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Abstract

Packaging is an indispensable fragment to preserve quality characteristics and
improve storage, transportation and marketing of food products. Increased health
interests in nutrition, safety and environmental issues have led to the development
of edible packaging. Edible packaging developed from agro-industrial
byproducts and wastes has always been a trend. Recent studies have shown
reduction in the environmental wastes caused due to the non-biodegradable
food packaging. Diverse edible packaging materials developed have barrier
properties towards the transfer of oxygen and moisture and have been success-
fully used to replace synthetic polymer-based films. Much attention acquired by
edible packaging is due to increased shelf life, enhanced mechanical properties,
enrobing heterogeneous foods and preserving organoleptic characteristics.
Biopolymers like pure starch find their way to be used for the development of
films. Films produced from starch are hard with poor mechanical properties and
are also difficult to handle due to high water sensitivities. Various methods have
been employed to mitigate the shortcoming of films that are based on starch and
involve its modification by physical, chemical and biological techniques. Modifi-
cation changes the cross linkages of starch and addition of certain nontoxic
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functional additives. Research on techniques for the amelioration of mechanical
and protective properties of these films which are edible in nature has endured
rapid expansion in the past years. The current study envisages the methods and
techniques for the improvement of characteristics of edible films.
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18.1 Introduction

Edible packaging materials such as films and coatings have gained popularity among
food researchers, scientists and industries due to their inherent biodegradability and
edibility as they can be directly consumed and thereby reducing waste disposal
problems. Furthermore, they provide excellent barrier properties and enhance the
overall quality of food products (Bourtoom 2008). Important factors taken in
consideration while selecting materials for development of edible food packaging
includes; their ability to improve processing and preservation techniques, their
performance as a barrier to environment and excellent carrier of bioactive
compounds. Generally, edible films work as an effective moisture barrier and they
have the ability to prevent moisture exchange between food materials and surround-
ings, thus inhibiting undesirable enzymatic and chemical reactions, textural changes
and microbial growth (Janjarasskul and Krochta 2010). These packaging films are
likely to be capable of preserving the quality and enhancing the keeping quality of
oxygen-sensitive food, therefore they can also work as a good oxygen barrier.
Carrageenan and chitosan based edible film are the effective barrier to non-polar
aroma compounds, inhibiting oxidation and loss of aroma (Hambleton et al.
2009a, b). Edible coatings based on hydrocolloid for example
carboxymethylcellulose (CMC) and alginate also helps in keeping the internal
moisture of the product intact and reducing uptake of fat in fried foodstuffs which
have been deep-fried (Dragich and Krochta 2010). Selective permeability of edible
materials can help in restricting aroma and flavor loss at the time of freeze-drying
operations, whereas during brine-freezing operations, materials having high water
vapor permeability can help in reducing salt migration into food (Janjarasskul and
Krochta 2010). While selecting the various materials for the formulation of these
edible packaging films, an important aspect of it being an excellent carrier of
antioxidant or antimicrobial compounds and also its ability to restrict the migration
of molecules from the edible package to the food product is highly considered for its
various food product applications. There have been various researches in this area of
edible materials for the preservation of food due to their good delivery properties.
There are various advantages of edible films such as reduction of waste and solid
disposal problems, enhancing organoleptic properties like color and sweetness and
enhancing the nutritional values of food products by supplementation. Edible films
are environment friendly as they can be fully consumed or can be biologically
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degraded or recycled. These edible films can be used in the form of an interface
between the various layers of the food product which are heterogeneous in nature so
as to prevent it from being deteriorated like in the case of strawberries. These films
can be used as carriers of antimicrobial or antioxidant species and can also be used
for the purpose of microencapsulation of flavoring agents. There are also various
functional properties of these edible films such as retarding moisture migration in
fruits and vegetables which are wax coated, retarding gas permeability of carbon
dioxide and oxygen, retarding solute transport as well as oil and fat migration. Edible
films also carry food additives, retain volatile flavor compounds, improve mechani-
cal handling properties of food and enhance the nutritive value of food. The desired
characteristics for the formulations of these films and coatings which are edible in
nature depends majorly on its application on the food product which is getting
coated. Therefore, for oxidation sensitive food products, low oxygen permeability
is required.
There are various sources of edible films such as:

1. Proteins: Pea protein, Soy protein, wheat gluten, whey protein, casein protein,
corn zein, collagen and gelatins, fish myofibrillar protein, egg white protein,
peanut protein.

