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Abstract

Edible coatings and film are sustainable and environment friendly solutions and
possess the potential to replace the convention packaging material. In the past two
decades, a lot of advancement has been made in edible food packaging material.
Many researchers are working on improving the physicochemical properties of
edible packaging material. Various biochemical reactions and uncertain environ-
ment conditions are the major cause of the postharvest losses of horticulture
commodities. Edible film (EF) and edible coating (EC) can provide a tool for
preventing postharvest losses of fruits and vegetables. Horticulture commodities
greatly vary in their composition and requirements for their postharvest preserva-
tion; therefore, product-specific EF or EC is required for preservation and
preventing losses. These can be incorporated with bio-actives and other
ingredients, for example, antimicrobials, flavoring compounds, pigments,
nutrients, etc. The resulting film/coating not only acts as an effective barrier but
also enhances its functions. Edible packaging materials are effective in
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controlling growth of microbes, biochemical changes, preserving texture, and
sensory attributes of the fruits and vegetables, which ultimately results in
enhanced shelf-life and better acceptability by consumers. This review article
discusses various types of edible films and coating for fruits & vegetables, their
composition, functions, properties, and effects as well.

Keywords
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10.1 Introduction

India is one of the countries whose economy is dependent on agriculture. According
to the report published by the National Horticulture Board (NHB 2017) of India, of
the total horticulture produce, 90% is accounted for fruits and vegetables. In total
world’s fruits and vegetable production, India holds a second position and a leader in
the production of several horticulture crops. The production of horticulture crops has
been significantly increased from 1991-1992 to 2016-2017 and mainly fruits and
vegetable production increased from 2874 to 6480 MT and 5593-10,290 MT,
respectively. This enormous increase in the production also resulted in an increase
in post-harvest losses of horticulture crops (NHB 2017). These are highly perishable
commodities; all fruits and vegetables contain 65-95% water. The transpiration and
respiration rate affect the quality of the commodity. The high rate of water loss and
use up of stored food accelerates the decay process and the produce becomes
inedible. The main cause of physiological deteriorations is respiration, transpiration,
ripening, physical damage, diseases, and pests. Also, the external conditions such as
temperature and relative humidity affect the freshness of fruits and vegetables (FAO
1985; Baldwin 1994; Oms-Oliu et al. 2008b). Due to these reasons, a lot of care is
required after harvesting, transportation, and storage, otherwise produce becomes
unfit for consumption. Methods are required for a reduction in wastage for economi-
cal purposes also. There are several methods available to minimize the loss in
quality. To increase the safety and to minimize wastage of horticulture produce,
various processing operations and techniques such as drying, canning, packaging,
blanching, and other value addition methods are generally exercised. These
processing methods more or less result in the loss of vitamin C and other heat-
labile bioactives. The enrobing of polymeric material, for example, starch, proteins,
oils/fats, and herbal extracts, on fruits and vegetables surface also enhances shelf-life
by maintaining the organoleptic attributes. These films and coatings are treated as
packaging material that can be consumed along and easily biodegradable if not
consumed. It also provides preservation like an encapsulation of antioxidants,
antimicrobials, flavoring compounds, etc. (Seydim and Sarikus 2006). If the edible
films and coatings are applied in multilayer, this can constrain the metabolic
reactions by providing a gas barrier, degradation of nutritional content such as
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vitamin A, C, etc. (Brasil et al. 2012). The edible packaging materials have many
advantages, but it cannot be considered as an ideal packaging material due to some
limitations such as fruits and vegetables coated with edible packaging material
requires over coating of other packaging material for handling and hygienic purpose
(Debeaufort et al. 1998). This paper is focused upon the need for edible packaging
material, components, limitations, and regulatory issues related to edible films and
coatings.

