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The food sector addresses perhaps of the main business with regards to degree,
speculation, and variety. In a forever evolving society, dietary requirements and in-
clinations are broadly factor. Alongside offering an extraordinary mechanical help
for inventive and valued items, the ongoing food industry ought to likewise cover
the essential necessities of a consistently expanding populace. In this unique circum-
stance, designing, examination, and innovation have been joined to offer supportable
arrangements in the food business for a solid and fulfilled populace. While wellbeing
and prosperity are key drivers of the food business, market influences take a stab at
development all through the total pecking order, including unrefined substance/fix-
ing obtaining, food handling, quality control of completed items, and bundling. Food
safeguarding strategies have been experimentally utilized starting from the begin-
ning of mankind. Thus, our ancestors used to handle raw materials such as milk, meat
or fish in a way that extended their shelf-lives by using practical methods based on
what we now know as drying, curing or fermentation. Hundreds of years after the fact
and during the modern transformation toward the start of the nineteenth 100 years,
Appert fostered the cycle for business cleansing of canned food items, which thusly
opened the way to the advancement of safe food items with delayed timeframes of
realistic usability. Active food packaging strategies have experienced a tremendous
push forward in the last two decades. During this time, the improvement of fresher
materials and the consolidation of bioactive mixtures in the bundling films have ad-
dressed an upheaval in the food business and have run in equal (and in some cases
prodded by) with the improvement of cutting-edge procedures for the recognition of
arising and safe food-borne microbes. When the microbial dangers for each sort of
food item are known and the microbial targets definitively distinguished, it is an ideal
opportunity to conclude what bioactive compound will be more reasonable for every
particular application.
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Introduction

The packaging is likely the most important method for
food preservation due to protects, preserves and provides the

needed information about the product, while all
commercialization and distribution [1,2]. The

packaging are determined by the food item that needs to be
safeguarded. As of now, a variety of materials have been used as

packing materials, including paper, cardboard, metal, glass, and

ows the product . . . . . .
W produ plastic. [3]. But it’s most likely that this conventional preservation

qualities of the

Copyright@ Hamdy A Shaaban | Biomed ] Sci & Tech Res | BJSTR. MS.ID.007384. 37680


https://biomedres.us/
https://dx.doi.org/10.26717/BJSTR.2022.46.007384

Volume 46- Issue 4

DOI: 10.26717/BJSTR.2022.46.007384

technique is the one that generates a lot of urban solid trash (USW).
Food and packaging interactions may be harmful to quality and/or
safety. When meals are packaged in polymer-based materials, aroma
sorption changes in product flavor and the transfer of unfavorable
flavors from packaging to foods are significant processes of
deterioration. In order to enhance product quality, safety, and shelf
life while limiting undesired changes, active, intelligent packaging
is developed based on a deliberate interaction of the packaging
with the food and/or directly improves food quality and safety.

The following developments in delayed oxidation and controlled
respiration rate, microbial growth-inhibiting microorganisms and
moisture migration, and the addition of carbon dioxide absorbers/
emitters, odor absorbers, ethylene removers, and aroma emitters
are examples of active packaging that has the desired effect on the
food. Intelligent packaging includes time-temperature indicators,
ripeness indicators, biosensors, and radiofrequency identification,
r. The bioactive substance is regulated released when a positive
interaction between the packaging, environment, and food takes
place. [4,5], as it is in controlled-release packaging (CRP). Active
and intelligent materials are included in the category of «smart
packaging.» Active packaging systems are those that have additives
that are consciously introduced to the packaging, and which
improve the stability of food quality and safety. They can also be
based on conditions that are created when food comes into direct
contact with the packaging, which enhances food stability. Active
packaging therefore includes controlled-release packaging. Food
safety, shelf-life extension, and food quality all depend heavily on
packaging.

According to Li et al., the shelf life of food is «the amount
of time that a food remains acceptable in terms of flavor,
color, aroma, texture, nutritional content, and safety, under
specified environmental circumstances.» [6]. There are some
effective methods, such as using active packaging or quickly or
instantaneously adding active substances (such antioxidants and
antimicrobials) to the food formulation in a small amount. [7-
9]. Many innovations in packaging technology have emerged in
recent years, including active packaging and intelligent or smart
packaging (AP, such as oxygen scavengers, moisture absorbers,
and antimicrobials) [7]. These innovations are responsible for the
improvement in food quality, safety, and shelf life. However, as most
packages are made up of a combination of materials with various
properties, businesses that choose to recycle the materials must
also deal with the classification problem. The recovery, choice,
cleaning, and reprocessing of materials currently make recycling
a challenging and pricey task. [2]. For this reason, renewable raw
materials have been deeply explored in recent years at aiming to
minimize pollution problems through alternative biodegradable

packaging [6].