2. Polysaccharides: Starches and modified starches, pectins, kefiran, chitin and
chitosan, Galactomannans, Cellulose & modified cellulose, Carrageenan,
Xanthan gum, Gellan gum, Alginate, Pullulan.

3. Lipids: Oils, Free fatty acids, Carnauba wax, paraffin, beeswax, Shellac resin,
Acetoglycerides, Terepene resin.

18.2 Applications of Edible Packaging Films
18.2.1 Oxygen Barrier

There are various reasons for food deterioration such as lipids oxidation and oxida-
tion of food ingredients, enzymatic browning of fresh-cut produce or myoglobin
discoloration in fresh meat cuts. Edible films with low oxygen permeability help in
preserving the food quality and extending the keeping quality of oxygen sensitive
food products while decreasing the usage of non-recyclable plastics. At low relative
humidity (RH), the edible films which are based on the hydrocolloidal property
mostly have excellent resistance towards gas. In case of high relative humidity
(RH) due to the effect of moisture absorption, hydrophilic EVOH film and
hydrocolloid-based films are plasticized, this results in the gradual reduction in the
resistance or barrier properties of the edible films (Janjarasskul and Krochta 2010).
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18.2.2 Moisture Barrier

The migration of moisture from the atmosphere to the food product can be inhibited
by the use of modified edible films. Undesirable alterations in the texture of the food
product, microbial growth, deteriorative enzymatic and chemical reactions can occur
as a result of the alterations in the water content of the packed foods. It has been
observed that edible films which are based on the hydrocolloidal properties have
higher permeability of water vapor as compared to films prepared by plastics and
edible waxes. WVP of hydrophilic films increases at high plasticizer concentration
and high relative humidity (RH) due to their significant polarity. Therefore, only in
the case of protection of food from moisture migration of food with low moisture
content, these films can be used effectively as protective barriers for a short duration
of time. Whereas, lipids or any other hydrophobic compounds have low polarity,
dense-structured molecular matrixes and low water affinity, therefore they are
generally used to prepare moisture barrier coatings or increase the moisture barrier
properties of hydrocolloid-based edible films (Janjarasskul and Krochta 2010).

18.2.3 Aroma Barrier

It is extremely important to restrict the loss of characteristic flavor and aroma of the
food product which are volatile in nature and the inclusion of off-flavor from the
atmosphere into the packaged food during their distribution as well as the storage. In
the case of low diffusivity of the compound that is migrating through the polymer
matrix and low affinity to film materials, the barrier property of the packaging film is
developed. These edible films having the polysaccharides with hydrophilic nature
makes them an excellent barrier to the compounds that cause the aroma of the food
product which are non-polar in nature. Therefore, the flavor and aroma encapsulation
with the help of carbohydrates and protein-based emulsion films were proposed
(Rosenberg and Lee 2004; Pegg and Shahidi 2007; Hambleton et al. 2009a, b).
Preservation of the active ingredient in the dispersed phase which is non-polar in
nature or the aroma compounds which are organic and hydrophobic in nature is the
sole objective of this technology. The oxidation of the food product or its aroma loss
is prevented by the matrix which is made up of a polymer having hydrophilic
properties. When compared with the calculations and measurements of gas and
moisture migration, the permeability of aroma compounds is limited and relatively
challenging. Various methodologies for the determination of aroma permeability
were also proposed (Debeaufort and Voilley 1994; Miller and Krochta 1998).

