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Abstract

Plastic-based films that are commonly used in the food packaging industry are tough to recycle due to their sorting
issue and these films do not decay as they photodegrade into microplastics. These microplastics transport from the air
and accumulate in soil, storm drains, and waterways. Recent initiatives in the food packaging industry have led

to the development of edible and biodegradable films as sustainable alternatives to synthetic polymer-based

plastics. These films, which are biocompatible, biodegradable, and serve as protective coatings on food surfaces, are
designed to enhance shelf life by guarding against oxidation, moisture, and microbial spoilage. Recent advancements
in polymeric films resulted in the development of high-performance, UV-blocking, nano-engineered, and intelligent
pH-sensitive films, along with multilayer, heat-sealable, and active variants. These advanced materials not only prevent
food deterioration but also facilitate the early detection of spoilage. However commercial success of these films which
have been developed at a lab scale is still challenging due to unsatisfactory mechanical, barrier, thermal, and optical
properties than synthetic films. Furthermore, an in-depth understanding related to human interaction, biodegradabil-
ity, safety studies, scalability, and machinability is required to develop sustainable bioplastic films.
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Introduction

Recently, a wide range of films have been extensively
studied for their diverse applications in the food pack-
aging industries. The ultimate goal of these films is to
prevent food spoilage and extend its shelf life [1]. At the
same time, films offer an efficient solution in replacing
polyethylene terephthalate, polypropylene, low-density
polyethylene, linear low-density polyethylene, medium-
density polyethylene, high-density polyethylene, polypro-
pylene, polycarbonate, polyvinyl chloride, polyvinylidene
chloride, polyamide/nylon. The multiple solutions offered
by biopolymeric films in terms of improving the quality,
preventing spoilage and shelf life, and decreasing plastic
load always attract researchers to advance their knowl-
edge in edible films. As plastics-based films can be eas-
ily molded, sealed, printed, resistant against pathogenic
microorganisms, and more durable, they are still leading
the food packaging industry. However, due to the move-
ment of microplastics from plastic material into foods as
well as its possible concerns on human health and chal-
lenges in recycling these materials, biodegradable films
are assessed as a substitute for synthetic plastics. Thus,
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due to consumer awareness and a mounting requirement
for “green” alternatives, researchers are more focused on
the development of sustainable films [2].

Most of the studies related to films emphasize the
improvement of thermal, mechanical, barrier, optical,
antioxidant, and antimicrobial properties. These films
are made up of natural polymers such as gelatin, sodium
alginate, casein, chitosan, starch, cellulose, etc. and thus
they are biodegradable. These natural films are thin with
a thickness of <0.25 mm and act as an efficient barrier
against the movement of moisture, oxygen, and solute.
Edible films are often confused with edible coatings. Edi-
ble films typically refer to thin layers of edible materials
that can encapsulate or cover food items, whereas edible
coatings are directly applied onto the surface of food
products. Innovation in biopolymer films resulted in the
development of a different range of films such as compos-
ite films, 2D materials, 3D printed films, superhydropho-
bic/hydrophilic films, smart and intelligent pH sensitive
films, mono or multilayer films, nano-engineered films,
active films, plasticized and cross-linked films (Fig. 1).
Such advancement helps in offering efficient solutions
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Fig. 1 Comprehensive spectrum of biodegradable films utilized in food

against food contamination, spoilage and at the same
time it also helps in understanding whether these natu-
ral polymeric films are comparable to plastic films or not.
This short review article provides systematic information
about the recent advancements in biopolymeric films.

Different range of films

Anti-sprouting films

The polymeric materials used in the films serve as carri-
ers to deliver natural anti-sprouting agents such as essen-
tial oils. As conventional fogging with chlorpropham
causes several health and environmental problems thus
fogging with essential oils is considered as an alterna-
tive approach. Wider acceptance of essential oils such as
spearmint (Mentha spicata L.) as an efficient anti-sprout-
ing treatment in postharvest storage of potatoes [3] is
also evidenced. However high volatile nature of these oils
restricts their applications as potential fogging agents.
Thus, loading essential oils in a polymeric delivery system
such as films that will allow extended release of essential
oils would be advantageous in preventing targeted food
sprouting during the storage and supply chain. A recent
study showed the development of active carboxymethyl
cellulose films loaded with citral could be considered an

3D printed films
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effective anti-sprouting film to maintain potato quality
and storability during marketing and household storage
[4].

