodarczyk et al., 2024). One of the most import-
ant flavonoids in green tea is EGCG. Preclinical evidence
shows that EGCG has antioxidant (Yanyan et al., 2023),
anti-allergic/anti-inflammatory (Shaojie et al., 2023; Zeng
et al., 2023), antimicrobial (Buatong et al., 2023), antican-
cer (Woo Yong et al., 2024), anti-cardiovascular effects
(Péter et al., 2024; Ntamo et al., 2024).

Biopolymer-epigallocatechin materials

Biological properties

The effectiveness of green tea polyphenols relies on their
bioavailability. EGCG engages with cell membranes, trig-
gering internal signaling, and operates within cell com-
partments, such as cytosol, mitochondria, lysosomes,
and nuclei. The outcomes differ based on cell type,
stress, and EGCG level. Research indicates polyphenols’
broad health benefits, such as antimicrobial, anticancer,
and antioxidant properties, which are assessed through
diverse studies and trials. The following section elabo-
rates EGCG’s biological functions in more detail. The
mechanism of action and physiological effects of EGCG
are illustrated in Figure 2.

Antioxidant activity

Natural antioxidants utilized in food packaging films
consist of complex molecular structures mainly sourced
from plant extracts and essential oils, each presenting
distinct benefits and challenges. It is essential to under-
stand that every natural antioxidant employed in food
packaging has its shortcomings, and these constraints
require thoughtful consideration and creative solutions.
Antioxidants derived from plant extracts can release cru-
cial compounds from packaging materials, which help
in shielding food products from oxidative stress induced
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Figure 2. The mechanism of action and physiological effects of EGCG.

by free radicals, oxidative intermediates, and secondary
degradation products. Besides their protective functions,
these natural substances exhibit substantial antimicrobial
and antifungal characteristics that contribute to better
food quality and safety (Dominguez et al., 2018; Oroian
and Escriche, 2015). Consequently, there is a growing
interest in exploring and developing new antioxidant
agents from various plant resources. Natural antioxi-
dants are divided into three primary categories: (i) vita-
mins, such as ascorbic acid (vitamin C) and tocopherols
(vitamin E), recognized for their health advantages; (ii)
carotenoids, including pigments such as beta-carotene
and xanthophylls, which provide protective functions;
and (iii) polyphenols, an extensive category that includes
flavonoids, phenolic acids, lignans, and stilbenes, each
adding to antioxidant capability (Rangaraj et al., 2021).
The overall efficacy of these compounds in counteracting
oxidative stress primarily relies on their specific chemi-
cal characteristics and the extraction methods applied.
Furthermore, the antioxidant potential of phenolic con-
centrates or essential oils is closely connected to their
content of polyphenolic compounds. Extracts or essen-
tial oils rich in polyphenols are regarded as highly effec-
tive antioxidants for creating active packaging films and
coatings. These polyphenolic compounds serve as potent
reducing agents, efficiently neutralizing free radicals that
jeopardize food quality (Papuc et al., 2017).

Meanwhile, scientific research has demonstrated that
EGCQG has strong antioxidant abilities. It has exhibited a
greater capacity to counteract free radicals than other cat-
echins, establishing its significance in antioxidant studies.
The molecular structure of EGCG, characterized by eight

hydroxyl groups, is crucial to its antioxidant effective-
ness (Gan et al., 2018; Legeay et al., 2015). Furthermore,
EGCG’s capacity to chelate metal ions such as iron, cop-
per, chromium, and cadmium is attributed to the phe-
nolic groups in its structure. The antioxidant properties
of EGCG depend on its polyphenolic groups needed for
electron transfer, leading to turning off different types of
active oxygen. The presence of trihydroxyl in the EGCG
ring leads to an increase in its antioxidant properties (Li
et al., 2023). Studies conducted in laboratory conditions
on the structure of oils such as lard, corn, and soybean
oil showed the antioxidant properties of EGCG well
(Song et al., 2021). In addition, EGCG has been reported
to reduce certain metal ions, which are known to be
involved in the generation of harmful ROS. Although
EGCG may produce ROS through certain chemical reac-
tions, its conversion to H,O, by superoxide dismutase
(SOD) is crucial for preventing further oxidative damage.
Moreover, studies have indicated that EGCG treatment
may lead to an increase in SOD activity in rats with acetic
acid-induced colitis (Oliveira et al., 2016; Yanyan et al.,
2023; Ntamo et al., 2024). This increase in SOD activity is
influenced by the unique molecular structure of EGCG,
which contains two catechol groups, three gallate groups,
and two hydroxyl groups. These findings contribute to
our understanding of the potential health benefits of
EGCG and its mechanisms of action (Huimin et al., 2024;
Mengmeng et al., 2024).