18.2.4 Oil Barrier

Grease resistance can be provided by edible packaging to any lipid-containing
products. There is limited data to the quantitative information of the permeability
of o0il (Krochta 2002). The property of grease-resistance is expected to be shown by
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the inherent hydrophilicity of carbohydrate and protein-based polymer films.
Examples include whey protein (De Mulder-Johnston 1999) and zein (Trezza and
Vergano 1994) were observed to have excellent grease resistance ability.

18.3 Methods of Improvement

Films made from proteins are promising biomaterials since they are excellent gas
barriers. However, protein films have certain limitations like poor resistance to
moisture and water vapor due to their moisture absorbent nature and lack of
mechanical strength. The method of cross-linking is an effective method to improve
cohesion, mechanical strength, rigidity, water resistance and moisture restrictive
property. There can be a usage of several functional groups of proteins to accomplish
this. A broad spectrum of various active compounds can be interacted using protein
networks. The various functional groups present on the side groups of it which are
reactive in nature can do this. Functional properties of films are enhanced by
modifying it via physical, chemical or enzymatic cross-linking.

18.3.1 Physical Modification

18.3.1.1 Casting

The commonly used technique for formation of a film in laboratory as well as pilot
scales is casting method or also known as solvent casting. It involves three steps for
the development of a film from biopolymers; firstly, suitable solvent is taken to
solubilize biopolymer followed by the solution being casted in the mold itself and
finally its drying takes place (Rhim et al. 2006). The specific polymer or the whole
polymer mixture is being selected and this marks the initiation of the formulation of
these edible films. The polymer which is chosen is dispersed or dissolved in a solvent
which is fitting to it; like soy protein isolate polymer is dissolved using ethanol
(Jensen et al. 2015); which is termed as solubilization. The polymers ability to
solubilize is the main factor on which solvent casting of film formation is dependent
upon, rather than its melting (Koide et al. 2013). During casting, glass plates coated
with Teflon are used where the obtained solution is poured. The process of drying
provides enough duration for the solvent to vaporize which results in the attachment
of the polymer film to the mold. Air dryers such as vacuum dryers, tray dryers,
microwave and hot air ovens are used for the casting of films so that the solvents can
be easily removed (Cha-um et al. 2003). For the casting of edible films, the process
of air-drying is a crucial step which helps in formulating an edible film with
advantageous microstructure as well as improving the various interactions in the
polymer chains (Sherrington 2003). Quick-drying methods applied for casting has
resulted in undesirable outcomes on structural and physical properties (Velaga et al.
2018). For the development of edible films, there have been quite some studies on
the various relations being the air-drying temperatures and methods (Kaya and Kaya
2000; Tapia-Blacido et al. 2013). Developed edible film should be consistent and
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does not have any imperfections such as non-consistency, mechanical harm and
inclusion. The most essential parameters of edible films include transparency,
thickness, opacity, thermal stability, swelling degree, physical strength as well as
the ability to transport oxygen and moisture along with its biological characteristics
(Skurtys et al. 2011; Kanatt et al. 2012; Khanzadi et al. 2015). The formation of an
easily peeled edible film is done with the help of plasticizers and cohesive matrix
which results in excellent barrier properties, mechanical strength, uniform micro-
structure and thermal stability (Park et al. 2008; Fakhouri et al. 2013). Owing to the
significant increase in the quantity of plasticizers, there has been a positive impact on
the mechanical strength, thermal properties and barrier properties of the edible film
(Sothornvit and Krochta 2005; Sanyang et al. 2015).