High-performance UV-blocking films

Ultraviolet rays deteriorate food by encouraging pho-
tooxidation and changing the nature of photosensitive
components present in the food. Thus, high-performance
UV-blocking films can act as a protective screen to pre-
vent the photooxidation of packaged food. The incor-
poration of UV-blocking agents such as nanomaterials,
phytochemicals, or natural plant extracts in polymeric
matrix improved the shielding ability of the films. Cur-
cumin, ZnO, TiO, silver nanoparticles, and several
plant-based extracts have been studied as potential UV-
blocking agents with different polymeric matrixes [5].

Nano-engineered films

Nanocomposite material enhances the surface area, thus
improving the loading volume of active components,
its thermal stability, and the mechanical properties of
the films. These nano-engineered materials can signifi-
cantly improve the physicochemical, mechanical, ther-
mal, optical, and bioactive properties of films. Several
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nanomaterials including multi-walled carbon nanotubes,
organic (nano-cellulose) and inorganic (metal and metal
oxide nanoparticles) with exclusive properties such as
light barrier, adhesion, anti-oxidative and antimicrobial
effects have been used in films and coating materials [6].

Two-dimensional materials films

Two-dimensional materials such as nano-cellulose, metal
nanoparticles, and carbon nanotubes have been studied
to enhance the barrier, thermal, and mechanical prop-
erties of food packaging materials. Several 2D materials
have been studied in the form of graphene, transition
metal dichalcogenide, hexagonal boron nitride, layered
double hydroxides, graphitic carbon nitride, transition
metal carbides, and nitrides in food packaging. These
two-dimensional materials offer optoelectronic charac-
teristics, large surface area, and good photocatalytic and
electrocatalytic, antioxidant, and antimicrobial proper-
ties [7].

Multi-shaded films

A recent study showed the application of food color in
developing gelatin and starch-based multi-shaded films
which can enhance consumer acceptability, especially in
confectionary industries for products like candies. This
study showed the effect of different food color on the
physical and chemical properties of gelatin and starch-
based films [8].

Such colorful eye-catching films can attract the con-
sumer’s attention and at the same time can be utilized in
differentiating similar food products. Colorful packaging
material also helps in presenting brand recognition, and
product quality, differentiating the diverse range of food
products.

Taste masking or modifiers coated films

Masking or modifying food taste is one of the challeng-
ing tasks of the flavor trade. There is a wide range of taste
modifiers studied before. Some retain high sweetness
and others exhibit slight or no sweetness response. There
are several taste modifiers such as glycyrrhizin, neohes-
peridin dihydrochalcone, thaumatin, neotame, miracu-
lin, maltol, ethyl maltol, lactisole, alanine, glycine, lysine,
adenosine monophosphate. Excessive salty, sour, bitter,
astringent, etc. food, that is highly nutritious, needs taste
masking treatments to improve consumer acceptability
in terms of health, convenience, and good flavor. These
taste modifiers (natural or food-grade synthetic) can be
incorporated into the coated films to increase consumer
acceptability towards unpleasant food. At the same time
encapsulating these flavoring agents in the suitable poly-
mer and coating food with respective polymer can offer
the controlled release of flavoring agents. Moreover, the
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inclusion of flavoring agents can improve the mechani-
cal, thermal, barrier, and other crucial properties of the
coated material [9]. Unfortunately, so far, such films or
coated materials are not available yet, however, coated
materials or films can bring a revolution in the food
industry for food which were not accepted by the con-
sumers because of unpleasant taste.

Odor-masking films or coating materials

Edible films and coating materials can be potentially used
to mask the undesirable odor of highly nutritious food or
vegetables such as onion, garlic, durian, tempeh, harzer
cheese, hakarl, and sulfur-containing vegetables. Vinegar,
essential oils, herbs and spices, and many other agents
have been used to modify the odor of the food [10].
Edible films or coating materials’ potential has not been
explored yet as odor-masking edible films for food that
have an undesirable odor. Using films or coating mate-
rials loaded with masking agents for unpleasant food
smells could be considered a reliable approach in offer-
ing the control and prolonged release of masking agents.
At the same time, this type of treatment can improve the
physical, chemical, and biological properties of the films.

