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Abstract

Food packaging exhibits a significant role in chain supply and also is considered
one amongst the essential steps in final process. The increased demand of
customers for high-quality products with natural ingredients has forced the food
and packaging industry to introduce the concept of edible packaging in the
market. Till date, a number of techniques have been optimized to preserve the
food either by means of adding preservatives or by changing the nature of
packaging material. Edible packaging aims to conserve the food quality along
with increased shelf life. These are produced either from edible biopolymers,
which can be proteins, lipids, polysaccharides (gums and carbohydrates),
plasticizers or from food-grade additives. Edible packaging materials include
edible coatings, films, pouches and sheets. Depending on the type of final edible
packaging material, these can be used either alone or in combination as per the
requirement of the food product to be stored in it. For instance, lipids or resins can
be combined with polysaccharides or proteins to obtain the edible packaging
material having properties that resist water penetration. The best edible film must
be a good oxygen barrier, moisture barrier and aroma barrier. The edible film
made of protein can be derived from various plant and animal sources such as
grains, oilseeds, milk, eggs and other animal tissues. The mechanism of film
forming includes drying and extensive interaction of polymer network either with
dry or wet casting. At present, various active compounds like antioxidants,
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colouring agents, antimicrobials, flavours and nutraceuticals are being
incorporated into the films to enhance its quality and stability. The concept of
edible packaging seems to be one of the best alternatives to old synthetic plastics
that cause severe environmental pollution. The present chapter explores the
fundamental understanding about edible packaging and its construction. It
highlights the kind of material employed for the construction of edible packaging
and the considerations involved in its fabrication. Further, the chapter enlightens
the current advancements of edible packaging research and industrial approach
towards it.
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1.1 Introduction

Utilization of edible packaging is increasing rapidly by using various edible
compounds like lipids, polysaccharides, resins and proteins originating from various
renewable sources. These packaging are considered as a fundamental fragment of
food and can be eaten along with food; therefore, these must be biodegradable in
nature (Krochta 2002). The edible packaging usually comprises of sheets or edible
films, pouches and coatings. The thickness of edible films is usually less than
254 μm, whereas that of sheets is more than 254 μm. These structures (sheets and
films) are manufactured separately from food and are later on placed either on food
components or are sealed as edible pouches. The edible coatings are usually the
reedy layers made from edible material that are placed directly over food products
(Krochta and De Mulder-Johnston 1997). Various examples of edible packaging
may include tablet coatings, microcapsules made of edible material, soft and hard gel
capsules, etc. There is an increased interest and various researches are in existence
because of high purchaser demand for better quality and safe food along with
increased storage life. Edible packaging due to their unique properties such as its
ability to protect food due to its mechanical and barrier properties, increased sensory
characteristics, controlled mass transfer among heterogeneous foods and controlled
release of active ingredients are considered to be one amongst the best alternatives
for various applications. Despite the fact that conventional packaging cannot be
entirely replaced by edible packaging, the edible packaging can, however, improve
the efficacy of preservation of food, when combined with other non-edible packag-
ing that acts as additional secondary packaging and protects the edible packaging
along with food from the outer environment containing foreign particles. Its use
results in enhanced recyclability of packaging along with lesser use of packaging
material that too with increased protective functions (Krochta 2002).

Apart from this, these edible packaging can be employed for non-edible packag-
ing, where it acts as an oxygen or gas barrier and, thus, enhances the protective
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ability along with degradability of the packaging material (Han and Krochta 2001;
Hong and Krochta 2003; Lee et al. 2008). The benefits of edible packaging material
stand unique and versatile such as providing product stability, variety, better quality
and more safety along with convenience to consumers.

1.2 Concept of Edible Films and Coatings

Various coatings and edible films, for instance, wax on fruits were being used since
centuries in order to prevent the moisture loss and to increase the aesthetic appeal of
the product by glossy appearance. Such practices were carried out since long, even
before the chemistries associated with them came into existence, and are still under
use at present. The term, ‘edible-film’ came into existence for food products since
past half century. Mostly, the terms coatings and films can be used in either means,
which indicates the coated surface of the food by some composition. However,
coating and film can be sometimes differentiated by notion that film is a wrapping
material, whereas coating can be applied directly onto the surface of the food
product. During 1967, the commercialization of edible films was restricted and
limited only to use as wax on fruits. In 1986, few companies started growing and
their numbers increased up to 10; however, there was drastic increase in companies
manufacturing edible packaging from 10 to 600 in 1996. At present, the use of edible
film is increasing due to its wide range of benefits such as retaining quality of
product and many others, with annual revenue that exceeds by $100 million
(Janjarasskul and Krochta 2010).

Any material that enrobes (wraps or coats) different food to increase the shelf life
of product, which can be eaten along with the product without removing any of its
layer, is considered as coating or edible film. The edible films not only act as coating
but also fortify the natural coatings or layers of product, which aid in preventing the
loss of moisture from the food and allow only selective gases such as ethylene,
carbon dioxide and oxygen to pass in and out through it that participates in the
process of respiration. The coating or film with thickness of less than 0.3 mm can
also act as surface sterilizer, thereby preventing the loss of various other important
components (Janjarasskul and Krochta 2010).