10.2 Edible Films and Coatings

Edible packaging material can be defined as “a film, sheet, thin layer or coating
which is an integral part of a food and is eaten with it is termed as edible coating”
(Debeaufort et al. 1998). In other words, the edible packaging material is that which
is made of edible material formed into thin sheets, which is consumed, provides a
barrier to transfer phenomena (Du et al. 2011; Bourtoom 2008). Edible films and
coatings terms are often used synonymously but there exists a difference between
them. Edible film is independent, performing thin structures which are then wrapped
on the surface of fruits and vegetables may or may not be removable. On the other
hand, edible coating is packaging material that is formed directly on the surface and
consumed along (Debeaufort et al. 1998). Edible film is formed by spreading the
film-forming solution which is followed by drying and removal of solvent by
adopting the process of extrusion, co-extrusion, lamination which is only for multi-
layer coatings whereas edible coating methods involve spray fluidization, falling,
pan coating, spraying, dipping, brushing, etc. (Debeaufort et al. 1998; Kester and
Fennema 1986; Cuq et al. 1995; Falguera et al. 2011). For the structural matrix of
edible films and coatings, polymers like polysaccharides, proteins, lipids, and
composites are preferred (Falguera et al. 2011; Bourtoom 2008; Cuq et al. 1995;
Gennadios et al. 1993). Plasticizers are also added to improve the properties of film
formation. Edible films and coatings can be obtained via two processes such as wet
or dry methods (Guilbert et al. 1997). In a dry process, the polymeric material is
being heated above their melting points which make material to start flow by the
process of molten casting, extrusion, heat processing (Gennadios et al. 1993). It does
not involve the use of solvent but requires the knowledge of thermoplastic properties
of material for film formation. Wet film formation involves the dispersion of film-
forming solution in solvent which is sprayed, spread, or dipped followed by drying
for removal of solvent (Cuq et al. 1995; Kester and Fennema 1986). The solvent for
film formation should be food grades like water, ethanol, biodegradables, etc. For
homogenous film structure, various factors are responsible such as pH, temperature,
relative humidity, drying conditions, solvent used, solubility of solvent concentra-
tion, matrix, thermo-plasticity of polymer such as phase transition temperature, glass
transition, gelatinization temperature, hydrophilic properties such as surface tension,
viscosity, solid surface energy (Cuq et al. 1995; Guilbert et al. 1997; Kester and
Fennema 1986). The chemistry of film formation is not yet well explained. Film-
forming solution gelatinizes to form a rigid structure as a result of solvent removal
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Table 10.1 Functions of edible film and coatings

Selective properties Active properties

* Barrier to gases (oxygen, * Encapsulation or carriage of flavorings,
carbon dioxide, and nitrogen) antimicrobials, antioxidants, pigments, and other

¢ Light (UV) additives

* Organic vapors (aroma * Enhancement of mechanical and optical properties
compounds and solvents) * Individual protection of small pieces of food

*  Water vapor (Separation of food by individual portion, soluble

* Solutes (salts, lipids, additives, | package for pre-dosed food ingredients or additives)
pigments)

Source: Debeaufort et al. (1998)

supported by interactions like covalent, electrostatic, and ionic form (Gennadios
et al. 1993). There is a phase transition from the polymer in water or solvent to water
in polymer (Kester and Fennema 1986). Edible films and coatings provide elective
and active properties which are summarized in Table 10.1.

10.3 Development of Edible Film and Coatings

The terminology of edible films and coatings may be new but the concept is not new.
These have been used for so long without having the knowledge of its chemistry.
Even edible films were used to write instructions that if they get caught, can be easily
destroyed by eating. In Japan, the first-ever commercial edible film named “Yuba”
made with the skin of boiled soy milk was used since the fifteenth century
(Gennadios et al. 1993). Edible films and coatings were used for fruits and
vegetables since ages to protect them from the moisture loss. The first use of fruits
and vegetables was seen in China in the twelfth century for citrus fruits (Guilbert
et al. 1997). Citrus fruits were kept inside the boxes and wax was poured on that
(Hardenburg 1967; Embuscado and Huber 2009). Later on, wax coatings were used
to add shine and prevent moisture loss from the surface (Baldwin 1994). Even since
the 1930s, wax emulsion and oil in water were also coated on the surfaces of fruits
and vegetables to improve appearance and preservation (Debeaufort et al. 1998). In
Europe, larding was used to preserve fruits and vegetables (Embuscado and Huber
2009).