As a result, packaging made of biodegradable materials has
developed as a replacement for conventional materials that cannot
be recycled. Such biodegradable materials can shield the product
while being relatively simple to produce, recycle, and degrade. [1].
The majority of biodegradable packaging often involves the use of
ecologically friendly polymeric materials with the goal of preserving
quality and prolonging the shelf life of minimally processed goods,
like fruits and vegetables [9,10]. This review objective is to give
an overview of the state-of-the-art in edible film and coating
use in various foods, with a focus on the key ingredients (such
as biopolymers, additives, bioactive ingredients, and probiotic
components), manufacturing processes (for edible film or coatings),
and their use in particular products. Additionally, this analysis
outlines the key requirements biodegradable packaging must fulfil
in order to be used in certain applications for the preservation and
enhancement of various food products. These applications include
edible films and coatings.

Purpose of Food Preservation

The main reasons for food preservation are to overcome
inappropriate planning in agriculture, to produce value - added
products, and to provide variation in the diet [11]. Various
segments of the agriculture business generate the raw ingredients
for food. By avoiding incorrect locations, timings, and quantities of
raw food components as well as by extending storage life utilizing
straightforward preservation techniques, inadequate management
or improper planning in agricultural production can be overcome.
Value-added food items can offer better-quality foods with greater
nutritional, functional, practical, and sensory attributes. Food
preservation techniques are impacted by consumer demand for
healthier and more convenient food options. Consumers should
not find eating to be monotonous; it should be enjoyable. People
enjoy eating a wide variety of foods with various flavors and tastes.
In order to lessen reliance on a single type of grain, diet variety is
crucial, especially in underdeveloped nations (i.e., rice or wheat).
Likewise, food protection, stockpiling and appropriation are
additionally significant elements in accomplishing food security. In
food protection, the significant focuses that should be considered
are wanted quality, wanted rack - life, and target shoppers should

be in every way considered while saving food.
Methods for Food Preservation

At present various techniques for food conservation are
accessible for the food business. In view of the method of activity,

the significant food protection procedures can be categorized as

(i) Slowing down or inhibiting chemical deterioration and
microbial growth,

(ii) Directly inactivating bacteria, yeasts, molds, or enzymes,
and
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(iii) Avoiding recontamination before and after processing

[12].

(Figure 1) displays a handful of the techniques or procedures

from the aforementioned areas. It would frequently be quite
challenging to distinguish between inhibition and inactivation
clearly. Consider the preservation method of freezing and drying.

Although controlling the growth of microbes during storage is
the primary goal of freezing and drying, certain bacteria are also
destroyed. Ten to sixty percent of the viable microbial population
appear to die when things are frozen, and this number rises over
time as things are stored. The sections that follow list various

techniques for food preservation. [11].

4

Food Preservation Methods

Inhibition

r

Y

Inactivation

r

Avoid Recontamination

Packaging

Hygienic processing

Hygienic storage

Aseptic processing

HACCP

GMP

ISO 9000

TQM

Risk analysis and management

Low-temperature storage Sterilization
Reduction of water activity Pasteurization
Decrease of oxygen Irradiation
Increase of carbon dioxide Electrifying
Acidification Pressure treatment
Fermentation Blanching
Adding preservatives Cooking
Adding antioxidants Frying

Control of pH Extrusion
Freezing Light

Drying Sound
Concentration Magnetic field
Surface coating

Structural modifications

Chemical modifications

Gas removal

Changes in phase transition

Hurdle technology

Figure 1: Major food preservation techniques.

Food Packaging and Its Role in Food Preservation

The packaging is now the most crucial stage after foods have
undergone minimum or complete processing since it enables
transportation from the factories to the point of sale or distribution.
As a result, this substance helps to keep the majority of the food’s
physicochemical, functional, and organoleptic qualities. [2-9]. In
addition to this, the packaging must not interact with the product

and protect it from external damage of chemical, physical, and
biological type [2]. Physical damage comprises any harm brought
on by shock or vibration, whereas biological damage is brought on
by diseases, insects, animals, or the ageing process of the food itself
[9]. Chemical damage also includes exposure to gases, moisture, and
light. The overview of various food packaging materials, including
plastic, metal, glass, and paper, is covered in the following section
with a focus on food preservation (Table 1).
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Table 1: Some advantages, disadvantages of the conventional packing materials.