1.3 Properties of Edible Packaging Materials

Packaging serves various functions such as preservation, distribution, marketing of
foods, etc. Its dumping and disposal leads to various ecological problems, especially
the non-biodegradable ones. Also, recycling of the same requires additional cost.
Therefore, in this fast-moving era, edible packaging proves to be a wonderful natural
alternative that not only act as packaging but, at the same time, it extends the storage
stability of the product as well as hails various other benefits such as acting as barrier
against transmission of gases (Álvarez 2000), reduces the process of maturation,
increases aesthetic appeal, etc. (Souza et al. 2010).
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1.3.1 Functional Properties

Edible packaging serves various functional properties such as environmental barrier,
water barrier, oxygen barrier, aroma barrier, oil barrier, etc.

1.3.2 Environmental Barrier

The coatings and edible films serve as environmental barrier and are responsible for
controlling the mass transfer between ambient atmosphere and the food. Permeabil-
ity is considered to be an important factor while selecting the edible material for
packaging. The effect of moisture and temperature on film reflects its condition of
intended use. Therefore, conducting the measurement of permeability must be done
under specific conditions before using it as a packaging material.

1.3.3 Water Barrier

The application of edible packaging has been widely used for food packaging and in
various conditions where moisture exchange should be inhibited. The inhibition of
moisture exchange results in curbing microbial growth owing to lowered waster
activity, averting any change in texture or adverse chemical reactions. Films pro-
duced from edible waxes and plastics have fairly less WVP as compared to the
hydrocolloid-based films due to substantial polarity, water vapour permeability of
hydrophilic films increase at high relative humidity (RH) and high plasticizer
concentration. Therefore, for short period duration and in low moisture foods,
these films can solely be utilized as shielding barriers against moisture exchange.
On the other hand, lipid based hydrophobic compounds are often used to enhance the
water barrier properties of the films through low polarity and low affinity densely
structured molecular matrices.

1.3.4 Oxygen Barrier

The major factors contributing to food spoilage or food deterioration include discol-
oration of myoglobin pigment in freshly cut meat pieces, oxidation of lipids and food
ingredients or enzymatic browning of the fresh-cut produce. For foods that are
sensitive to oxygen, an edible packaging can be used with low oxygen permeability
(OP), which aids to preserve quality and extends the shelf life of oxygen-sensitive
foods. Moreover, it also helps to reduce the utilization of various expensive and
affluent, non-recyclable, oxygen barrier plastics. At the same time, a modified
atmosphere can be created by the development of various advancements involved
in the formulation of edible films. Such advanced techniques can also help in
suppressing the respiration rate of horticultural products and the ethylene production
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of physiologically active climacteric produce during storage as well as distribution
(Rahman 2007).

At low RH value, hydrocolloid-based films generally exhibit remarkable gas
barrier properties. Whereas, at high RH conditions, plasticized hydrocolloid based
films and hydrophilic EVOH films are used to have good barrier properties.

1.3.5 Aroma Barrier

In food packaging, aroma or volatile flavour and migration of flavours from outside
create a problematic situation for any of the food packaging, which must be
prevented during storage and distribution. In general, the barrier efficiency of
packaging material is improved when a migrating compound has low affinity to
film materials and low diffusivity across the polymer matrix. To identify some
suitable barriers, include hydrophilicity of protein- and polysaccharide-based edible
films for non-polar aroma compounds. Encapsulation of flavour and aroma has been
proposed by carbohydrate and protein emulsion-based films (Pegg and Shahidi
2007; Hambleton et al. 2009; Fabra et al. 2009). The chief objective of using this
technology is to preserve the hydrophobic organic aroma compounds in a non-polar
lipid dispersed phase, whereas the matrix made of hydrophilic polymer prevents
aroma loss to the environment or due to oxidation. Further research is still required in
order to reveal the various aspects related to the aroma permeability of the edible
films (Debeaufort and Voilley 1995).

1.3.6 Oil Barrier Properties

Any sort of lipid-containing food products can be provided resistance against grease
by using edible packaging. Zein and whey protein based films have been reported to
exhibit excellent resistance against grease owing to the inherent hydrophilicity of
protein-based films.

1.4 Food Surface Properties

1.4.1 Wettability

The ability of a given liquid to spread over a solid surface is known as spreading
coefficient or wettability (Ws). Higher the value of wettability, more is the coating
material suitable for use. The major factors taken into consideration while determin-
ing spreading coefficient are the coefficient of adhesion (Wa) and cohesion coeffi-
cient (Wc). The former represents force promoting expansion of liquid over a solid
surface, while the latter represents force promoting contraction of liquid over a solid
surface (Lima et al. 2010).
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1.4.1.1 Contact Angle of Coatings in the Surface of Foods
The association between water molecules offers a good understanding of the hydro-
phobic effect. In order to determine the hydrophobic or hydrophilic property of
edible films, contact angle is measured. Studies have revealed that with increase in
the number of lipid molecules, the contact angle is also increased (Tang and Jiang
2007; Ramos et al. 2013; Galus and Kadzińska 2016). Similarly, the hydrophilic
nature of edible films is related to the solubility of film surface that might come in
contact with water. This property is used to validate the ability of outer surface of
fruits (like apple and mango) to either participate or not participate in interactions
(non-polar) (Medeiros et al. 2012; Ramírez et al. 2012).