18.3.1.2 Extrusion

Extrusion method is a crucial technique for the processing of polymer provided it is
presently in application at commercial scale for producing polymeric films
(Hernandez-Izquierdo et al. 2008). It improves the physicochemical properties and
varies the structure of extruded products (Fitch-Vargas et al. 2016). Extrusion is
generally classified into three categories: first, the zone in which the materials to be
processed is fed, then the zone in which these fed materials are being kneaded and
finally the zone in which the kneaded material is heated (Hauck and Huber 1989;
Calderon-Castro et al. 2018). When the process initiates, the components of the mix
are carried into the first zone and then are further. This process is also called a dry
process as it works best with a minimum amount of solvent or moisture content.
Plasticizers are needed during this process to enhance and increase the flexibility of
the film (Peressini et al. 2003). The plasticizers which are extruded are polyethylene
glycol or sorbitol which is generally used in a measure of about 10% to 60% weight
for weight. The ingredients are passed into the kneading zone wherein the density,
strain, and temperature of the mixture increases. To develop extruder-based edible
film, the thermal energy (extruder barrel temperature) and mechanical (specific
mechanical energy) are involved in this method (Fitch-Vargas et al. 2016). It was
reported by (Wojtowicz et al. 2015) about the effect which the speed of the screw
had on the specific mechanical energy. The various properties of starch-based films
like shear rate, shear stress, and homogeneity are affected by the variations in the
screw speed of the extrusion. They also control the time of residence and facilitate
the addition and removal of the additives like stabilizers. Due to the increase in the
speed of the screw, the torque value of the edible films which were based on starch
was decreased (Su et al. 2009; Calderon-Castro et al. 2018). According to a study,
after a duration of about half an hour and 2 min, the required specific mechanical
energy for extrusion of cassava starch ranged from 242.73 to 56.81 KJ/Kg respec-
tively at 150 rpm having a moisture content of about 30% (Fayose and Agbetoye
2012). The thermal energy usually is between the ranges of 120-170 °C (Pandit et al.
2018). This technique requires high pressure of about 200 bar for the mixing as well
as for the desirable shape of the ingredients (Hanani et al. 2012). Various factors
such as reduction in the water level conditions and the thermoplastic behavior of
polymers when the glass transition temperature is surpassed during plasticization
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and heating. Multi-layer films can also be formed by the technique of co-extrusion
and can also provide flexibility in order to attain necessary and satisfactory
properties of these edible films. The structure of the film with multilayers developed
along with the improvement in the functionality and processability of the films are
developed by these multilayers in the edible films (Winotapun et al. 2019).

18.3.1.3 Antimicrobial Nanostructure Based Edible Films

The usage of antimicrobial compounds and nanostructures for the formulations of
various food packages have been extensively studied upon (de Azeredo 2013; Sung
et al. 2013). Major health related concerns are caused due to the inclusion of active
compounds which are undesirable in nature from the contact materials of food to the
matrix of the food. It is important to consider all of the components of edible
packaging materials as a component of the food, given that the entire food can be
consumed resulting in no harmful outcomes (de Azeredo 2013). Nano encapsulated
antimicrobial peptides and nano-emulsions containing essential oils are the two basic
methods of incorporating components having antimicrobial properties into the
polymer matrices of the food that is being used to formulate films which can be
both edible as well as have antimicrobial properties. Nano-emulsions are majorly
used for its property of being antimicrobial and further the encapsulation of essential
oils which are of plant origin to enhance shelf life and increase food safety (Pathakoti
et al. 2017). Various other bioactive compounds like carotenoids, quinones
antioxidants, fatty acids and phytosterols are also incorporated into these edible
films (Salvia-Trujillo et al. 2017). Furthermore, they should possess the ability to be
included in the edible films so as to produce active food packaging systems.
According to a study, the edible based films showing antimicrobial activity based
on hydroxypropyl methylcellulose (HPMC) contained as essential oil named Thy-
mus daenensis against a spectrum of fungus as well as bacteria. The scientists
illustrated that focusing on the origin of these essential oil (in other words, cultivated
or wild T. daenensis), as a result more efficient antimicrobial films were developed
against certain specific microorganisms due to their varying compositions (Moghimi
et al. 2017). In a study, edible films were produced based upon less or more methyl
ester pectins and cinnamaldehyde incorporated papaya puree with nano-emulsions
of different sized droplets. Smaller droplets create great inhibition zones result in
increased efficiency of antimicrobial activity against pathogenic and bacteria which
cause spoilage of food products because of their high bioavailability as well as
surface areas (Otoni et al. 2014a). In continuation with this observation, a study also
reported that increase in efficiency of antimicrobial activity of edible films based on
methylcellulose when these were incorporated by nano-emulsions of oregano and
essential oils from clove bud as compared to that of coarse emulsified films (Otoni
et al. 2014b). Similar results were observed for different other materials as well (Gul
et al. 2018).