Packing Material Advantage Disadvantage Barrier Type Food Type
Plastic Cheap materials Assoc1at.1on with qther Permeability of vapors and Sodas Water Bread
packaging materials gases
Protection for chemical and Sodas
Glass Recyclable materials Susceptible to breakage biological agents, physical Jellies
damage, and odors Sauces
; ; Milk
Association with other Protection from physical
Paperboard Biodegradable materials ) ) damage, crushing and Cookies
packaging materials brasions
Eggs
Protection for chemical and
) hysical damaee Preserves
Expensive compared to physica 8¢
Metal Recyclable materials biological Juices
other packing materials lological agents,
Fish
and odors

Edible Films and Coatings as Packing Materials
Characteristics of Edible Films and Coatings

An edible film or covering is any material with a thickness of
under 0.3 mm [13], which is shaped from a blend of biopolymers
and various added substances scattered in fluid media [14-17].
Some publications interchangeably refer to edible film and coating,
but others believe there is a difference because of how they are
incorporated into the food product [18]. While the edible film is
first manufactured and then adhered to the product, the edible
coating is formed immediately on the food [19-23]. Despite this,
rigid matrices with comparable properties are generated in both
situations [6-24].

Materials of Edible Films and Coatings

Edible films and coatings are frequently assessed for their
mechanical properties, such as their elasticity and stiffness, as well
as the force required to break them, using terms like elongation at
break (E), tensile strength (TS), and elasticity modulus (EM) [25-
31]. Additionally, they exhibit similar mass transfer mechanisms
(permeation, adsorption, and diffusion) that are connected to
the movement of solutes between food and the atmosphere [32].
However, the kind of material and manufacturing process that
enable the development of various architectures of biopolymeric
matrices have an impact on both mechanical properties and

mass transfer phenomena [33-36]. (Table 2) includes the top
biopolymers and additives utilised in the creation of edible films
and coatings, along with information about their characteristics
and packing capabilities. Due to its traits and gelatinization abilities,
starch is regarded as the universal biopolymer for bio-packaging,
which has been utilized extensively for decades [37]. Another
significant biopolymer that has the capacity to create hydrogels
and encapsulation barriers is alginate [38-41]. However, due to its
qualities as a gelling agent, chemical (it could form hydrogen bonds
and hydrophobic interactions), and biological (its biocompatibility,
biodegradability, and bioactivity) properties, chitosan has recently
attracted attention for the development of edible films and coatings
[42,43].

While other authors have chosen to use additional organic
ingredients to create packaging, such as proteins (such as collagen
and protein isolates) [44,45], lipids (such as canola oil and
cinnamon bark oil) [46,47], as well as other unusual materials (such
as smooth-hound protein and papaya puree) [48,49], to create
bio-packaging with specific properties. The purpose of additives,
such as plasticizers or stabilisers, is to change the mechanical
characteristics of edible films and coatings (ideally, to improve
E and decrease TS and EM), as well as mass transfer phenomena
[6,29]. Additionally, adding anti-oxidant, fungicidal, or microbial
additives enables the creation of bioactive bio-packaging [50,51].
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Table 2: Edible films containing different types of natural extracts and bioactive compounds.

essential oils

Bio-Based Matrix Bioactive Compounds Food Target Microorganism
Chitosan Lemon essential oil Strawberry B. cinerea
Alginate Lemongrass essential oil Apple E. coli, psychrophilic bacteria, and
yeast
WPI + glycerol+ Cinnamom, cumin, and thyme Freshly cut beef Total viable count (TVC)

Pectin + calcium
chloride + tween

20 + glycerol

Chitosan and transcinnamaldehyde-

CD

Fresh-cut papaya

(Carica papaya L. cv “Maradol”)

Total aerobic plates,

psychrotrophics, yeast, and molds
counts

QSM + glycerol

Oregano and thyme essential oils

Fish (Oncorhynchus
myKiss)

Total viable bacterial
count, psychrophilic
bacterial count,
Enterobacteriaceae,
Pseudomonas spp., H2Sproducing

Bacteria (including S. putrefaciens),
and LAB

Tween 80 + acetic,
lactic and levulinic
acids + Hemicellulose

Aand B

Chitosan

Turkey deli meat

Three L. innocua strains (ATCC
33090, 33091, 51742)

Articoat-DLP is
a commercially

available antimicrobial edible
coating

Lactic acid,
acetic acid, and

sodium diacetate

Fresh skinless

chicken breast fillets

TVC, Pseudomonas,
B.thermosphacta, lactic acid
bacteria (LAB), coliforms,

and E. coli

Tapioca starch + glycerol

Nisin and natamycin

Port Salut Cheese

S. cerevisiae (CBS 1171), L. innocua

from the protein of

chicken egg whites

(CIP 80.11)
Carvacrol
Sodium alginate + glicerol and methyl Strawberry E. coli 0157:H7 and B.cinerea
cinnamate
NaCS + beta:ytac:izxggin + glycerol Mustard essential oil meat E. coli, S. aurelisi',gi.r subtilis,and A.
Chitosan and
lysozyme obtained
Whey protein Cheeses and meat E. coli and S. aureus