1.5 Comparison Between Edible Packaging Films
and Synthetic Polymers

The various changes in the properties of various food products result due to the
interaction or contact of food and materials used for packaging. Recent reports
generated by the government have revealed that food is susceptible to get
contaminated due to the possible leaching of chemical components of the cardboard,
used for packaging, into the food products like boxes used for packing cereals and
pizza. Earlier, phthalates were used while manufacturing cling film but these
phthalates contain certain toxic chemicals that could lead to health hazards. But
taking this point into consideration, the cling films are now manufactured without
using phthalates and, hence, are found to be much safer for use in food industry. The
quality of the food commodities is no longer compromised by the use of cling films
and reaches the consumer in a very safe form as it aids in protecting as well as
preserving the food product till distribution process. A number of factors are
considered while choosing the appropriate material for food packaging so that the
food is safely delivered to the consumer and any sort of contamination (internal or
external) avoided. The most frequently used synthetic films in food industry are low-
and high-density polyethylene, polyethylene terephthalate and polyvinylidene chlo-
ride, which provide strength, toughness, flexibility, sealability, stiffness and barrier
properties against moisture, gas and humidity. Such synthetic packaging materials
are extensively used in food industries as plastic bags, container lids, squeezing and
juice bottles, etc. (Malhotra et al. 2015).

Synthetic polymers generally being used for packaging material are
non-biodegradable and, moreover, their production cost is also very high. The
need of the hour is to develop natural polymer-based cling films or edible films
from the materials that are biodegradable and get readily converted into carbon
dioxide, water and biomass on microbial action. These edible films do not lead to
any sort of environmental hazard. Other than these advantages, the shelf life and
stability of these natural polymer-based films can be increased by preventing food
spoilage caused by microorganisms. Different materials used for manufacturing
edible films are polysaccharides, proteins, lipids, nucleic acids and composite
materials. Out of all these natural polymers, protein-based films have been accepted
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wholeheartedly owing to their advantages and use as compared to the synthetic
polymer-based films (Malhotra et al. 2015).

1.6 Various Types of Edible Packaging Materials Used in Food
and Pharmaceutical Industries

1.6.1 Protein-Based Edible Packaging Materials

Proteins have been widely used for the formation of edible films that involves its
denaturation by means of heat treatment, pH change or one or the other solvents.
Intermolecular interactions are established between the extended peptide chains,
followed by the formation of protein film matrices. The formation of these protein
matrices majorly depends on the type of protein chain, denaturation treatment as well
as the fabrication conditions, which further leads to the formation of protein films
having modified properties. Protein films are reported to have very good optical as
well as mechanical properties. These protein-based films are also potent against the
transport of aroma, carbon dioxide, oxygen and lipid, but it is not effective to serve
as a barrier for moisture due to its innate hydrophilic nature.

For the sake of upgrading the quality and properties of protein-based edible films,
many methods have been investigated based on various treatments including chemi-
cal, physical and enzymatic. To bring about a change in the physical, structural and
chemical properties, different varieties of proteins have been reported to be modified,
namely formation of intermolecular cross linking by breaking intramolecular
disulphide bonds using heat denaturation; adjustment of pH of protein film-forming
solution and modification of protein side chains by either changing solvent or adding
salt (Gontard et al. 1992; Avena-Bustillos and Krochta 1993; Brandenburg et al.
1993; Pérez-Gago et al. 1999). And employing physical modifications like lamina-
tion, composite formation, ageing, heat curing, annealing and addition of emulsions
and nanoparticles (Gennadios et al. 1996; Kim et al. 2002). Usage of enzymatic
treatments and irradiation technique is also feasible as it helps in the formation of
covalent cross linkage between aromatic amino acids (Gennadios et al. 1998;
Vachon et al. 2000). Another research study has reported the use of microfluidization
and ultrasound techniques to improve molecular order and enhance intermolecular
interactions at the same time (Banerjee et al. 1996).

1.6.1.1 Wheat Gluten
These films are formed by preparing casting solutions with acidic or basic conditions
in the presence of reducing agents and alcohol (Cuq et al. 1998). The change in pH
caused by acidic and basic conditions of the medium leads to the disruption of
hydrophobic, hydrogen and ionic interactions. By the dispersion of wheat gluten in
alkaline or acidic environments (addition of reducing agents), the intra- and inter-
molecular disulphide bridges are cleaved and are reduced to thiol (functional
groups). Wheat gluten becomes concentrated after drying of film-forming solution
and evaporation of volatile solvents. This results in the formation of new
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intermolecular interactions as the active sites become free for the sake of bond
formations. The cohesive network formed during film formation is contributed by
the hydrogen and disulphide bonds as well as hydrophobic interactions.