18.3.1.4 Irradiation
There has been an immense usage of irradiation technique in order to improve the
properties of edible packaging films. Both barriers as well as mechanical properties
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of edible films based on proteins were improved effectively by inducing cross-
linking through irradiation method. The protein content of these films are generally
affected by irradiation which causes rupture of covalent bonds, oxidation of amino
acids, formation of protein free radicals, conformational changes and rupture of
covalent bonds. Proteins can be converted into higher molecular weight aggregates
by the formation of electrostatic, hydrophobic interactions, development of
disulphide bonds as well as inter-protein cross-linking reactions (Davies and
Delsignore 1987). The molecular properties of proteins can be modified by superox-
ide and hydroxyl anion radicals which are formed by radiation of film-forming
solutions. The cross-linkages which are covalent in nature are developed in the
solution of protein due to irradiation and these can further modify and improve the
protein films (Garrison 1987).

It has been suggested that the genesis of aggregates of high molecular weights are
negligible at the range of low-doses, but gradually increases at higher doses.
Improvement in protein films by irradiation treatment like gamma irradiation has
been immensely used to improve and develop the proteins. Gamma irradiation cross-
linking helps in improving the chemical stability and the water vapor permeability of
milk protein based films (Ouattara et al. 2002). There was an increased resistance to
enzymatic and microbial biodegradation and significant decrease in the water vapor
permeability due to gamma irradiation. It has also been observed that the film
forming solution had an increased high molecular weight protein concentration.
The researchers pointed out that the effect on gamma irradiation can be explained
by two hypotheses. The first hypotheses being the presence of more molecular
residues in intermolecular interactions when used in proteins with varying physico-
chemical properties and the second being the formation of intra- and/or intermolec-
ular covalent cross-links in the film-forming solutions.

A study investigated that gamma irradiation causes various effects on mechanical
properties of milk proteins. The gamma irradiations-initiated formation of a structure
of protein gel which was finely stranded. Due to this, the viscosity of proteins film
solutions which have undergone the process of irradiation was enhanced compared
to that of control films (Ciesla et al. 2004). It was seen that there was significant
improvement in the B-conformation as compared to non-irradiated milk protein-
based films due to application of gamma irradiations. Furthermore, due to the
presence of protein conformations which are correctly ordered in the gels derived
from irradiated solutions, the formation of more crystalline films takes place. As a
result, these films show excellent mechanical strength, increased rigidity and
improved barrier properties when compared to solutions which were not irradiated.

Lee et al. (2005) reported that a significant amount of disruption was found in the
protein molecules which had ordered structures when treated with gamma irradia-
tion. It changed the tensile strength as well as the elongation at break. Further it also
improved its water vapor permeability. Since there is an increased accumulation of
polypeptide chains, the tensile strength also increases significantly. Therefore, it is
observed that the reduction in diffusion rate through the film caused the decrease in
water vapor permeability of the edible film.
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The various properties of mechanical strength and water resistance of corn
protein-based films can be modified by the application of gamma irradiation
(Soliman and Furuta 2009). The physicochemical properties of zein based edible
films are potentially modified with the help of gamma irradiation treatment, specifi-
cally the properties of moisture resistance. The absorption of water molecules into
the film was done by its treatment with proteins having high molecular weight
procured from cleaved polypeptide and disaggregated protein particles and the
diffusion through these films can be reduced by the formation of the earlier men-
tioned linkages.