Edible films and coatings were used for various foods other than fruits and
vegetables since ages but an edible coating finds more of an application than edible
films. To prevent the shrinkages in meat and cheese larding (animal fat), coatings
were used (Kester and Fennema 1986; Debeaufort et al. 1998). Candies coated with
zein (corn protein), nuts coated with sugar were most common (Krochta and Mulder-
Johnston 1997). Cellulose coatings are used in the bakery, confectionary, and meat
industry. Meat was coated with the edible film made with gelatin (Embuscado and
Huber 2009). Other than the food industry, edible films and coatings find application
in the pharmaceutical industry also such as sugar and gelatin coatings on pills and
soft capsules, respectively (Gennadios et al. 1993; Krochta and Mulder-Johnston
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1997). Sausage casings are made of collagen. Edible films and coatings are gaining
importance day by day and find its excellent potential in food processing.

10.4 Need for Edible Packaging Material for Fruits
and Vegetables

There are enormous numbers of reasons which trigger the use of edible packaging
material. The primary reason is that packaging material that is being used to date are
petroleum-, metal-, or paper-based manufactured using nonrenewable sources.
These take thousands of years to decompose resulting in an increase of
non-biodegradable waste. According to a report prepared on plastic industry by
FICCI (2014), out of the total plastic generation, 43% is used /consumed for
manufacturing of packaging material for food materials which makes a significant
part of the total. In the food processing industry, the consumption of plastic as
packaging material is in different forms. For instance, 33% is used in polyethylene
form, 29% as polypropylene (FICCI 2014). This industry is expected to grow at
higher rates due to increased income of consumers, change in their eating habits, and
inclination toward the consumption of the packaged product. An alternative to this
plastic waste generation is recycling, but it is also a high cost and energy demanding
process which includes cost of transportation and disposal. According to a report by
USEPA (2015), the use of edible packaging material can result in the following:

* Reduce cost of waste disposal.
¢ Save money of recycling.

¢ Reduce environmental impacts.
* Reduce health-related issues.

For fruits and vegetables, there are various reasons as they undergo several
changes post-harvest. The primary reason is the physiological changes. After the
harvesting of fruits and vegetables, physiological processes continue to occur but in
a different manner. Once produce is harvested, fruits and vegetables have no source
to obtain nutrients so draw nutrients from reserves. These results in the aging process
and slowly fruits and vegetables decay, that is, become unacceptable for consump-
tion (FAO 1985). The two major physiological processes are respiration and transpi-
ration (water loss) (Baldwin 1994). These changes also cause a decrease in nutrition
content of these commodities such as dry matter content as reserves are used
continuously and vitamin C content also decreases with time.

During respiration, the plant takes up the oxygen and releases carbon dioxide. It is
one of the necessary reactions in plants, in which oxygen breaks down the
carbohydrates into carbon dioxide, water, and energy, that is, heat which is in a
continuous process in the plant, but after harvesting continues on the account of the
reserves. Once this reserve ends, fruits and vegetables die (Baldwin 1994; FAO
1985). Air movement while storing the product is necessary to remove heat from
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respiration. When the produce is kept in poor ventilation, carbon dioxide accumula-
tion leads to quick deterioration in the quality (FAO 1985).

Before harvesting, the plant continues to replace water that is lost through
transpiration to take water from the soil, but once produce is harvested, there is
continuous loss of water. Fruits and vegetables shrink, and loss of weight occurs.
The crucial factor that affects the rate of water loss is the ratio of surface area to the
volume of produce. The type of produce is another important factor that affects the
rate at which water is lost, for example, the presence of waxy skin with large number
of pores in green leafy vegetables is the main cause of rapid loss of water. In contrast,
the rate of water loss is gradual in potatoes because of thick corky skin with less
pores (FAO 1985; Baldwin 1994).