Oxygen, water, and carbon-dioxide resistant films

Gas as well as water vapor barrier features of a film differ
significantly with morphology (pinholes), composition,
architecture (mono-multilayer), thickness, and occur-
rence of bubbles in the films. Water-soluble polymeric
films made up of protein and polysaccharides usually
display excellent gas barrier properties. Films fabricated
from proteins and polysaccharides are likely to display
outstanding oxygen barrier properties. This is because
of the tightly packed, well-organized hydrogen-bonded
network structure. Thus, spoilage of food due to respi-
ration reactions as well as degradative oxidation can be
possibly controlled by using such polymers [11]. How-
ever, at the same time, they display unsatisfactory water
barrier properties due to their hydrophilic nature. Thus,
the addition of hydrophobic substances such as lipids,
beeswax, oils, and fatty acids could be a reliable approach
to restrict the migration of water vapors across the mate-
rials. However, such modification can result in films with
poor mechanical properties [12].

Other approaches such as fabricating multilayer films
or composite films (protein-lipids-polysaccharide),
reducing water activity and pH have been also studied to
improve the barrier properties of these films [13]. Oxy-
gen from the environment can pass through the mem-
brane during the drying phase, called retort shock [14].
The incorporation of oxygen scavengers or absorbers
such as antioxidants, photosensitive dyes, enzymes (oxi-
dase, laccase, and oxalate oxidase), and nano-iron in the
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food packaging material have been also studied to restrict
the migration of oxygen. Oxygen scavenging films can
also be prepared by surface immobilization [14]. Nano-
active oxygen-absorbing films such as nano-iron-contain-
ing kaolinite incorporated into HDPE films as an active
oxygen-scavenging film, along with polyolefin nanocom-
posites have recently been studied [15].

Carbon dioxide is valuable for the modified-atmos-
phere packaging of foods, however high level of carbon
dioxide in the packaging material could be harmful to the
food quality and the reliability of the packaging material.
This is mainly observed among foods that produce CO,
including fresh produce and fermented foods. In such
cases, it is important to add CO, absorbers in food pack-
aging material to preserve the quality of the food and the
integrity of the package. Besides chemical absorbers like
calcium hydroxide, sodium carbonate, amino-acid salt
solution, and calcium oxide, physical adsorbents such as
zeolite and activated carbon can be used to adsorb CO2
gas. CO2-absorbing material can be added to films for
their application in the food packaging industry. Such
absorbent can be added to the films to enhance the CO,
absorption capability of the films and study their effect
on their physical and chemical properties [16]. Incor-
poration of hydrophobic substances, cross-linkers, fab-
rication of multiple layer films, using water-resistant
polymers (such as milk protein, ethyl, cellulose, PLA,
etc.), treatment with divalent ions and other approaches
can improve the water barrier property of the films [17,
18]. However, the addition of hydrophilic substances like
plasticizers increases film hydrophilicity, which in turn
encourages water vapor permeability [19].

Heat-sealable or thermal-resistant films

Heat sealing is a simple and cost-effective approach to
processing films into soluble pouches, bags, packets, or
sachets. Unfortunately, several neat polymers displayed
poor heat sealability which restricts their applications in
the food packaging industry. Recent research showed that
the addition of nano clay can enhance the seal strength
of the films. Similarly, the addition of nanomaterials such
as inorganic nano compounds, nanofibers, nanotubes,
nanocrystals, and crosslinkers can improve the thermal
stability of films [20, 21]. However, the addition of such
nanomaterials raised safety concerns as well.

Transparent films

Transparency of the films or coating material is an
important attribute as it allows the visual inspection
of food such as meat and meets the consumer require-
ments. Starch, gelatin, chitosan, cellulose derivate
(hydroxyethyl cellulose), and other polymer-based films
are transparent [22-24]. Ultra transparent glossy and
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stable films can be prepared using the right biopolymer
in the films. For an instance starch, gelatin, and cellu-
lose can result into whitish, yellowish, and translucent
films whereas using polylactic acid transparency can be
improved.

2D and 3D printed films

The classical casting approach used for the preparation of
films always resulted in films with significant variations
in thickness. Recent advancements in printing technol-
ogy allowed the improvement of films in terms of uni-
formity in thickness and other morphological attributes
which can be further confirmed by SEM. This attempt
to print films requires the proper selection of printable
biopolymers and their understanding related to rheologi-
cal consideration [25, 26].