1.6.1.2 Zein
Zein films are formed by preparing warm casting solutions by dissolving it in
aqueous ethyl alcohol or isopropanol. Ethyl alcohol from the film surface is
evaporated and it results in the formation of hydrogen, hydrophobic interactions
and disulphide bonds within film matrix (Padua and Wang 2002). Zein film acts as a
potent barrier against oxygen, moisture and lipid and finds its application in foods
like confectioneries, nuts and candies. It is used commercially as a finishing agent
that tends to impart surface gloss to the food products. Zein coating is also exten-
sively used in pharmaceutical industry for the controlled release of the active drug
ingredients and also to guise the taste of orally administered drugs (Meyer andMazer
1997). It is also reported that the oil uptake by fried foods and moisture loss is
reduced by using zein-based coating materials (Park et al. 1994; Mallikarjunan et al.
1997).

1.6.1.3 Soy Protein Isolate
It is also used for the preparation of film-forming solutions that are formed via
hydrophobic interactions as well as intermolecular disulphide when the casting
solution is denatured by heat. These films can be used to control lipid oxidation in
precooked meat products and also helps to limit moisture loss from the external
surface of food commodities (Wu et al. 2000). These films also act as potent carriers
for the transport of antioxidants, antimicrobial compounds as well as flavouring
agents (Kunte et al. 1997). Soy protein isolate films are used on products like meat
pies, cakes containing high moisture content, cheese and coating of fruits and
vegetables; where these protective films are used as microencapsulating agents and
are highly permeable to water vapours (Petersen et al. 1999).

1.6.1.4 Collagen
Collagen is reported to have high solubility as it tends to swell in polar solvents due
to its hydrophilic proteinaceous nature owing to the occurrence of amino acids such
as proline, hydroxyproline, glycine, etc. Studies have reported that overwrapping
collagen films on refrigerated and thawed beef significantly reduced the colour
changes and oxidative changes followed by exudation (Farouk et al. 1990). In
order to increase juiciness, reduce shrink loss, absorption of fluids exudates and
for the easy removal of nets post-cooking, these collagen-based films have been used
for processed meats and meat products.

1.6.1.5 Gelatin
Gelatin coatings are widely used for encapsulating low moisture food products or
oil-based foods. It is also used for dietary supplements as it acts as a carrier of
bioactive ingredients and oil, and also acts as a barrier against oxygen and moisture.
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Gelatin films are used in pharmaceutical industry as an encapsulating agent in
forming either soft or hard capsules (Rahman 2007).

1.6.1.6 Casein
Casein films are known to be excellent barriers of oxygen as well as moisture and
find its application in retarding lipid oxidation. It also acts as a potent carrier of
bioactive ingredients, flavouring agents and nutrients present in food products. Its
property of low water activity has been shown to act as a water barrier for fresh
produce, frozen foods, water-soluble pouches and dry fruits (Gennadios 1994).

1.7 Carbohydrate-Based Packaging Materials

Carbohydrate-based or polysaccharide coatings are known to act as excellent
barriers against oxygen, oil and odour and, at the same time, it provides a little
resistance against water migration. For the formation of polysaccharide films, the
interactions among long-chain polymeric segments are disrupted and then new
bonds are established such as hydrogen bonds and hydrophilic bonds. The solvent
is then evaporated in order to obtain a film matrix. These films are known to provide
good structural integrity as well as strength. Polysaccharide films help to increase the
shelf life of the coated food products as it play a major role in delaying the ripening
process of fresh produce. Its hydrogen bonded network contributes to the excep-
tional oxygen barrier property of these films (Saklani et al. 2019).

1.7.1 Cellulose

Various derivatives of cellulose such as carboxymethyl cellulose, hydroxypropyl
methyl cellulose, hydroxypropyl cellulose and methyl cellulose are used as edible
packaging materials owing to their excellent film-forming properties. The perme-
ability, solubility, structural and mechanical properties depend upon various factors
like the type and degree of substitution for functional group, chain length of the
polymer, etc. Cellulose-based coatings are effective barriers against oxygen, mois-
ture as well as oil and are, therefore, applied to a number of food products
(Balasubramaniam et al. 1997).

1.7.2 Starch

Starch is composed of two components, namely amylose and amylopectin. These
components (amylose and hydroxypropyl amylose) are used for the formation of
edible food coatings as well as encapsulating agents. These starch-based films are
most commonly used for coating confectionery products, batters, bakery items and
meat products owing to its property to act as a barrier against oxygen and lipids.
They also help to improve the texture, appearance as well as handling practices.
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1.7.3 Chitosan

Properties and viscosity of chitosan films are majorly affected by the type of organic
solvent used as these films are formed by casting aqueous acidic solutions. The post-
harvest life of fresh fruits and vegetables can be increased by using such chitosan
films that are semipermeable in nature. The cationic group (contributed by the amino
group) present on chitosan films can easily react with negatively charged groups like
ions, cholesterol, fats and proteins. These reactions bring about a good chance of
chemical modification. These films exhibit properties like antioxidant, antimicrobial
and act as a carrier of bioactive ingredients. It has also been reported in some studies
that coatings of chitosan help in delaying enzymatic browning in fresh fruits (Zhang
and Quantick 1997; Coma et al. 2002).

1.7.4 Pectin

Water from the pectin gel is evaporated for the formation of edible pectin films.
Pectin films act as sacrificing agents by retarding water loss from the food product
and prevents it from getting dehydrated; instead the moisture gets lost from the gel
matrix. These coatings aid to improve the texture, appearance and handling of food
products by retarding water loss and oil migration (Kester and Fennema 1986).