18.3.2 Chemical Modifications

The film forming properties can also be improved using treatments with chemicals
like alkali, acid or cross-linking agents. Less permeability and greater tensile
strength were obtained when there is an increase in the protein structure interaction.
It was observed by (Gennadios et al. 1993) that when the isolate of soy protein is
subjected to an alkaline treatment, the oxygen permeability, tensile strength and
water vapor permeability remained unaffected, but appearance of the film was
improved by making it more uniform and clear and also reduction in the occurrence
of air bubbles along with break at the elongation. Various chemical agents like
aldehydes such as glutaraldehyde, formaldehyde or gloxal are used for the purpose
of protein’s covalent cross-linking.

Formaldehyde has extensive reaction specificity and is considered as the simplest
of cross-linking agents. It reacts with the side chains of tyrosine, cysteine, trypto-
phan, arginine and histidine in addition to amine group of lysine. Formaldehyde can
cross-link due to its property to react bi-functionally. It was seen that formaldehyde
was less specific than glutaraldehyde. Glutaraldehyde was able to react with cyste-
ine, tyrosine, lysine and histidine (Kim and Tae 1983). Lysine and arginine side
chain groups are involved in the protein cross-linking by glyoxal (Marquie 2001) at
alkaline pH. In general, there are two step processes taking place during the reaction
between protein and formaldehyde. There is the formation of methylol compounds
in the first step and formation of bridges of methylene which act as cross-links
between the various protein chains in the second step.

The usage of aldehydes and their various effects of cross-linking for the develop-
ment of glutenin-rich films were studied by Herndndez-Muifioz et al. (2004). The
water vapor permeability values decreased by around 30% when glutenin rich films
were incorporated by cross-linking agents like glutaraldehyde, glyoxal and formal-
dehyde. With help of formaldehyde and glutaraldehyde, the highest tensile strength
values were achieved. In addition, with the usage of cross-linking agents, the glass
transition temperature of cross-linked films was seen to shift from its original value.
Due to this reason glutaraldehyde and gossypol proved to be less efficient than
formaldehyde in cross-linking. While synthesizing biodegradable materials, the
tendency of it being toxic must be considered. There should be a permanent protein
network formed by cross-linking when any aldehyde is used. Also, the outcome of
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the aldehyde used during this process on the environment at the termination of the
material’s life should be considered.

The properties of sunflower protein isolate made thermo-molded films showed
various changes due to the effects of cross-linking agents which are found naturally
such as tannins and gallic acid. It was studied that higher mechanical properties were
resulted by the incorporation of gallic acid and tannins than for control films, but
were lower than the films obtained with aldehydes. Weak interactions can cause
these contrary to the covalent bonds as in the case of aldehydes (Orliac et al. (2002).

The mechanical properties of gelatin films were improved with the help of tannic
acid and ferulic acid, (Cao et al. 2007). It was seen that tannic and ferulic acid had an
effect of cross-linking on the gelatin film and therefore acted as natural cross-linking
agents. When the pH value of the film-forming solution was 9 for the tannic acid and
7 for ferulic acid, the gelatin-based films showed the maximum mechanical strength.
In addition, after the storage for more than 90 days, the properties of gelatin films
treated by tannic acid can become better; while the storage time had lesser effect on
ferulic acid-modified films.