B. edulis wild edible

mushrooms + LDP + tributyl citrate

PLA and nisin

Different foods

Mesophilic and

psychrophilic bacteria

Disperse Systems Forming Edible Films and Coatings

Due to their glucidic (i.e., polysaccharide), proteinic, or lipidic

nature, biopolymeric materials used for the formulation of bio-

packaging are incorporated in various ways, resulting in dispersed

emulsion-type (i.e., based on lipids) or colloidal systems (i.e., based

on polysaccharides or proteins) systems [52]. The two kinds of

systems that can be created for the production of edible films and

coatings are shown in (Figure 2). Emulsions are systems made up

of substances that are immiscible with one another and are liquid

or semi-liquid in nature, such as an oil and an aqueous phase that

can be combined with the aid of an emulsifying agent. An affinity

for both polar and non-polar sites can be seen in the emulsifying

agent’s hydrophilic and hydrophobic zones [26,62]. Because the

dispersed phase corresponds to the second component and is in
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lower concentration in the emulsion, emulsions can be divided into
two categories based on the proportions of their phases, such as
oil/water (o/w) or water/oil (w/o0) [61,63].

Since they are thermodynamically more stable and can dissolve
lipophilic antimicrobial components (like plant essential oils) and
bioactive components (like fatty acids, carotenoids, antioxidants,
phytosterols, or quinones), o/w systems are preferred in the
formulation of edible films and coatings (Figure 2A) [26]. Colloid
systems are polymeric structures composed of proteins or
polysaccharides that have been dissolved in an aqueous phase
[61]; they create a dense matrix that can shield active substances
(such as antimicrobial and antioxidant agents) [53] and permit

their controlled release within the matrix [54]. Colloidal systems
are primarily used for the development of edible films and coatings
because they can transport and protect a lot of molecules that act
as additives (for example, essential oils) [55,56] and probiotics
(for example, lactic acid bacteria) [57,58]. This is because
polysaccharides and proteins are hydrophilic substances. Because
different types of interactions (such as ionic, hydrogen bridges, or
electrostatic interactions) can be produced depending on the type
of biomaterial (e.g., protein or polysaccharide), colloidal systems do
not produce matrices with an ordered grouping in their polymeric
components (Figure 2B) and instead tend to produce matrices with
a variety of properties [59,60].

Figure 2: Main types of dispersed systems generated based on biopolymers,
A.  Emulsion oil/water (o/w) and
B.  Colloidal dispersions.

Recent Advances in Edible Films and Coatings
Bio-Based Packaging

Bio-based packaging is manufactured from biopolymers
obtained from fully renewable biological materials, which have
to be biodegradable at the end of their life; while biodegradable
packaging can be obtained from fossil-based materials or from a
combination of renewable and fossil materials, but must be fully
degraded and returned to nature. Both terms—bio-based and
biodegradable—are sometimes used interchangeably, but not
correctly [61-64]. The bio-based packaging, which can be divided

into three main categories (i.e., Category 1, 2, or 3) based on their
origin and production method, as shown in (Figure 3).

1.  Includes polymers directly extracted from natural marine
and agricultural souces/resources, such as polysaccharides,
proteins or lipids, alone or combined.

2. Encompasses polymers produced by classical chemical
synthesis using renewable biobased monomers, such as
polylactic acid (PLA, a biopolyester polymerized from lactic
acid monomers).
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3.  Comprises polymers produced by microorganisms or
genetically modified bacteria, such as poly(hydroxyalkonoates)
(PHAs) and poly(hydroxybutyrate) (PHB), and bacterial
cellulose (BC). Some of the most commonly known bio-
based packaging materials available in the market, in terms
of production and renewability, includes PLA, PHAs, starch
plastics, cellulose esters, and protein-based plastics. Other bio-
based plastics, such as bio-enriched polyurethane made from

modified vegetable oils, polyethylene monomers derived from
the dehydration of bio-ethanol, PP monomers derived from
dehydration of bio-butanol and poly(ethylene terephthalate)
monomers produced via fermentation, catalytic pyrolysis or
gasification of biomass constitute emerging technologies that
are expected to have a significant impact in the near future
[61,65].