1.7.5 Alginate

Solvent from alginate gels is evaporated to form alginate films. There is another
procedure in which the alginate solution is dried and then treated with solution of
calcium salt in order to establish cross linkage. Different factors like temperature,
pH, time of exposure, concentration of cations and presence of composite
constituents play a vital role in the alteration of permeability as well as the strength
of alginate films. In similar line with pectin films, the gelatinous alginate films also
act as sacrificing agent and, thus, prevent the desiccation or dehydration of enrobed
meat. These films are used as encapsulating agents in food and pharmaceutical
industries. It also helps to prevent the process of oxidation in foods due to their
potent oxygen barrier properties (Hambleton et al. 2009).

1.7.6 Gums

The most widely used gums as coating material for encapsulation are
heteropolysaccharides, which have a complex structure including gum ghatti, gum
arabic, gum tragacanth and gum karaya. Among them, guar gum is used as a good
coating material owing to its properties like solubility (in both hot as well as cold
water) and viscosity. It forms a gel-like consistency on binding with calcium.
Another example of gum (polysaccharide) is locust bean gum that is neutral in
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nature and is quite soluble in hot water; thereby producing highly viscous solutions
ideal for forming coating material and are also stable at variable temperature and pH
(Pegg and Shahidi 2007).

1.8 Lipid-Based Packaging Materials

For many years, lipid-based compounds have been used as wrapping material for
protection of food products. Lipid-based coatings are highly fragile, lack cohesive-
ness and are not self-supporting due to the inability of lipids to form polymers.
Lipids lack covalent bonds and do not form long chains as they lack repeating units.
These coatings act as a protective barrier against moisture and oxygen. It has been
reported that wax films are much more resistant to the migration of water as
compared to lipid or non-lipid films used as edible packaging materials. There are
various applications of different types of lipid-based coatings. In order to impart a
glossy and attractive appearance to food commodities, edible resins like wood resin,
terpene resin and shellac are widely used. Shellac possesses low polarity and is used
for confectionery and freshly produced food commodities (Saklani et al. 2019).
Lipids are used to form composite films as they act as an excellent barrier against
water migration. Besides having various advantages as discussed above, the use of
lipid-based edible packaging materials is sometimes disadvantageous also due to the
greasy surface, possible rancidity as well as their waxy texture and taste
(Janjarasskul and Krochta 2010).

1.8.1 Glycol Esters

The properties of edible ingredients for coating food commodities depend upon the
degree of saturation, physical state as well as length of chain of fatty acids. Coating
films based on glycol esters are either used alone or in combination with other
ingredients like fatty alcohols, fatty acids, etc. There are some problems associated
with glycol ester coatings like bitter aftertaste, acidic mouthfeel, cracking and flaking
during storage (Bourlieu et al. 2008).

1.8.2 Waxes

Wax coatings are much more resistant to water migration as compared to lipid or
non-lipid edible films. These are either used alone or in combination with other
ingredients. Examples of natural or synthetic edible wax-based coatings include
candelilla wax, beeswax, carnauba wax, rice bran wax, paraffin wax, petroleum wax,
etc. (Kester and Fennema 1986; Rahman 2007).
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1.8.3 Resin

Such coatings like shellac, wood resin and terpene resin are used to give a glossy
appearance to food commodities. Shellac consists of aleuritic acid and shellolic acid
that are complex polymers of alicyclic and aliphatic -OH acids. Resin coatings are
extensively employed in food and pharmaceutical industry as a coating material for
fresh produce as well as confectionery food items. They are soluble in alkaline and
organic solvents.

1.8.4 Composite Packaging Materials

In general, the fabrication of composite films is done by either of the two methods
including lipid emulsion or hydrocolloid bilayer, which is made of a lipid compo-
nent. The lipid globules are homogenously dispersed by using an emulsifier
followed by entrapping into a matrix of hydrocolloid component to provide support.
There are two different techniques to form bilayer film, namely emulsion and coating
technique. The former comprises of lamination or casting of the molten lipid film-
forming solution over a preformed protein-based or polysaccharide-based film for
the preparation of final bilayer film, while the latter (emulsion technique) involves
the solubilization of lipid in film-forming solution prior to film casting. Post-drying,
the bilayer film is formed as a result of phase separation (Pérez-Gago et al. 1999).

Studies have revealed that bilayer films are more efficient as compared to stable
emulsion films in terms of exhibiting water vapour barrier properties due to the
presence of continuous hydrophilic layer in the film (Debeaufort and Voilley 1995).
Besides having advantages, there are certain disadvantages associated with coating
technique that the bilayer structure is highly susceptible to get cracked and
delaminated. Moreover, two types of castings are required for the coating technique.
On the other hand, there are multiple factors that need to be taken into account while
fabricating stable emulsion films including melting temperature of the liquid, cross
linkage and volatilization of the solvent (Pérez-Gago et al. 1999).