Anti-allergic and anti-inflammatory properties

By inhibiting the release of various chemical media-
tors, such as histamine, leukotrienes, and hexosamin-
idase, polyphenols lead to cytokine production, signal

28

Quality Assurance and Safety of Crops & Foods 17 (3)



transmission, and gene expression (in mast cells, T cells,
and basophils), ultimately leading to interference in aller-
gic reactions. In addition, creating a complex between
the compounds of polyphenols and proteins prevents
the identification of allergen antibodies and reduces the
binding between immunoglobulin E (IgE) and allergens.
Regulation of intestinal microbiota by polyphenolic com-
pounds contributes to the anti-allergic/inflammatory
properties of these compounds (Zeng et al., 2023). EGCG
is known as a strong anti-inflammatory compound with
therapeutic properties. This compound leads to the inhi-
bition of apoptosis of activated neutrophils. It inhibits
chemokine-induced neutrophil chemotaxis and blocks
neutrophil-induced devascularization in an inflamma-
tory angiogenesis model (Jiachen et al., 2022).

Antimicrobial activity

Green tea compounds, through various methods, such
as inhibition of cell membrane and cell wall synthesis,
nucleic acid and protein synthesis, inhibit metabolic
pathways, such as iron chelation, oxidative stress, extra-
cellular matrix virulence factors, toxins, etc., and have a
wide-range of activity against different types of micro-
organisms (bacteria, viruses, and fungi) (Koksoy and
Ragbetli, 2024). EGCG demonstrates antibacterial effects
through unique mechanisms in both gram-positive and
gram-negative bacteria. In gram-positive bacteria, EGCG
disturbs the production and functionality of bacterial cell
wall. This disruption weakens the structural stability of
cell wall, ultimately hindering the bacteria’s capacity to
sustain vital cellular functions. Conversely, the action
of EGCG on gram-negative bacteria is more intricate.
It entails the formation of ROS as well as the generation
of water. These reactive entities induce oxidative stress
within bacterial cells, resulting in cellular damage and
death. The production of ROS not only interferes with
essential metabolic activities but also harms cell mem-
brane, leading to complete destruction of bacterial cell.
Through these methods, EGCG appears to hold poten-
tial as an effective treatment against numerous bacterial
strains (Zhang et al., 2023c). In addition, it prevents the
formation of essential structural components for bacterial
integrity, such as cell walls and membranes. Additionally,
EGCG disrupts key biological functions by inhibiting the
synthesis of proteins and nucleic acids, impacting meta-
bolic processes. Notably, it neutralizes bacterial virulence
factors, including toxins and extracellular matrix com-
ponents (Koksoy and Ragbetli, 2024; Mittal et al., 2021).
Siriphap and colleagues (2022) investigated the in vitro
antibacterial properties of EGCG against multidrug-re-
sistant (MDR) Vibrio cholerae. Their findings revealed
that all 45 clinical isolates were sensitive to EGCG, with
minimum inhibitory concentration (MIC) and mini-
mum bactericidal concentration (MBC) values ranging
from 62.5 to 250 pg/mL and 125 to 500 pug/mL, respec-
tively. The mode of action of EGCG is associated with
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the disruption of bacterial cell membranes. This includes
binding to cell membrane, causing damage, hindering
bacteria’s ability to adhere to host cells, preventing bio-
film formation, disrupting quorum sensing, and affect-
ing bacterial membrane transport mechanisms (Siriphap
etal., 2022).

Anticancer properties

Nowadays, because of high mortality caused by cancer,
there is a need for new treatments to combat the same.
One of the effective compounds for cancer treatment is
EGCG and its derivatives. In biological studies (in vitro
and in vivo), EGCG has antitumor activity against skin,
bladder, adrenal glands, cervix, breast, stomach, esopha-
gus, liver, prostate, oral, lung, colorectal, and ovarian can-
cers. Most of the laboratory studies of EGCG have been
conducted with doses in the range of 5-200 pM. The
mechanism of antitumor activity of EGCG is proposed in
various studies, such as inhibition of adhesion, invasion,
migration, growth/proliferation, suppression of angio-
genesis, and metastasis (Pawel et al., 2023). On the other
hand, EGCG-assisted therapies need further improve-
ments in terms of safety, bioavailability, low absorption,
specificity, and stability. Nano-based approaches can
significantly improve the anticancer properties of EGCG
against different types of cancers. Polymeric nanoparti-
cles have shown the potential to deliver and protect mol-
ecules against adverse conditions. In this context, we can
mention nanoparticles (targeting folate receptor) loaded
with EGCG for prostate cancer cells (Read et al., 2023).