Super-hydrophobic/hydrophilic films

Non-wetting surfaces offered by super-hydrophobic coat-
ing materials display excellent anti-fouling as well as self-
cleaning properties. The idea of fabricating such materials
was stimulated by lotus leaves. Ideal super-hydrophobic
material for food packaging applications must be cost-
effective, simple, and restrict the migration of hydropho-
bic substances into the food. Several approaches have
been used to synthesize the super-hydrophobic coating
material. The addition of micro/nanoscale structures
as well as low surface energy can provide a high-water
contact angle and a small sliding angle. The addition
of fluorinated materials and electrostatic spinning of
hydrophobic polymers were utilized to fabricate super-
hydrophobic coatings. However, due to the high cost and
unsuitability of electrospinning for the large-area coat-
ing and the recent classification made by the U.S. Envi-
ronmental Protection Agency for fluorinated materials as
“emerging contaminants’, both procedures seem unsuit-
able. Waxes obtained from natural sources such as can-
delilla wax, beeswax, and rice bran wax can be utilized
as ideal super-hydrophobic coatings for food packing. As
incorporation of such materials has not compromised the
thermal stabilities of super-hydrophobic coatings materi-
als [27, 28].

However, super-hydrophilic films can also be utilized
where anti-fogging surfaces are sometimes preferred
or food surfaces are highly hydrophobic. Hydrophilic
polymers, using plasticizers or any hydrophilic agent are
enriched with hydroxyl-, carbonyl-, carboxyl-, amino,
sulfhydryl-, and phosphate groups and can be used to
make the surface water loving. Plasma treatment is fre-
quently used to synthesize hydrophilic films, at least
temporarily.



Shah et al. Biotechnology for Sustainable Materials (2024) 1:2

Smart and intelligent pH-sensitive films

pH-responsive smart packaging biopolymers-based
films loaded with natural food colorants consist of solid
matrix and pH-sensitive dye. Biopolymer serves as a
solid matrix whereas pH-sensitive dye (synthetic or
natural) provides color response to the film. Curcumin,
anthocyanins, and phycocyanin are used as natural dyes,
however, still researchers are looking forward to natural
and safe colorimetric indicators, which must be highly
sensitive, reliable, and responsive. Such smart and intel-
ligent pH-sensitive films have been used to detect food
spoilage caused by undesirable microorganisms and their
metabolites. This approach allows the real-time monitor-
ing of food quality and spoilage. This advancement in col-
orimetric techniques allows for efficient real-time quality
monitoring of packaged foods by detecting noticeable
color changes [29].

Multilayer films

Changing the architecture of the films significantly
impacts the films’ physical and chemical properties. For
instance using engineering approaches like supramolecu-
lar thin films, stimuli-responsive nano- or micro-parti-
cles, and multifunctional hydrogel can result in films with
advanced features [30]. Polymer structure/architecture
alteration, modification in crystallinity, melting blending
/multi-layer co-extrusion, nanotechnology, and surface
coating have been used to make food packaging material
with advanced properties [31]. Multilayer films consist-
ing of barrier, active, and control layers can also improve
the functional performance of the films. The barrier layer
acts as a shield against moisture, oxygen, and microor-
ganisms present in the environment whereas the active
layer contains antioxidants, antimicrobials, or nutrients
which can be designed in a way to retain active compo-
nents and provide control/prolong supply. These active
components migrate from the control layer to the food at
the desirable rate.

The innermost control layer is in direct contact with
food and is intended to control the release rate of active
components. The performance of these layers can be
adjusted depending on the external environment (humid-
ity, temperature, food properties) and internal properties.
Polymer features (such as hydrophilicity, crystallinity,
swelling, thermal stability, and barrier properties) and
active constituent features (such as molecular mass, ratio,
and solubility) are considered internal environment fea-
tures [32].

Active films
Active films are those films that contain active constitu-
ents such as antimicrobials, antioxidants, and nutrients
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to prevent microbial growth and oxidation reactions and
improve the nutritional value of the food. In the majority
of the research natural products have been used as active
ingredients in various films, without considering the fact
related to safety, complexity, and the release kinetics of
their components. Active packaging materials must be
designed in a way to retain these active components and
provides the prolonged/controlled release of the compo-
nents [32].