Significant advances have been made in the field of composites and it seems to be
correlated with the evolution of nanotechnology. For improving the mechanical
barrier properties of edible packaging materials, bio-nanocomposite materials are
known for their promising properties (Azeredo et al. 2009; de Moura et al. 2009).
Nanoparticles are used in the form of a homogenous dispersion to form a large
matrix that further contributes to the thermal and mechanical properties of the
material by changing their molecular mobility, nanostructure and relaxation
behaviour. Moreover, nanocomponents also aid in refining the barrier properties of
the composite films (Dalmas et al. 2007).
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1.9 Utilization of Edible Packaging as a Carrier of Bioactive
Compounds

The edible packaging is applied on to the food materials by layers that have good
impact on preservation, marketing and distribution of foodstuffs by protecting it
from microorganisms and physical and chemical damage. Different types of
compounds are used to making edible packaging materials including antimicrobials,
antioxidants, additives, nutraceuticals and flavouring compounds, which helps to
improve the quality of packaging materials and handling (Tavassoli-Kafrani et al.
2016). The use of certain types of antioxidants in edible packaging helps to prevent
oxidation of food containing lipids and proteins, which cause a change in flavour and
colour (Robertson 2012). The incorporation of antimicrobial compounds into edible
packaging materials can help to increase the shelf life of food products and prevents
the growth of microorganisms (Bagheripoor et al. 2018; Lappa et al. 2019). The
additives also help to improve the bioactive properties of packaging materials; it
includes herbs and spices (essential oils, plant extracts and organic compounds) as
well as natural antioxidants (Silva-Weiss et al. 2013). In Table 1.1, the role of
different bioactive compounds used in edible packaging is shown.

1.10 Formulation of Edible Packaging

The edible packaging formulations involve at least one natural polymer, which is
able to formulate a structural matrix that is sufficiently cohesive. The application and
functional properties of edible packaging mostly depend on certain cohesion forces,
including covalent bonds, ionic bonds and hydrogen bonding, between film-forming
polymer molecules. The biopolymer cohesive strengthens it, depending upon the
film-making process and parameters, structure and chemistry, plasticizers and
additives concentration. In edible coatings, solid fats, resins and waxes are formed
by melting and solidification process; for the solubilization, evaporate the solvent
with organic solvent followed by the preparation of emulsion by adding water and
again evaporating it. The wet and dry processes technology is used to achieve the
formation of hydrocolloid-based biopolymer. The wet process also known as solu-
tion casting is based on coacervation mechanism. It can also result from the coagu-
lation or thermal gelation process after cooling it in case of gelatin or agar. Based
upon the number of biopolymers, the coacervation could be either simple or com-
plex. The fatty substance material and possibly a surfactant is incorporated into the
biopolymer solution required if the film formulation is based on an emulsion. This
solvent mixture is heated above the melting temperature of fats, homogenized and
cast or directly applied while melted or after cooling. For developing film, the
different types of solution casting techniques are developed including microwave,
air drying, hot surface and infrared. The thermal properties of the film’s biopolymer
are based on dry thermoplastic extrusion process (Janjarasskul and Krochta 2010).

The several important characteristics of edible packaging are as follows: it does
not contain toxic, non-digestible allergic component; it should prevent structural
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stability during handling and display and transportation; the material should uni-
formly cover the whole surface of food materials; the food materials maintain
moisture content and, hence, prevent water transmission rate; the internal environ-
ment of foods is maintained during storage like aerobic and anaerobic gases, in
addition to the sensory properties, nutritional and organoleptic properties; it should
prevent the growth of microbes in food and packaging materials and stop the
degradation of compounds; it should provide the micronutrients, flavour and also
the colour; the antioxidants and antimicrobial compounds should prevent oxidation
of fats and proteins as well as stop the enzymatic activity; the cost of packaging
materials should be less and environment friendly as well as the process of
manufacturing should be easy (Dinika et al. 2020).

Table 1.1 The role of different bioactive compounds used into edible packaging

Bioactive compound Foods Role of bioactive compound References

Semi-refined κ-carrageenan
and water extract of
germinated fenugreek seeds

Chicken
breast

• Increase in phenolics
content and antioxidant activity
• Control the growth of

microorganisms

Farhan and
Hani (2020)

Lactic acid bacteria and
Sodium carboxymethyl
cellulose

Banana • Reduce water vapour and
light transmission rates
• Prevent lipid oxidation and

improve shelf life

Li et al.
(2020)

Mango leaf extract Cashew
nuts

• More resistance to oxidation Rambabu
et al. (2019)

Vitamin C and citric acid Fresh-cut
mangoes

• Prevent browning
• Increase antioxidant

property

Robles-
Sánchez et al.
(2013)

Clove and oregano oils Iceberg
lettuce

• Effective against coliform
bacteria
• Reduce discoloration
• Improve overall freshness

and odour

Wieczyńska
and Cavoski
(2018)

Limonene Cucumber • Possesses weight loss
properties, firmness, colour, pH,
Tg and organoleptic properties
• Reduces fungal growth

Maleki et al.
(2018)

Grape seed extract Rainbow
trout fillet

• Maintains the sensorial
quality
• Extend the shelf life

Hassanzadeh
et al. (2018)

Nisin, thymol and lauric
arginate

Chicken • Reduce food-borne
pathogens E. coli, Salmonella
spp., L. monocytogenes and
S. aureus over 28 days
refrigeration condition.