Bio-based packaging

majerias
|
|mm

[ comtose | | cason || zen |
Pw-;ﬂt][v?w I[ﬂ;u-l
[Camageenan | [Cotagengelatin] |  Ghuten |

Figure 3: Schematic Representation of Bio-Based Packaging Materials Categorized by Their Source and Method of Production.

Edible Films as Functional Bio-Packages

A bioactive component, as defined by Kris-Etherton et al. [62],
is any ingredient present in food in minute quantities that can have
an impact on health after intake. Numerous bioactive compounds,
such as flavonoids and phytoestrogens, have been the subject
of epidemiological investigations [63-68]. These molecules are
known for their antioxidant, antimutagenic, anti-inflammatory,
anti-cancer, pro-apoptotic, and anti-cholesterol properties. Thus,

as mentioned in (Table 2), numerous studies have been explicitly
focused on combining a range of these beneficial chemicals into
edible films. For example, several authors have evaluated the
antioxidant capacity of edible films with phenolic compounds
extracted from various sources [69-72]. According to Nogueira et
al. [64], the antioxidant activity of blackberry powder is related
to its anthocyanin content, and it was maintained when added to
arrowroot starch edible films. In addition, the powder’s addition
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improved the films’ water solubility, water vapour permeability, TS,
and E properties while maintaining the colour and flavour of the
blackberries.

Based on coconut protein and coconut water, Rodsamram and
Sothomvit [71] developed edible films that displayed antioxidant
activity provided by coconut phenolic compounds and also acted
as a UV radiation barrier due to their brown hue. While Assis et
al. [72] produced edible films with increased solute transport
and antioxidant activity by extracting and encapsulating _carrot
carotenes in a cassava starch matrix. The antioxidant effect in
these investigations was produced by bioactive compounds that
significantly slow down the oxidation of the substrate as well as
by inhibiting reactions involving free radicals [73]. For instance,
Abdel Aziz et al. [67] combined castor oil with an alginate matrix to
create edible films with an inhibitory effect against Staphylococcus
aureus, Bacillus subtilis, Salmonella typhi, and Escherichia coli.
Other authors have extracted oils from various sources that have
demonstrated antimicrobial activity. Due to an increase in the
hydrophilic character of the edible films caused by the hydroxyl
groups of edible oil, which easily dissolve the membrane cell and
cause the uncontrolled transport of substances into the bacteria,
the greatest effect was observed when the concentration of castor
oil was increased [74,75].

Citrus peel pectin with oregano essential oil was created
into edible films by Alvarez et al. [71] that had an impact on
chromobacterium violaceum by preventing cell communication
[76]. Similar to this, Alboofetileh et al. [77] employed various
essential oils in edible films made of alginate and montmorillonite,
including clove, cumin, caraway, marjoram, cinnamon, and
coriander essential oils. The films displayed antibacterial efficacy
against Escherichia coli, Staphylococcus aureus, and Listeria
monocytogenes due to the oils’ presence [78]; The biopolymeric
matrix created by alginate and montmorillonite restricted the
release of the oils, maintaining a constant inhibitory effect, while
marjoram essential oil demonstrated the strongest inhibition
due to the regulation of cell growth [79]. Other biologically active
substances, such as peptides (such as nisin), enzymes (such as
lysozyme), organic acids (such as acetic acid, benzoic acid, sodium
benzoate, and sorbic acid), and enzymes (such as nisin), have been
incorporated into edible films and coatings for their antimicrobial
action [78].

Natural ingredients like citrus plants (like lemon) or essential
oils (like cinnamon, clove, and oregano essential oils), as well as
their antifungal properties and low toxicity (for the user), have
also been proven [80]. For instance, increasing cinnamaldehyde
concentration in edible films made from chitosan graphs has
demonstrated the antifungal effects against Rhizopus stolonifera
and Penicillium italicum [81]. Additionally, according to EM, E,

and TS testing, additives (such as cinnamaldehyde) enhanced the
mechanical qualities. Cinnamaldehyde and other additives, such as
linalool, isoeugenol, and citral, were also assessed by Tarazona et
al. [82] in edible films made of an ethylene-vinyl alcohol copolymer.
Results against Aspergillus steynii and Aspergillus tubingensis
revealed various antifungal activities, but the effect was stronger
in the presence of cinnamaldehyde since there was a complete
inhibition of fungus [80]. The simultaneous display of several
capabilities by bioactive components has the potential to have a
synergistic effect. For instance, Ounkaew et al. [83] and Wei et al.
[84] examined the antioxidant and antibacterial capability of two

distinct edible films with organic acid incorporation.