Fruits and vegetables are basically of two kinds. One is climacteric which ripens
after being detached from the parent plant and other are non-climacteric which ripens
only when attached to the parent plant. Fruits and vegetables continue to ripen after
harvest which is followed by senescence which degrades the quality. During ripen-
ing, ethylene gas is produced which is triggered by consumption of sugars. In
climacteric fruits, the produce is harvested before ripening (green stage) and then
transported to remote locations. But once fruits and vegetables become fully mature,
ethylene production continues which deteriorates quality. Any injury during trans-
portation, handling, or because of attack by parasites increases the production rate of
ethylene (Baldwin 1994; Oms-Oliu et al. 2008a, b; FAO 1985). In earlier times,
people used to grow fruits and vegetables for their own needs and can be consumed
fresh. But in the last few decades, fruits and vegetables are being transported and
stored. To cover this whole food supply chain, it takes a considerable amount of time
to reach the final consumer. During this time period, commodities can lose their
color, appearance which reduces its aesthetic value (Embuscado and Huber 2009).
Edible packaging can be one of the solutions to the entire above-mentioned problem.

10.5 Components and Composition of Edible Film and Coating

Like other packaging materials, polymers are also the basic material for formation of
edible films and coatings. The major polymeric contributing materials are
polysaccharides, protein, lipids, and resins shown in Table 10.2 (Falguera et al.
2011; Bourtoom 2008; Cugq et al. 1995; Gennadios et al. 1993). It is not necessary
that the edible film will be based upon polymer only. Waxes and resins with or
without addition of polymers are used to develop bilayer or composite films and
coatings (Baldwin 1994).

Plasticizers are added to film-forming solution as a component. Plasticizers can
be defined as the agents that are low in molecular weight which when added to the
film-forming solutions decrease its glass transition temperature (Gennadios et al.
1993). They are basically of two types one which interrupts the polymer-polymer
bonding to keep them farther and itself interacts with polymer by forming hydrogen
bonds. It interacts with water molecules and results in bigger hydrodynamic radius
and high moisture content (Sothornvit and Krochta, 2001). There are various factors
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Table 10.2 Components of edible film and coatings

Components Material

Basic Polysaccharides: Starch (maize, cassava), modified starch, modified cellulose
material (CMC, MC, HPC, HPMC, ethyl cellulose), alginates (sodium alginate), pectin,
carrageenan, pullulan, chitosan, galactomonnas, gums such as gellan, xanthan,
guar, locust, etc.
Proteins: Soy proteins, pea proteins, rice proteins, pea proteins, gluten, casein,
whey proteins, collagen, etc.
Lipids (waxes and resins): Rice bran wax, candelilla wax, shellac, paraffin
wax, terpene, acetoglycerides, etc.

Plasticizers Glycerin, propylene glycol, sorbitol, sucrose, polyethylene glycol, corn syrup,
water

Active Antioxidants, antimicrobials, nutrients, anti-browning agents, flavorings,

ingredient pigments, bacteriocins (nicin or pediocin or netamycin)

Other Emulsifying agents such as lecithin, Tweens, and Spans; lipid emulsions such as

additives edible waxes and fatty acids; crosslinkers such as calcium chloride

that affect the plasticizer’s action such as size, shape, number of oxygen atoms, and
efficiency of plasticizer (Sothornvit and Krochta 2001). Plasticizers work by break-
ing the polymer-polymer interaction increases the distance between the polymers
and rather forms bonds with the polymer. Thus, resulting in increase in the mobility
of polymer, decrease in crystalline region to amorphous especially in the case of
polysaccharide, protein films, decrease in gelatinization temperature, increase in
mechanical properties and resistance to vapor or gases. Water also works as a
plasticizer, but it dehydrates at low humidity, add plasticizer with hydrophilic
properties. In charged molecules, repulsive forces whereas between the same
charged molecules, polar and non-polar molecules also provide plasticization effect
by increasing the distance (Gennadios et al. 1993).