Hassan and
Cutter (2020)

Garlic essential oil Roasted
peanuts

• Inhibited growth of
Aspergillus flavus
• Prevents lipid oxidation

Orsuwan and
Sothornvit
(2018)
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1.11 Applications of Edible Packaging

The selection of appropriate material for fabrication of edible packaging is influence
by the storgae conditions of the food that is packaged. The different types of
materials used for film and coating of food products include carbohydrates, lipids,
proteins and combination of two or more mixture of these. Edible packaging plays
important role in extending the shelf life of food products (Falguera et al. 2011). The
applications of edible packaging on various food products are explained below.

1.11.1 Fruits and Vegetables

The major cause of spoilage caused in fruits and vegetables is exchange of gas
during storage and microbial growth (Bakar et al. 2020). For fruits and vegetables,
mineral oils, paraffin, beeswax, candelilla shellac and waxes are used for edible
packaging (Baldwin 1994). The main aim of edible coating is to improve the natural
vegetable and fruit barrier. This coating material is eaten as food, it helps to increase
the shelf life of foods as well as it is eco-friendly (Ali et al. 2010). The different types
of processing technologies involved in the processing of fruits and vegetables
increase the chances of nutrient loss. The 30% of spoilage of fruits and vegetables
are due to action of microorganisms and insects during harvesting time, transporta-
tion and maintenance process, which lead to tissue damage and, hence, the integrity
of the food products. Fruits and vegetables are becoming more susceptible to
contamination, development of undesirable volatile compounds and changes in
texture; all these reduce their health benefits (Ribeiro et al. 2020). These changes
in fruits and vegetables are controlled by using artificial materials in the form of
edible films or coatings (Senturk Parreidt et al. 2018). The application of edible
packaging on fruits and vegetables and their effects are shown in Table 1.2.

1.11.2 Dairy Products

The dairy products are described as products that get through by processing of milk;
it may contain ingredients or food additives. The demand of milk products has been
observed to increase particularly in developing countries due to the increasing
population and also change in dietary patterns (FAO 2019). The dairy products are
good source of essential nutrients that are important for children’s growth and also
maintaining good health of adults (Cardador and Gallego 2016). The use of edible
packaging material for cheese helps to minimize quality losses. These changes
mostly happened due to action of microbes and enzymes, development of undesir-
able compounds, changes in sensory properties and moisture loss (Senturk Parreidt
et al. 2018; Guitián et al. 2019). The application of edible packaging on dairy
products and their effects are shown in Table 1.2.
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Table 1.2 Application of edible packaging on different foods

Fruits and vegetable applications

Foods
Edible packaging
materials Outcomes and results obtained References

Strawberries Pectin, lemongrass
essential oil and cellulose
nanocrystals

• The edible coating was
effective to minimize weight loss
without affecting the chemical
parameters

Da Silva
et al.
(2019)

Orange Salicylic acid and aloe
vera gel

• It help to maintain the quality
during cold storage and inhibits
growth of microorganisms

Rasouli
et al.
(2019)

Tomatoes Almond gum and gum
arabic

• Increase the shelf life and
affect changes in weight, firmness,
titratable acidity, TSS, colour,
vitamin C content and decay
percentage of tomatoes

Mahfoudhi
et al.
(2014)

Soybean oil Pomelo peel flour and tea
polyphenol

• Oil oxidation reduces during
storage

Wu et al.
(2019)

Potato chips Whey protein and
rosemary extract

• The acrylamide and oil
content during frying reduce,
improve firmness and texture as
well as sensory properties

Trujillo-
Agudelo
et al.
(2020)

Dairy products applications
Paneer Casein and clove bud

essential oil
• Maintain the sensory quality

of paneer
Archana
et al.
(2020)

Cheddar
cheese

Linalool, carvacrol and
thymol

• Reduce the growth of
A. niger on the surface of cheddar
cheese after 35 days of storage at
15 �C

Kuorwel
et al.
(2014)

Cheeses Agar and glycerol • Control the growth of
L. monocytogenes in cheeses

Guitián
et al.
(2019)

Kashar
cheese

Sorbitol, whey protein
isolate, alginate and ginger
essential oil

• Decrease the growth of
E. coli O157:H7 and S. aureus

Kavas et al.
(2016)

Meats, poultry and seafood applications
Beef Heracleum lasiopetalum

essential oil and Lepidium
sativum seed mucilage

• Maintain the overall
acceptance
• Prevent microorganism

growth and oxidation

Barzegar
et al.
(2020)

Fresh pork Grape seed extract, nisin
and chitosan alginate

• Inhibit pork oxidation and
microbial spoilage

Xiong et al.
(2020)

Beef Basil extract and alginate • Improve the antioxidant
properties and reduced the lipid
oxidation during storage

Alexandre
et al.
(2020)

Fish
sausage

Papaya seed extract and
sago starch-gelatine

• No colour changes during
storage
• Maintain overall quality

Bakar et al.
(2020)

(continued)
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1.11.3 Meats, Poultry and Seafoods

The quality of meat, poultry and seafood products is improved by using edible
packaging as it helps to minimize the moisture loss, prevents oxidation, improves the
overall appearance, improves sensory properties and increases the shelf life
(Gennadios et al. 1997). The quality of meat is known to increase during storage,
when packed with carbohydrate based edible films. The weak water barrier
properties of carrageenan, when it is applied on fresh and frozen meat, poultry and
fish compared to polysaccharides, help to prevent moisture loss (Debeaufort et al.
1998). The use of this packaging method involves different processes like spraying,
dipping, foaming, casting, individual wrapping and rolling on to meats, poultry and
seafood products. The application of edible packaging on meats, poultry and seafood
products and their effects are shown in Table 1.2.