Based on cassava starch, extracted used coffee grounds,
and citric acid, Ounkaew et al. [82] created edible films that
demonstrated antioxidant capacity and an inhibitory effect against
Escherichia coli and Staphylococcus aureus. This was made
possible by the synergistic interaction of the biopolymer and
additives, as well as the increasing citric acid content. Ascorbic acid
and the lysozyme enzyme were integrated in a zein-based edible
film by Wei, et al. [83]. In addition, zein, lysozyme, and ascorbic acid
had a synergistic effect on flexibility and mechanical properties.
The authors reported that higher enzyme concentrations resulted
in better antimicrobial properties against Listeria innocua and
Micrococcus lysodeikticus, while the increase of organic acids
improved the antioxidant capacity of the edible films [85].

Coatings as Pathogen Inhibitors in Food Models

The majority of the qualities of edible films and coatings are
relevant, butone ofthe mostcrucial onesisfood biological protection
because it directly influences the product’s shelf-life. [86]. Because
of the action of their enzymes and byproducts created during their
metabolism, bacterial or fungal microorganisms (as well as their
derivatives) that can induce or accelerate putrefaction in food must
be inhibited or eliminated. (e.g., gases) [87]. The lactic acid bacteria
are generally recognised as safe (GRAS), and numerous studies have
demonstrated their beneficial benefits when administered to the
gastrointestinal tract of consumers. (Figure 3) [88]. Since harmful
microorganisms are employed in food models, several authors have
also concentrated on analysing the inhibitory effect of edible films
with Lactic acid bacteria (LAB) and fungus activities. For example,
Aloui et al. [89] After covering oranges with two different edible
films made of alginate and locust bean gum and inoculating them
with Wickerhamomyces anomalus, researchers discovered that the
bacteria were more stable in the alginate matrix.

In addition, the alginate edible film was able to inhibit
Penicillium digitatum and kept the fruit edible for 13 days. In
mandarins coated with edible carob gum edible films, Parafati et al.
[90] also inoculated Wickerhamomyces anomalus, Metschnikowia

pulcherrima, and Aureobasidium pullulans; the results show a
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greater inhibitory effect with Metschnikowia pulcherrima against
Penicillium digitatum and Penicillium italicum. According to Marn
et al. and Fan et al. [91,92], other investigations of microorganisms
incubate in coatings for the suppression of harmful fungus. In order
to support Candida’s sake and later coat grapes to protect against
Botrytis cinerea, several edible films (such as hydroxypropylmethyl
cellulose, sodium caseinate, pea protein, and corn starch) were
tested in the first study [91]. Although all biopolymers were
sufficient to inhibit the pathogen and maintain the survival of
Candida’s sake, the authors recommended using sodium caseinate
and corn starch because they are the most affordable options. In the
second investigation, Fan et al. [92] coated strawberries with edible
alginate films containing Cryptococcus laurentii. The authors stated
that the bacterium was still alive, and the strawberries’ quality and
physical attractiveness were greatly enhanced.

Coatings as Probiotic Carriers in Food Models

Probiotics are a class of bioactive substances that have
particular health advantages [93]. Probiotics are defined as «live
microorganisms that, when provided in suitable proportions,
impart a health benefit on the host» by the Food and Agriculture
Organization of the United Nations/World Health Organization
(FAO/WHO) in 2002. [94]. Since they are crucial in preserving the
microbiota and inhibiting pathogenic microbes in the colon and
oral cavity, LAB of the genus Lactobacillus have been extensively
researched for their probiotic characteristics. [95]. The authors
specifically link the inactivation of pathogens by the effect of organic
acids (such as lactic and acetic acids), carbon dioxide, ethanol,
peptide compounds, and enzymes, which are produced within
LABs metabolism [96]. In addition, there is evidence that links the
metabolic activity of LABs with the control of bacterial pathogens
and fungal agents [88]. Because it creates an environment where
the substrates of LABs and pathogenic microbes compete with one
another, other writers link the fall in pH with the inhibitory impact
[88,97].

Due to this, rather than focusing on their ability to block exterior
pathogens, the most thorough studies in probiotic evaluation have
been conducted on the inclusion of microorganisms in edible
films and coatings (due to contamination of the environment).
An overview of the major organs and systems improved by the
ingestion of probiotic bacteria is shown in (Figure 3). Highlighting

(i) The the

microorganisms, such as Clostridium difficile and Helicobacter

microbiota: proliferation of pathogenic

pylori, is regulated.
(ii) The immune system: inflammatory control is maintained.
(iii) The nervous system: brain functions are modulated.

(iv) The placenta: probiotic microorganisms are transmitted
to the fetus.