Plasticized and cross-linked films

Plasticized and cross-linked films are of great impor-
tance as crosslinking and plasticization of the film com-
ponents significantly impact the mechanical, thermal,
and crystalline properties. Plasticizer generally increases
the free volume by augmenting the polymer chain mobil-
ity whereas cross-linkers restrict the chain mobility and
thereby decrease the free volume. Plasticizers improve
film flexibility and resilience whereas cross-linkers
reduce film flexibility [33, 34]. Thus, proper selection of a
type and amount of plasticizer or cross-linker can result
in films with desirable thermal, mechanical, and barrier
properties. Different range of films and their specific
application has been presented in Table 1.

Challenges

Recently biopolymeric films received a lot of attention
however these films also face the following challenges
when it comes to their production from laboratory to
large scale.

Inadequate mechanical strength

Synthetic films like LDPE (Low-density polyethylene)
are commonly used in plastic pouches, bags, wraps, and
films due to their high flexibility and resistance against
moisture, tearing, and chemicals [52]. LDPE-based pack-
aging films mostly end up in landfills after single use as
they are not commonly recycled due to their flexible
nature, low strength, and low cost [53]. Recycling mon-
olayer LDPE-based films is very difficult because of their
contamination with foreign materials and sorting (as per
the type and grading of plastics) related challenges [54].
Thus, such films could be alternatively replaced with bio-
degradable polymer-based films such as polylactic acid
(PLA) and many others. Even a blend of LDPE with bio-
degradable polymer has been reported to increase the
biodegradability of low-density polyethylene (LDPE) [54].
A recent study explained that the degradation of LDPE-
chitosan might be triggered by the existence of chitosan
as a nutrient source for microbial growth [55]. EAB val-
ues of LDPE varies in between 300-500%, though some
of the reports confirmed EAB>1000. However tensile
strength of LDPE ranged in between 10-18 Mpa which
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is comparable and even less than biodegradable films [52,
56].

It is challenging for natural polymer-based films to
beat the elongation at break (EAB) of LDPE and to
achieve more flexibility which is a prime requirement of
films when they are used as a wrapping material. Thus,
approaches like blending natural polymer with LDPE
could be an attractive approach to increase the EAB and
biodegradability profile of the films [55]. Films without
plasticizers are brittle, however, their tensile strength is
comparable to synthetic films, they show poor film-form-
ing properties when compared to synthetic films. The
addition of an optimum amount of plasticizer improves
the EAB values and can ease out the production of multi-
layer, nanoengineered, and multilayer films.

Unsatisfactory sealing performance

Due to less weight and low expense, flexible packaging is
usually favored over rigid packaging. Films can be used as
an excellent sealant to protect the packed product until
the consumer opens it for use. The requirement of seal
performance for different packaging varies depending on
the type of product and users. Seal performance depends
on the type of polymer/s involved and its interaction with
other additives such as plasticizers, tackifiers, crosslink-
ers, lubricants, slip agents, fillers, etc. The performance
of the seal strength is also dependent on the polymer’s
inherent properties such as the percentage of crystalliza-
tion which is again dependent on the molecular weight,
molecular weight distribution, and whether the polymer
chains are linear or branched. For instance, the variation
in crystallinity, impacts the melting temperature of the
polymer and thus can cause a shift in heat sealing, seal/
hot tack strength, and initiation temperature [57]. These
films when used as a sealing application, must be sealed,
as the mechanical fix is quite impossible. Most biopoly-
mer-based films cannot be sealed in their natural state
[58].

One of the major reasons for the unsatisfactory sealing
properties of these biopolymers such as chitosan, starch,
and chitosan as they degrade before they melt [59]. The
addition of a suitable plasticizer, and blending it with a
secondary polymer, multilayer, and nanoengineered
approach can improve the film sealability profile.

Scaling up challenges

Films show fluctuation in thickness. Generally, a thick-
ness less than 0.025 mm is considered as edible coating
while a thickness greater than 0.050 mm is considered as
edible films/sheets [60]. The compatibility of bioplastics
with production procedures like blown film extrusion or
cast film extrusion must be considered. In case multilay-
ers are considered, their compatibility with coextrusion
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and lamination procedures where they are used in com-
bination with one more polymer, paper, or foil. This pro-
cess includes heating and drying procedures which raised
a concern for the compatibility of biopolymers with such
operations.