Cardiovascular benefits

According to studies, EGCG causes the capillaries to
dilate by increasing capillary blood circulation. It reduces
inflammation and interferes with fat absorption and
digestion. This process is caused by the direct interaction
of mesyl formation and inhibition of phospholipase A2.
Connecting these two processes can limit the absorption
of fat, and finally resulting in a decrease in the amount of
plasma lipids and cholesterol. EGCG can further reduce
cholesterol and stimulate its excretion through bile. Also,
EGCG improves lipid profile by increasing lipid metabo-
lism (Granja et al., 2017).

Other properties

Epigallocatechin gallate acts as an important anti-uterine
fibroid agent, and this process is carried out by modu-
lating multiple signal transmission means because of its
inhibitory effect on catechol-methyltransferase (Siblini
et al., 2023). In addition, EGCG has beneficial effects on
patients with nonalcoholic fatty liver disease. This pro-
tective effect can be in the form of stopping the activation
of hepatic stellate cells and regulating lipid metabolism
(Ding et al., 2023). EGCG is also widely used in various
tissue engineering implants, wound healing, and pros-
thetics (Péter et al., 2024).
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Interactions of epigallocatechin gallate with biopolymers

In the realm of polyphenolic compounds, intricate details
regarding the presence, arrangement, and orientation
of various functional groups are crucial in determining
their technological properties. Specifically, in phenolic
acids, the position and abundance of hydroxyl (-OH)
functional groups significantly influence important
characteristics, such as adhesion, cross-linking ability,
antibacterial activity, and antioxidant properties. One
prominent example of such a polyphenolic compound
is EGCQG, which is notable for its multifaceted structure
formed through the esterification reaction between gal-
lic acid and epigallocatechin (Zhang et al., 2023a, 2023b).
Structurally, EGCG is characterized by the presence of
three aromatic rings, a single dihydropyran heterocyclic
ring, and an impressive eight phenolic hydroxyl groups.
These hydroxyl groups are key players in facilitating the
biological activity of EGCG, contributing to its ability
to scavenge free radicals and exert various health bene-
fits. However, the abundance of these phenolic hydroxyl
groups also introduces complexities regarding the practi-
cal application of EGCG in various formulations (Yanyan
et al., 2023; Yue et al., 2023).

The polyhydroxyl nature of EGCG enhances its solubil-
ity in aqueous environments, making it readily dissolv-
able in water. This property, although beneficial in many
contexts, simultaneously limits its solubility in lipophilic
(fat-based) systems. As a result, this reduced fat solubility
presents challenges for its incorporation into lipid-rich
formulations. Moreover, EGCG’s capacity to permeate
through cellular membranes is impeded by its limited fat
solubility, leading to decreased bioavailability and hin-
dering effective delivery to specific target sites within the
body (Kciuk et al., 2023; Shaojie et al., 2023).

Delving deeper into its molecular structure, EGCG fea-
tures a tri-hydroxyl group positioned on the B ring,
a di-hydroxyl group located on the A ring, and a tri-
hydroxyl group contributing to gallate moiety (D ring),
which is esterified at the third carbon of the C ring. These
distinctive functional groups in EGCG not only partic-
ipate in a range of biological activities but also have the
potential to interact with biopolymer film matrices. For
instance, abundant hydroxyl groups in EGCG engage
in hydrogen bonding with the side chains of gelatin, a
common biopolymer used in various applications. This
interaction is particularly noteworthy because the con-
centration of EGCG incorporated into gelatin-based
films can significantly influence their mechanical prop-
erties, including strength and extensibility. Consequently,
the formulation and concentration of EGCG are criti-
cal factors that dictate the performance characteristics
of fish gelatin-based films, ultimately impacting their
usability in commercial products (Peng et al., 2023).