(v) Theurogenital tract: urogenital infections are fought; and
(vi) The skin: allergies and atopic dermatitis is helped [88].

Probiotics need to be stabilized or kept alive primarily so that,
once consumed, they can endure the conditions of stomach acids
and intestinal fluids, allowing for periodic dosing to exert their
probiotic effect [72,88]. Thus, under gastrointestinal circumstances
(pH 1.8 at 37°C), Gbassi et al. [98] investigated the survivability
of Lactobacillus plantarum enclosed in alginate and afterwards
injected in an edible film of whey protein; the probiotics remained
viable for 180 minutes. The effectiveness and simplicity of the
matrix, as well as the price of whey protein and alginate, make this
study pertinent. [98]. It’s significant to note that the primary goal
of a probiotic embedded in edible films is to investigate and assess
their survivability inside the matrix, as well as their interaction
with the coated food and probiotic activity. When the edible films
are uniquely described in a particular product and stored under
various conditions, the vitality of microorganisms varies (e.g.,
temperature and relative humidity). For instance, Soukoulis et al.
[99] assessed the longevity of Lactobacillus rhamnosus in a bread-
covering alginate/whey protein matrix.

They were successful in keeping the LAB stable for seven
days at 25C. When bread was held at 4°C, the viability period of
Lactobacillus reduced significantly (up to 93%), according to the
authors’ findings from their earlier study [99], but it increased
to 99 days when the matrix was not applied to the bread. [100].
According to Tavera-Quiroz et al. [101], who used Lactobacillus
plantarum in a methylcellulose matrix to coat apple baked snacks
and maintain their viability up to 90 days in simulated in vitro
gastric conditions (two stages: pH 2.5 and 7.5, and 37 C), the
viability time of Lactobacillus plantarum can also be compared
when stored and treated under different conditions. In order to
keep Lactobacillus plantarum viable for 180 minutes, Gbassi et
al. [98] employed a whey protein matrix and identical stomach
circumstances to Tavera-Quiroz et al. [101]. Particularly, Lopez De
Lacey et al. [102] emphasised the need of preserving fresh items,
such as fish, given their high perishability and susceptibility to
contamination and the proliferation of microbes [12-89]. By adding
Lactobacillus acidophilus and Bifidobacterium bifidum to a coating
of gelatin, sorbitol, and cysteine, the authors were able to extend
the shelf-life of hake fish for up to 15 days at 4°C [102].

Edible Films and Coatings as Food Preservatives

The food industry is now required to provide consumers with
food that is tasty, fresh, of high quality, and has positive health
effects [8]. As a result of the natural deterioration brought on by
chemical, biological, and physical changes, no food can be kept
in ideal circumstances or preserve its attributes permanently,
making it difficult to meet customer needs [103]. (Figures 4) show,
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respectively, the various biochemical and physical flaws that have relative humidity, water content, and pH all affect how quickly food
arisen in foods. Unpleasant aromas, rancidity, darkening, softening  spoils [104]. For this reason, maintaining the qualities of the meal
of the texture, and loss of minerals and vitamins are among the most  is of utmost importance in addition to the properties of the edible

frequently seen spoiling changes. Oxygen availability, temperature, films and coatings themselves, including:

Spoilage

Physical Microbial \ Chemical

Factors Affecting Fmd‘

Differe nt Types of

Microorganisms
Molds, Yeasts,
Bacteria, etc

Maolsture Content Oxidation

Temperature Proteolysis

Putrifcation
Temperature

Crystal Growth and

Crystallization Mallard Reaction

L 1 1

Glass Transition ‘

Pectine Hydrolysis

Hydrolytic Rancidity

1 1 1 T 1

Figure 4: Physical, microbial, and chemical factors affecting food spoilage.
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Table 3: Edible films and coatings applied in food models.