Selection and use of polymers in producing edible packaging material is often
decided by studying tensile properties. These properties are accomplished by drying
the produced film or coating on flat surfaces or glass. In case of fruits and vegetables,
water barrier efficiency and oxygen barrier are required. Prior is necessary to prevent
the surface dehydration and latter to prevent the ripening of fresh fruits and
vegetables. There are some safety and health issues associated with the selection
of polymer material. These are generally regarded as safe (GRAS), shelf-life, light
processing, respiration, transpiration, controlled atmospheric pressure (CAP) and
modified atmospheric pressure (MAP), allergenicity (Attila et al. 2009). Materials
which have been selected for the formation of edible films and coatings should have
a GRAS status as material will be in direct contact with the food material. The
selection of polymers should solely be not on the basis of GRAS as there are also
other factors to consider. The polymers selected for formation of edible packaging
material should have shelf-life compatible with fruits and vegetables. According to
Attila, the edible material should have at least shelf-life of 2 weeks during which
fruits and vegetables can go through the whole supply chain and still should be in the
condition that can be consumed by the consumer. Edible material also should have
some durability to light processing (Attila et al. 2009). Light processing includes a
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variety of processes that are used for fruits and vegetables to convert them in edible
form without much change in their original quality (Shewfelt 1987). During the light
processing, certain changes occur such as the tissues get disrupted which creates
many membrane-related problems and eventually become perishable in nature. The
polymer can be subjected to light processing without undergoing any change in itself
and also in fruits and vegetables. As mentioned earlier, fruits and vegetables undergo
various reactions after harvesting. These reactions result in loss of texture which is
undesirable by the consumers. Thus, decreases the value in the market so polymer
should be such that it can prevent these kinds of reactions after harvesting. Temper-
ature is one of the major factors which affect the quality during transportation as
fruits and vegetables are exposed to temperature abuse so, as a result, they are
packaged in modified atmosphere packaging (MAP) or controlled atmospheric
storage (CAS). But during the temperature fluctuations, the water condensates on
the surface and causes spoilage. An edible film or coating should not impart any taste
to fruits and vegetables should not be detectable upon consumption, that is, good
sensory characteristic. It should provide good barrier properties like gases and water
vapor, confers mechanical stability which may be able to withstand pressure and
prevent mechanical injury during transporting and handling. Polymeric material
should have enough biochemical, physicochemical, and microbial stability. It should
not degrade with passage of time and produce substances that are harmful upon
consumption for humans. Ideal edible films and coatings are that which fulfill all the
functions performed by packaging material but cost is also an important criterion.
The raw material and process required for producing such types of packaging
material should be less. Moreover, it should require simple technology for produc-
tion (Debeaufort et al. 1998).

10.5.1 Polysaccharides

Different types of polysaccharides such as starch, non-starch carbohydrates such as
cellulose, pectin derivatives, chitosan, etc., gums, and fibers (Han 2014; Bourtoom
2008; Xiao et al. 2011) which are used for edible films and coatings. Major
polysaccharides are neutral in nature while some of the gums are positively charged
with the exception of negative charge (Han 2014). Neutral carbohydrates have
hydroxyl or hydrophilic moieties on the surface in large numbers which is useful
in film formation. The presence of hydrophilic moieties on polysaccharides
structures confers poor water vapor barrier properties (Kester and Fennema 1986;
Brasil et al. 2012; Vasconez et al. 2009). Alginate- and gellan-based coating when
coated upon papaya showed poor water vapor barrier (Tapia et al. 2007). Even the
addition of sunflower oil did not show significant difference in water vapor pressure.
But due to this hydrophilic nature, polysaccharide-based coatings can be used to
prevent the moisture loss from the surface of fruits and vegetables (Kester and
Fennema 1986). This prevents the texture loss which is also desirable. In one of
the studies used the polysaccharides such as alginate-, pectin-, and gellan-based
edible film was formed to coat the fresh-cut melon (Oms-Oliu et al. 2008a, b). The
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film was investigated for the gas exchange, antioxidant properties, color, firmness,
sensory quality, and microbial quality for 15 days at 4 °C. The film showed the
increased water vapor resistance which prevents the dehydration of cut melon pieces.
Polysaccharides such as alginate- and gellan-based edible coatings were formed to
coat the fresh-cut pieces of fuji apples and effect on shelf-life was studied (Rojas-
Graii et al. 2008). Then, alginate- and gellan-based film wrapped on cut fuji apples
were evaluated for changes in headspace gas composition, color changes, firmness,
and microbiological quality which was stored for 23 days at 4 °C. It was found that
edible coating was able to effectively prolong the shelf-life of cut fuji apples by
2 weeks. In the same study, the significant reduction in the mesophilic and psychro-
philic microorganisms was also observed.