Due to the non-compatibility of the biopolymer-based
films with several industrial operations such as blowing,
and sealing, failure in manufacturing continuous films,
challenges in controlling the thickness, high cost, and
long drying period, their commercialization is still chal-
lenging. Some of the adhesive biopolymers such as cel-
lulose stick firmly to the substrate and are thus difficult
to peel from the surface. On the other hand, some films
lose the moisture content during the drying procedure
resulting in challenges in peeling the films. Thus, to ease
out the peeling procedure optimal moisture content must
be in the range of 5 and 8% [61]. The suitability of the
composite and native biopolymer-based films with other
operations such as biaxial orientation (stretching of films
using rollers) must also studied [62].

Unsatisfactory water vapor and oxygen barrier property
The most used native hydrophilic biopolymer-based films
such as pectin, starch, sodium alginate, gelatin, collagen,
chitosan, and many other polysaccharides and proteins
have poor water vapor barrier properties because of their
hydrophilic nature [62-65]. However, these polymers
have moderate to satisfactory oxygen barrier properties
[65, 66].

Starch-based films have satisfactory oxygen barrier
properties. This is due to a highly structured hydrogen-
bonded network formed by amylose and amylopectin.
This ordered structure comprises alternate crystalline
and non-crystalline regions that control oxygen barrier
properties [50]. Thus, the addition of antioxidants, and
hydrophobic substances, changing the architecture (from
monolayer to multiple layers) can improve the barrier
property of the films.

Nanotechnology and 2D materials: safety and regulatory
concerns

Several reports showed that the addition of nanoparticles
and two-dimensional materials improved the properties
of films however their safety profile and toxicological
assessment are still unclear. High chance of nanoparti-
cles and two-dimensional materials movement from the
coating or films to fruit, as well as the chances involved in
human consumption increased in such films [6].

Edible films: are they edible?

Only a few research studies provide in-depth in vitro
digestion and in vivo assay-related studies to sup-
port that biopolymer-based films are edible, safe, and
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deprived of any toxic effects. It is important to study
the end products produced from these biopolymers
(or composite materials) after their degradation in the
gastrointestinal tract and their effect on human health
[67]. Toxicological studies of the films must be per-
formed to ensure their safety profile before asserting
them as edible. It is also important to assess the toxi-
cological profile of films treated with radiations, heat,
and chemicals to modify their properties. In recent
study, cold plasma treatment was tested to assess
whether its treatment resulted in the formation of
toxic compounds or not. The findings from this study
showed that cold plasma-treated edible film exhibited
less toxicity [68].

The toxicity of nano or two-dimensional materials
used in the food packaging to human health and to the
environment is also a subject of debate [69]. Moreover,
cross linkers, plasticizers, surfactants, and other addi-
tives used in the films must be assessed for their safety.
For an instance geniposidic acid, glutaraldehyde used
as crosslinkers have been reported for their inherent
toxicity. Thus, utilization of such additives must be
restricted [70].

The genotoxicity of the chitosan nanoparticles for
use in food packaging films was assessed and it was
found that 82 and 111 nm nanoparticles reduced
mitotic index values at the highest concentration
tested (180 mg/L), demonstrating their toxicity to the
cells [71]. Thus, it is important to control the size of
nanoparticle, intended to load into the films. Moreo-
ver, shape, surface charge, solubility, and degree of
agglomeration as well as on surface coating of the
nanoparticles must be considered. Moreover, argu-
ments based on the toxic compound formation or
other health-related issues have restricted the use of
photo polymerization to modify the surface of food
packaging polymers [72]. It is also important to assess
the inorganic composition of the biopolymers used for
food packaging. As natural polymers derive from waste
or plant or algal sources may contain traces of toxic
metals, such as arsenic, cadmium, lead, and mercury,
and other metals such as cobalt or iron. These toxic
metals can potentially migrate to food and thus pause
a safety concern to the human health. Understating
deeply about biopolymer (mainly composite films)
interactions with gastric digestive physiology could
shed a light on its degradative products formed after
their exposure to gastric environment. Hydrolyzed
products formed during this process and its further
impact over gastrointestinal tract must be assessed.
Natural polymers such as chitosan can cause allergic
reactions in some people since they are derived from
biological sources [73, 74].
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Lack of biodegradability studies in different medium