1.12 Regulations

The edible packaging is an integral part of the edible portion of the food items;
therefore, it is necessary to follow all the regulations relevant to food ingredients
(Guilbert and Gontard 1995). The edible packaging, depending on its role, could be
classified as food contact substances, food packaging materials, food products or
food ingredients (Debeaufort et al. 1998). While making edible packaging films or
coating, ingredients must be generally recognized as safe (GRAS) for the intended
use or approved by the FDA or U.S. Pharmacopoeia/National Formulary. One has to
follow the good manufacturing practices (GMP) while using edible packaging
materials and additives (Janjarasskul and Krochta 2010). The different types of
edible packaging materials are made up of eggs, fish, milk (casein and whey),

Table 1.2 (continued)

Fruits and vegetable applications

Foods
Edible packaging
materials Outcomes and results obtained References

Smoked
salmon

Gulfweed seed • No effects on aroma Kim et al.
(2018)

Chicken
breast fillet

Ginger essential oil and
sodium caseinate

• Increase the shelf life
• Decrease the level of aerobic

bacteria under refrigeration storage
for 12 days and no significant
effect on TBARS value

Noori et al.
(2018)

Chicken
breast fillets

Black pepper seed extract,
turmeric extract and
carboxymethyl cellulose

• Good antimicrobial activity
against total aerobic mesophilic
bacteria and total aerobic
psycrotrophic bacteria
• Maintain colour, appearance,

odour and overall acceptability
during storage

Dalvandi
et al.
(2020)
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wheat, peanuts and soy proteins; therefore, taking it into account that some of these
are allergens, it must provide all information to consumers according to Food
Allergen Labelling and Consumer Protection Act of 2004 (Franssen and Krochta
2003; Janjarasskul and Krochta 2010).

1.13 Advantages and Disadvantages of Edible Packaging

Edible packaging is biodegradable, it prevents moisture loss and helps to stop
chemical reaction in foods like one of the enzymatic reactions (Osorio et al. 2011).
The edible packaging materials help to increase the shelf life of foods by minimizing
loss of oxidation, gas permeation rate, inhibit the growth of microorganisms and
oxidative rancidity (Dhanapal et al. 2012). Edible packaging materials do not contain
any harmful chemical substances, instead it contain natural and biodegradable
substances that are obtained from agricultural sources and, thus, help to protect the
environment (Debeaufort et al. 1998). These packaging materials can be directly
consumed with food products and do not cause any harm to the animals (Shit and
Shah 2014). Edible packaging acts as a carrier with the addition of some naturally
available bioactive compounds and agents in accordance with internationally
induced dose release of antimicrobial, antioxidants and vitamins to the specific
alimentary matrix. It also helps to increase the quality and reduce microbial load
of foods (Suhag et al. 2020).

The thick coating is applied onto any type of food products, which prohibit
oxygen exchange and development of off flavour in the food products. The edible
coating plays an important role as a gas barrier so it causes anaerobic respiration in
fruits and vegetables, which results in causing a delay in the ripening process. In
addition, some edible packaging materials are present into hygroscopic form so it
helps to hinder microorganism growth (Raghav et al. 2016).

1.14 Consumer Acceptance and Commercialization

The consumer acceptance includes properties like sensory properties, marketing,
safety as well as cultural and religious restrictions associated with the use of new
materials and applications, and is also significantly affected by potential uses of
edible materials. The cost of edible packaging materials is another factor that
influences consumer acceptance. It has been revealed that the cost of edible packag-
ing is high as compared to the plastic packaging materials. During the manufacturing
of edible packaging materials, major focus is kept on reducing the cost of packaging
materials so that the consumers are attracted more towards edible packaging
materials.
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1.15 Conclusion

The demand to use sustainable packaging solution has forced all manufacturing
industries to amend their ways and thus, have significantly changed the packaging
industry aswell. In the other side of packaging sectors, the edible packaging is
recognized as healthy, biodegradable, low cost and sustainable as compared to the
plastic packaging materials. The edible packaging (coatings, sheets, pouches and
films) provides a good oxygen barrier, moisture barrier and aroma barrier properties.
Different types of compounds are used to make edible packaging materials including
antimicrobials, antioxidants, additives, nutraceuticals and flavouring compounds,
which helps to upgrade the quality of packaging materials and handling. The edible
packaging is used for different foods like fruits and vegetables, dairy products, meat,
poultry, seafoods, nuts, cereals and confectionary products. The advantages of edible
packaging material are unique and versatile such as providing product stability,
variety, better quality, more safety along with convenience to consumers. The future
research is required on reducing the cost of packaging materials, how to implement it
on industrial scale, improve its functional properties and to evaluate the compatibil-
ity between packaging, final product along with human consumption.
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