Closed tightly packed and hydrogen bonding in polysaccharides confers good gas
barrier properties to edible films (Yang and Paulson 2000). These are able to modify
gas atmosphere in fruits that delay the ripening (Baldwin 1994). Gas, especially the
oxygen barrier property is highly dependent on the relative humidity. More the
relative humidity, the more the mobility, the more the mass transfer across the film
due to plasticizing effect (Bonilla et al. 2012). As if the humidity is high, it causes the
swelling in polysaccharide matrix which in result increases the permeability and
diffusivity across the film (Kumins 1965). Polysaccharide-based edible films also
provide other additional functions such as it minimizes the browning when
incorporated with anti-browning agents and also the textural changes (Rojas-Graii
et al. 2008). The different polysaccharide materials used for fruits and vegetables are
summarized and shown in Table 10.3.

10.5.2 Proteins

Proteins are generally used for formation of edible films and coatings. Different
types of proteins which are used for formation can either be plant proteins or animal
proteins. Animal proteins include casein protein, whey protein, meat proteins such as
gelatin, feather keratin whereas plant protein includes wheat, soy, corn proteins,
mung beans proteins, and peanut proteins (Gennadios et al. 1993; Bourtoom 2008).
A protein generally in their native state exists as fibrous and globular proteins. Out of
both the types of fibrous proteins are insoluble in water whereas globular proteins are
soluble in water (Scope 1994). During edible film formation, fibrous proteins due to
their fully extended structure these proteins can associate them in parallel. This
association is through bonds such as hydrogen, ionic, hydrophobic, and covalent
bonding. On the other hand, globular proteins form spherical structures held by
bonds such as hydrogen, ionic, hydrophobic, and covalent, that is, disulfide bonds
which are undesirable for edible film formation (Scope 1994). Proteins have unique
characteristics such as their conformational denaturation, electrostatic charges, and
amphiphilic nature (Han 2014). So, proteins primary, secondary, and tertiary struc-
ture can be treated with acids, alkalis, metal ions, salts, chemical hydrolysis,
enzymatic treatment, heat denaturation, pressure, irradiation, mechanical treatment,
and chemical crosslinking to bring about the desirable changes which are required
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Table 10.3 Polysaccharide-based films for fruits and vegetables

Polysaccharide

Cashew gum (20 g/
100 mL water)

Chitosan coating (0.2 g/
mL)

Calcium-alginate coating
(sodium alginate 4%,
CaCl, 5%)

Pectin (1%, 1 g/33.33 mL
water, 15 g/500 mLwater)

Carrageenan (0.2-0.8%,
w/v)

Alginate (1-5%)

Basil-seed gum (5%)
Coatings

Sucrose-based polymer
(0.1-1%)

Fruit/vegetable
Mango

Fresh-cut papayas

Fresh-cut carrot

Mellon, peach,
mango

Papaya

Button
mushroom,
mango, cherry,
persimmon fresh-
cut apples, fresh-
cut melon, fresh-
cut mango