The degradation of biopolymer-based films differs in
diverse environments (soil, water, and compost). The
biopolymer-based films take considerably less time to
degrade than synthetic plastics. As xenobiotic-loaded
synthetic polymers have poor water solubility, high
molecular weight, and chemical structure, and thus
tough to degrade in a natural condition is limited. Lim-
ited studies are available to investigate the biodegradabil-
ity of the biopolymer-based films in different mediums
such as natural and compost soil as well as fresh water
and seawater. It was found that starch nanocomposite
showed a higher degradation rate in compost soil than in
planting soil [67]. Another study demonstrated that the
deterioration of chitosan-based film showed biodegra-
dation in all tested soils after 14 days [75]. Ahsan et al.
highlighted the biodegradation of several biopolymers
[76]. Still, a lot of studies must be encouraged to investi-
gate the biodegradability of the native biopolymer-based
film with the composite material and their percentage of
weight loss in a time-dependent manner. Furthermore,
in-depth understanding related to depolymerization, bio
assimilation, and mineralization of biopolymers and the
involvement of naturally occurring microorganisms, such
as bacteria and fungi in biodegradation and studying
their mechanism of action in mineralizing materials must
be explored in the future [76].

Human factors and biopolymeric films

It is also important to study the feedback from the con-
sumers about the experience of using films and how these
edible films interact with end users and different environ-
mental conditions. Films developed by using biopolymers
can be further utilized to develop pouches, bags, wrap-
ping material, laminates, etc. to pack the product effi-
ciently. However, its interaction with the packed food,
environment and the users must be considered. Post
marketing surveillance to collect feedback from the end
consumers plays a vital role in determining the how films
interact with environment, product, and users. For an
instance the following aspects must be considered prior
to the development of biopolymer-based films:

+ How the developed films would interact with variable
environment such as changes in humidity, tempera-
ture, and pressure during supply chain?

+ How these films would interact with humans while
packing and unpacking of targeted food?

+ After digestion, what would be the impact of these
films over the health of the users?

+  What would be the impact of these films on the envi-
ronment as biopolymers are active medium for some
pathogenic microorganisms and their disposal as well
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as their significant accumulation in the environment
could pause a concern?

+ How these films can be further developed into
pouches, bags and other packaging materials with
efficient design considering the suitability of food
product as well as users?

Lacking legal considerations

Legal consideration for films is still unclear. FDA, ISO,
and the European Union have notified certain consid-
erations for edible films [77]. As per EU rule, 1935/2004,
food contact materials should not transfer harmful
components into food [77]. The films for food packag-
ing application must be Generally Recognized as Safe
(GRAS) as per the recommendation of the American
Food and Drug Administration (FDA) federal agency
[60]. Depending upon the type of chemicals present in
the food industries, the Food Drug Administration and
European Food Safety Authority grouped chemicals into
three different classes food coating materials, food con-
tact articles, and food contact substances. Regulations
no. 1935/2004 and no. 2023/2006 must be followed for
the packaging necessities and food coating materials
[78]. Biopolymer which is not GRAS approved can cause
toxicity and allergic reactions, and thus cannot be used
for edible coatings [78]. The carnauba or bee-wax-based
coating materials are approved in India by the Prevention
of Food Adulteration Act for coating fruits and vegeta-
bles [79].

Lack of studies on the blend of biopolymer and plastic
films

Less studies are available combination of synthetic mate-
rials with biodegradable materials to improve the physi-
cal and chemical properties of the films and study its
impact on the processability and compatibility of the
materials. A recent study showed that chitosan addition
resulted in approximately a hundred times larger biodeg-
radability compared to plastics based on LDPE alone [55,
79].

Conclusion

In conclusion, the persistent use of synthetic polymers
in the food packaging industry, despite bans on non-
degradable plastic bags, has prompted the exploration of
innovative alternatives. Edible films, biodegradable and
biocompatible materials, have emerged as a promising
solution to address the environmental concerns associ-
ated with traditional plastic packaging. This review high-
lights the diverse forms of films and their applications
as advanced food packaging materials. These innova-
tive solutions not only address environmental concerns
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but also offer enhanced functionality and performance,
marking a significant step forward in sustainable and
effective food packaging solutions. Additional research
is necessary to investigate and address the challenges
related to the scaling up of these films with the aim of
substituting conventional plastic films.
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