Wangli and colleagues (2022) conducted an in-depth
study to investigate interactions between EGCG and
chitosan films, focusing on how these interactions influ-
ence the films’ physical and mechanical properties.
Their research revealed that chitosan films infused with
EGCG exhibited notable differences compared to pure
chitosan films. Specifically, the infused films were found
to be thicker, which could be attributed to the incorpo-
ration of EGCG into chitosan matrix. The mechanical
properties of the films were also improved significantly;
chitosan films with added EGCG displayed enhanced
tensile strength, indicating a greater resistance to break-
ing under tension. Additionally, these films demonstrated
higher water solubility, which suggests that the presence
of EGCQG alters the interaction of biopolymer with water,
potentially making the films more versatile for various
applications. Moreover, the study noted a reduction in
several parameters: moisture content (MC), swelling
degree, and water contact angle (WCA). These changes
imply that the EGCG infusion may lead to better barrier
properties against moisture permeation, which is critical
for applications in food packaging and other fields where
moisture control is essential. FTIR spectroscopy analysis
provided further insights, confirming that the interaction
between EGCG and chitosan primarily occurs through
intermolecular hydrogen bonding. This interaction not
only facilitated an improvement in the mechanical prop-
erties but also contributed to enhancement in the ther-
mal stability of chitosan films.

The combination of chitosan and EGCG was character-
ized by various types of chemical interactions, includ-
ing hydrogen bonds, electrostatic interactions, and ester
bonds. The EGCG molecule, rich in hydroxyphenolic
groups, plays a crucial role in strengthening these inter-
actions, reinforcing the structural integrity of biopoly-
mer framework. As a result, this reinforcement leads to
increased tensile strength of films. However, studies also
pointed out that improved interactions could potentially
hinder optimal crosslink formation between EGCG and
chitosan chains. This effect might reduce the flexibility of
polymer chains, subsequently decreasing elongation at
break, which is an important factor for the mechanical
performance of films. Thus, while the addition of EGCG
provides several advantages, it also introduces certain
trade-offs that are carefully considered for the potential
applications (Wangli et al., 2022).

Epigallocatechin gallate exhibits remarkable stability
because of its ability to form multiple hydrogen bonds
when interacting with various nanomaterials. Recent
research has explored the application of nanotechnol-
ogy to enhance the incorporation and retention of active
substances within these materials. This involves either
embedding these substances directly into the matrix of
nanomaterials or adsorbing them onto surfaces, both of
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which significantly improve the stability of coatings or
films while also bolstering their mechanical properties.
Among the diverse array of functional nanomaterials,
melanin-like nanoparticles (MNPs) have emerged as a
noteworthy class because of their environment-friendly
nature and safety profile. These nanoparticles possess
unique characteristics that make them particularly
advantageous for enhancing the functionality of bio-
polymer-based films. Their n-conjugated structures,
combined with the presence of functional groups, such
as amino groups, quinone groups, and hydroxyl groups,
allow for effective interactions with a wide range of active
compounds. Specifically, they can engage in n-mt stacking
and/or hydrogen bonding interactions, which are crucial
for maintaining stability and functionality.

EGCG’s own structure features a phenolic ring system,
characterized by its aromatic properties. This structure is
conducive to establish stronger interactions with MNPs,
thereby creating an optimal environment for the function-
alization of biopolymer films. The enhanced interaction
between MNPs and EGCG not only facilitates improved
stability but also amplifies the overall performance
of resulting composite materials (Zhao et al., 2022).

Biopolymer-epigallocatechin materials

In another study, Liang and co-workers (2017a) devel-
oped chitosan nanoparticles (CS NPs) that were effec-
tively coated with zein, highlighting their potential as an
innovative encapsulation and delivery system for bioac-
tive compound EGCG. They undertook a series of anal-
yses to examine these nanoparticles’ physicochemical
and structural properties, identifying that electrostatic
interactions and hydrogen bonding predominantly influ-
enced formation processes. Interactions between zein’s
hydrophobic regions and encapsulated EGCG resulted in
a more compact nanoparticle structure, enhancing sta-
bility and potentially improving the delivery efficacy of
EGCG. Furthermore, reduction in particle size observed
during the encapsulation process was closely associated
with the electrostatic interactions between zein/chitosan
nanoparticles and EGCG molecules (Liang et al., 2017a).

Absorption and metabolism of epigallocatechin gallate

Key metabolic pathways of EGCG in the human body are
shown in Figure 3. EGCQG is first absorbed in the intestine
after consumption. Intestinal microbiota plays an import-
ant role in the metabolism of EGCG. Only insignificant
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