Fresh-cut apricots

Mandarin

Properties/functions

¢ Decreases weight
loss, Prevent the change in
TSS and pH

¢ Reduce deteriorative
process, maintains quality

* Enhances shelf-life

* Prevent microbial
growth, preserve sensory
qualities

¢ Enhance shelf-life
Improves fruit sensory
acceptance

*  Promote the
reduction of product
respiration rate

* Maintenance color
characteristics

¢ Pectin edible film
formulated with cinnamon
leaf oil decreases bacterial
growth, increases
antioxidants status

* Reduces rate of
texture softening,
increases shelf-life

* Delays ripening,
extends shelf-life

* Good gas barrier
property, poor water
barrier property

» Effective in
maintaining firmness of
mushroom

» Effective in delaying
browning, preserve color,
and sensory qualities,
control microbial growth,
higher elasticity

¢ Enhances shelf-life,
control microbial growth

¢ Increase
concentration of soluble
solids, Vit. C content,
sugar content, and
carotenoids

N. Panchal et al.

Reference

Souza et al.
(2010)

Gonzalez-Aguilar
et al. (2009)

Costa et al.
(2012)

Ferrari et al.
(2013), Ayala-
Zavala et al.
(2013)

Hamzah et al.
(2013)

Jiang et al.
(2013), Robles-
Séanchez et al.
(2013), Diaz-
Mula et al.
(2012), Neves

et al. (2012),
Chiabrando and
Giacalone (2014),
Raybaudi-
Massilia et al.
(2008), Salinas-
Roca et al. (2016)
Hashemi et al.
(2017)

Tao et al. (2012)

(continued)
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Table 10.3 (continued)

Polysaccharide

Gelatin (5%)

Aloe vera gel (5%, 15%,
50%, 100%)

Fruit/vegetable

Persimmon

Fresh-cut apple,
kiwifruit,
pomegranate arils

Properties/functions

*  Surges catalase,
peroxidase, and
superoxidase dismutase
activities

* Reduces decay rate,
TA and polyphenol
oxidase activity

* Good gas barrier,
good for preserving flavor,
affects the appearance

¢ Reduces
deterioration and
respiration rate

201

Reference

Neves et al.
(2012)

Song et al.
(2013), Benitez
et al. (2013),

Martinez-Romero
et al. (2013)

¢ Reduces microbial
load, good sensory
attributes

* Delays browning

Brussels sprouts * No change in the
contents of ascorbic acid
and total flavonoids

* Increases the
radical-scavenging
activity

* No reduction in
nutritional quality

Maize starch (20 g/L) Vina et al. (2007)

for edible films and coatings formation (Han 2014). Globular protein structure can be
subjected to any of the above-mentioned treatments to get more of the extended
structures that are required for edible film formation. More the number of extended
structures is more the number of interactions. As a result of interactions, the edible
films and coatings forms are stronger. But at the same time, these are less flexible,
less permeable to gases, water vapors, and liquids (Kester and Fennema 1986).

On the surface of some proteins, there are some groups that are bonded to
polymers via hydrogen bonding or ionic bonds, the edible films or coating forms
are susceptible to moisture but barrier to oxygen. So, the edible films or coatings
based on proteins provide a barrier to oxygen at low humidity (Bourtoom 2008).
Edible films and coatings based on protein show high water vapor permeability due
to their hydrophilic nature which is not desirable in fruits and vegetables. Film
formed with high concentration of gelatin showed high water vapor permeability
(Fakhoury et al. 2012; Jongjareonrak et al. 2006). Similarly, edible film formed with
cornstarch and gelatin plasticized with glycerol, with increase in gelatin amount had
increased water vapor permeability but less opacity (Fakhouri et al. 2015). The
different protein materials used for coating of fruits and vegetables are summarized
and shown in Table 10.4.
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10.5.3 Lipids and Resins