Hydroxypropyl methylcellulose (HPMC) films are incorporated by preparing
nanoparticles of chitosan/tripolyphosphate (CS/TPP)). The film mechanical and
barrier properties were improved by the incorporation of nanoparticles of chitosan.
The HPMC had various empty spaces in its pores which tend to be occupied by the
chitosan nanoparticles, which thereby increases the collapse of the pores and thus
improve the film tensile properties and water vapor permeability. With the addition
of nanoparticles there is an increase in thermal stability. The study by de Moura et al.
(2009) investigated the use of CS-TPP nanoparticles to strengthen the HPMC films.
In the last decade, various research programs have concentrated their word on the
development of better edible coatings and films (Denavi et al. 2009; Sebti et al.
2007). Amongst these, chitosan and hydroxypropyl methylcellulose (HPMC) which
are polysaccharide polymers are closed studied upon (Herndndez Mufioz et al. 2008;
Perez et al. 2008; Dogan and McHugh 2007). To enhance the quality and shelf life of
food products of seafood, agriculture and poultry origin, the various applications of
chitosan were discussed in the study by No et al. (2007). However, when solubilized
into foods containing high water activity and a reduction in the resistance of these
films due to their hydrophilic nature, discourages their applications on an industrial
level (Bertuzzi et al. 2007). The amalgam of films with sucrose palmitate, HPMC
and sorbitanmonostearate was reported by Villalobos et al. (2006). With a help of a
hydrocolloidal to surfactant ratio, the permeability property of moisture for these
films was decreased. Syntheses of these films formulated with pectin and polypro-
pylene (PP) was found in a study by Elsabee et al. (2008). Chitosan can form various
complex compounds and this property was used to construct a firm multi-layered
form on the surface of the PP film, to form a film of increased antimicrobial
properties which are used to formulate materials for packing of crops after their
harvest. The method was quite successful in which specific polyanions were
ionically cross-linked with cationic chitosan. However, it had its complexity with
negatively charged polymers. Upon the contact with multivalent polyanions,
chitosan has the ability to rapidly form gel caused by the emergence of cross-
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linkages of inter- and intramolecular type which are arbitrated by these polyanions.
Tripolyphosphate is the most popular one among some polyanions that were studied.
This is due to its property to be non-toxic and ability to form gel relatively faster.
Some interesting features are being exhibited by the CS-TPP nano system which
makes them reliable transporters of macromolecules (Gan et al. 2005). Chitosan
tripolyphosphate infused hydroxypropyl MC films could be a used material for the
application of food packaging applications for the purpose of extension of the
storage life of food materials. There can be expansion in the usage of edible films
of biodegradable types by the application of nanocomposites (Lagarén et al. 2005;
Sinha Ray and Bousmina 2005; Sorrentino et al. 2007). Composites of polymer
which have low molecular weight and loadings are fortified due to the restriction of
chains within these nanocomposites by the restricted field present among the sheets
of the films (Orts et al. 2005; Usuki et al. 1995). Improvements in mechanical
properties and the decrease in gas and liquid permeability was resulted by the
combination of arrangement of nanoparticle or nanostructure, robust interactions
of the surface and chain confinement. The nanoparticles of CS and TPP were
formulated and infused into the HPMC films.

CS/TPP nanoparticles in hydroxypropyl methylcellulose edible films ameliorated
their barrier and mechanical properties. The thermal characteristics of the films were
modified by the nanoparticles in HPMC films (Du et al. 2008). Coatings of chitosan
on strawberries reduced the physical damage caused during processing, transporta-
tion and finally its storage. However, owing to the sturdy adhesive type density of
the energy index of carbohydrate and protein-based edible materials; they tend to
have less tensile strength. The flavor and appearance of the food product is also
enhanced by these appealing edible coatings. The fruits (such as apple, lemon and
oranges) have waxes on them which polishes the surface and gives a glossy
appearance. It also decreases the spoilage of a product which is caused by high
moisture content by acting as a moisture barrier for it (Lin and Zhao 2007).

In a recent research by (Ghanbarzadeh et al. 2011), the combination of the
individual effects of carboxymethyl cellulose and citric acid was used to ameliorate
the physical and resistive properties of corn starch-based edible films. The relation-
ship between the carboxyl group of CA and the hydroxyl group on the starch resulted
in multi-carboxylic structure. This interaction helps in improving its barrier to
moisture because of decreasing the free OH groups of starch. The CA concentration
was raised from 0 to 10% weight by weight and this significantly improved the
ultimate tensile strength (UTS) and water vapor barrier property (p < 0.05).