Food Matrix Additives Coating Technique Primary Findings
Fruits
Acetic acid, canola oil, Flavonoids and antioxidant
glycerol and capacity were not
Bell pepper Chitosan . . Spread
chitosan/_-pinene Modified and Alternaria
nanoparticles alternata growth got slow
; ; Glycerol, inulin Sensory quality was
Blueberries A;%;nate, ghltosan,fa.lt;))ple Dipped improved, and shelf-life was
Iber and orange Hber and oligofructose extended
Acetic acid, canola oil, Antioxidant capacity was
Strawberries Chitosan cinnamon essential oil and Wrapped increased, and shelf-life was
Roselle extract extended
Visual quality and flavor
Fresh-cut kiwifruit Cactus pear mucilage Glycerol and tween 20 Dipped were improved, and shelf-
life was extended
Gelatin, corn starch and . . Quality was enhanced and
Red grapes waxy maize starch Glycerol and sorbitol Dipped shelf-life was extended
Alginate, pectin and calcium . Texture was preserved and
Fresh-cut watermelon lactate Glycerol Dipped shelf-life was extended
Vegetables, Plants and Cereals
Physical changes, microbial
growth and to
Potatoes Locust bean gum Glycerol Dipped
nutritional qualities were
controlled
Glycerol, tween 80, organic
Methylcellulose, acids mixture, rosemary Growth of Escher.ichia.coli,
Broccoli olycaprolactone ; ; Dipped Salmonella typhimurium
polycap extract, A51a.n spice PP and Listeria monocytogenes
and alginate essential was controlled
oil and Italian spice
Antifungal effect was
generated, and phenol
Tomatoes Citrus peel pectin Glycerol and oregano oil Spread
content and antioxidant
activity were increased
Sodium
Sucrose fatty acid ester, )
White asparagus carboxymeth){l-(?ellulose, polyethylene glycol, sorbitol Dipped Weight l.oss was reduced,
whey protein isolate and quality was preserved
and stearic acid
and pullulan
Silver nitrate, sodium
Shiitake mushrooms Alginate borohydride and Dipped Shelf-life was extended
polyvinylpyrrolidone
Animal and Dairy Products
Maltodextrin, alginate and Glycerol and
Sausages Wrapped Shelf-life was extended
carboxymethyl cellulose Terminalia arjuna
. . Glycerol and oriental . Campylobacter jejuni was
Fresh chicken breast Carrageenan and chitosan mustard extract Dipped reduced and shelf-life
Cheese GalactorTlannan and Glycerol, sorbitol and oil Spread Shelf-life was extended
chitosan corn
Alginate, pectin, uﬁ;?gnnﬁﬁgg gds(;gill;m Growth of Listeria
Poached turkey carrageenan, starch, and 5 : Dipped monocytogenes was

xanthan gum

lactate, sodium diacetate
and potassium sorbate

inhibited
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Bakery

Pectin, alginate and whey
Bread
Protein Starch

Glycerol and tween 20
Glycerol and «-poly-L-lysine

Sprayed Moisture was decreased

Wrapped Shelf-life was extended

(i) Preservation of nutritional content.

(ii) Preservation of microbiological parameters in accordance
with established laws; and

(iili) Preservation of physical and sensory characteristics (e.g.,
smell, taste, and texture); which together extend the shelf-life
of the product. (Table 3) lists various research projects aimed
at extending the shelf-life of numerous fruits, vegetables, meat,
and dairy products. In these projects, edible films and coatings
had a positive impact on physical, chemical, and biochemical
parameters, reducing food spoilage and lengthening the
shelf-life of the food product. According to the pertinent
research findings, depending on the kinds of bioactive solutes
incorporated in the edible films and coatings, the maturity
in fruits and vegetables as well as the growth of mould and
microorganisms can be delayed, preserving particular qualities
such as texture, freshness, vitamin C content, and nutritional
quality, as well as conferring new biological activities (for
example, antioxidant activity). Edible films and coatings
allowed for the preservation of the bioactive components of the
product itself as well as its sensory qualities in the case of dairy
and animal products. They also enhanced the antimicrobial,
antifungal, and antioxidant activities as well as the shelf life of
these products.

Conclusion

The mostrecent research on the use of edible films and coatings
in a variety of meals has been collated and examined in this chapter.
Emphasizing the bio-polymeric materials that have been used to
construct novel barriers to directly protect the product, several
types of materials have been used in manufacturing packing for
the preservation and improvement of food goods. To enhance
the physical traits and mechanical qualities of the final packing,
particular additives must also be included. In order to increase
the functioning and nutrition of perishable and natural foods,
bioactive substances, and microorganisms (like probiotics) are now
frequently added to sustainable packaging. The primary application
methods that set edible films apart from edible coatings were also
demonstrated. These methods affect pathogen inhibition, product
quality, shelf life, maturation, and maturation effect in addition
to the formation materials. To sum up, bio-packaging has proven
to be effective at protecting foods that have undergone minimum
processing, and its use could resultin financial savings by preventing
food from spoiling naturally and extending the shelf life of the

product. Specific features, such as sensory, physicochemical, and
nutritional aspects, in coated products can be improved depending
on the biomaterials employed and the kinds of biologically active
chemicals. However, there are still a lot of biopolymers (like zein)
and additives that haven’t been thoroughly investigated but have
good qualities to produce edible films and coatings, which could
offer promising insights into the protection and preservation of
food products.
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