Carrot basically consists of substances made of cellulose, water, protein and
pectin (Bao and Chang 1994) and these earlier mentioned materials may help in
providing desirable properties to form biodegradable, renewable and economical
packaging films. In a study, gelatin, carboxymethyl cellulose (CMC) and starch were
added to carrot-based films which may help in improving their strength by creating a
synergistic effect. Gelatin that is derived from partial degradation of collagen is used
as edible films due to its biodegradability, myriad and excellent gelling properties
(Cao et al. 2007; Dangaran et al. 2009).
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18.3.3 Enzymatic Modifications

Amongst the various methods for improving the barrier properties and mechanical
strength of the edible films, one effective technique is using enzymatic methods for a
cross linking. Enzymes like polyphenol oxidase, transglutaminase, lysyl oxidase,
peroxidase and lipoxygenase have been used since a long time for the cross linking
of proteins. However, high molecular weight (MW) bio-polymers can be formed by
the action of an enzyme called transglutaminase. The transglutaminase enzyme
catalyzes the reactions of acyl transfer between the A-carboxyamide groups of
glutamine residues which is and acyl donor and e-amino groups of lysine residues
which is an acyl acceptor and results in emergence of inter and intramolecular cross-
linked proteins of e-(A-glutaminyl) lysine DeJong and Koppelman (2002).

Various sources of proteins for example gelatin, soy and casein proteins were
studied upon for polymerization using transglutaminase where various reactions in
the strength of the gel were dependent on the different sources of proteins and the
reaction (Sakamoto et al. 1994). The intensity and order of the gel of these proteins
influence their strength which helps the enzymes to produce the required cross-links.
The occurrence of hindrance to the physical cross-linkages by the new covalent
linkages depends on the formation of the triple helix and the process of renaturation
during the gel formation (Babin and Dickinson 2001). Films acquired from slightly
deamidated gluten had high chances of formation of covalent bonds by
transglutaminase Larre et al. (2000). The tensile strength of protein films is improved
by the cross-linkage of transglutaminase which decreases the solubility properties
and its elongation at break.

It is still undetermined that enzymatic modification by the use of cross-linking can
enhance and modify the film forming properties. The types of substrate proteins or
amount of enzyme used are the various processing parameters and factors on which
the enhancement in the edible films properties which are protein-based. The enzyme
concentration is also affected along with the improvement in the properties of edible
film. In a study on the properties of soy protein-based films, it was reported that the
hydrophobicity and tensile strength can be modified and improved with the usage of
transglutaminase (Tang and Jiang 2007).

18.4 Conclusions

The edible films have various advantages over synthetic ones as they can be used as
packaging films which are edible in nature. During these recent years edible films
have gained popularity due to their biodegradability and edibility. These films are
derived from various biopolymer sources such as protein, carbohydrates and lipids
and can be further modified using various physical, chemical and enzymatic
techniques. Some of these methods include casting, extrusion, irradiation etc. The
presence of unique structures is exhibited by proteins which favors the modification
and development of these films. The mechanical properties of such films are far
better than that of the fat and polysaccharide-based films. However, these edible
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packaging films when compared with synthetic polymers show poor water vapor
resistance and inferior quality of mechanical strength, therefore, limiting their food
packaging applications. The use of various physical, chemical and enzymatic
methods can be used to improve these properties of films. The properties of the
film that are formed by the application of the earlier mentioned methods depend on
the various types of conditions and modification undergone. The properties such as
water resistance and mechanical strength are efficiently increased by the help of
chemical and enzymatic modifications. Although, toxicity can be caused by the use
of aldehydes in chemical modifications of these films. This can cause huge matters of
concern in application of chemical modification. Therefore, these advancements in
modification as well as development of edible packaging films pose to be highly
effective and have promising future prospects to it.
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