Lipids and resins used for producing edible packaging materials are waxes and
paraffin, acetoglycerides, and shellac resins (Bourtoom 2008). Edible film made
with waxes to coat fruits and vegetables has been used since long. Polysaccharides
and proteins are polymers, but lipids and resins are not polymers. But lipids and
resins are edible, biodegradable, and cohesive biomaterials which make lipid a
suitable material for film formation (Han 2014). Lipids and resins have the property
to be semisolid at room temperature which is undesirable for formation of edible
films and coatings formation. Along with this property, lipids and resins also have
the property of characteristic phase transition temperature. Due to this property of
phase transition, lipids and resins can be modified into any shape (Han 2014). The
transition in lipids and resins can be brought about by subjecting them to heat
treatment which causes the change in transition between solid, semisolid, and liquid
state. Lipids are hydrophobic in nature hence, the film or coatings made are high in
water resistance and low in surface energy (Han 2014). Film or coating blocks the
transport of water due to low polarity. Due to this moisture barrier property, these
films are also able to reduce weight loss of fruits and vegetables due to desiccation
(Krochta and Mulder-Johnston 1997). The migration of water across the film
depends on various factors such as length of chain, degree of unsaturation, and
number of acyl groups. Length of hydrocarbon chain is in direct relation with water
migration whereas rest other factors are in inverse relation (Krochta and Mulder-
Johnston 1997; Coma et al. 2001). One of the disadvantages associated with the
edible films and coatings made with lipids and resins is that they are brittle and thick
(Bourtoom 2008).

This disadvantage can be overcome by making them in association with other
polymers such as association of lipid film with polysaccharides results in formation
of film with increased mechanical strength (Bourtoom 2008). Similarly, this can be
associated with other polymers which can result in desirable properties required for
film formation. Other issues related to fatty acid-based edible films its vulnerability
to oxidation and sensory issues (Brody et al. 2001). Lipid-based edible films are able
to provide selective barriers to gases. More is the length of hydrocarbon more the
oxygen permeability across the membrane. Unsaturation and permeability of oxygen
show inverse relation (Krochta and Mulder-Johnston 1997). Lipids being the water-
insoluble, the water-soluble pigments of fruits and vegetables will not migrate to the
membrane and will retain with fruits and vegetables. The different lipids and resins
used for coating of edible films and coatings are summarized and shown in
Table 10.5.

10.5.4 Composites
Sometimes above discussed polymers, lipids, and resins are not effective in preserv-

ing the quality of fruits and vegetables by themselves. So, these are made effective
by using them in combination. These combinations can be protein-carbohydrate,
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Table 10.5 Lipid- and resin-based edible films and coatings for fruits and vegetables

Lipids/ Method of | Fruits/ Properties/
resin film | Composition application | vegetables | functions References
Beeswax - By Sweet * Improved Bustan and
emulsion emitting pepper, peal resistance to | Lahav et al.
mango, penetration. (Bustan and
avocado e Improved Lahav 2012)
sensory firmness.
* Reduced
rate of decay.
Wax and Mustard oil Dipping Lime * Coconut oil | Bisen et al.
various (100%) or was most (2012)
oils coconut oil effective in
(100%) or preserving
castor oil quality.
(100%) or e Acceptable
sesamum oil sensory and
(100%) or optical
liquid paraffin properties.
wax (100%) * No
incidence of
molds & their
growth up to
18 days of
storage.
Carnauba | Commercial Manually Tomato e Preserves Davila-Avina
and carnauba applied freshness without | et al. (Davila-
mineral Stafresh using any adverse Avifia et al.
oil 2505™ ArtexMR effect on 2014)
coatings (SF 2505) and | brushes nutrients.

mineral oil
Stafresh 151™
(SF 151)

protein-lipid, or carbohydrate-lipid (Bourtoom 2008). As far as the structure of
composite film is concerned, it can be bilayer or conglomerate. In bilayer, there is
one layer above another. On the other hand, conglomerate is a mixture of several
layers in one layer. Conglomerate can be further classified into components distinct
and components intermixing. In component distinct conglomerate composites, all
the components are distinctly visible whereas in components intermixing conglom-
erate composites not all the components are distinctly visible shown in Fig. 10.1.
Combination of different films for formation of edible films and coatings results
in enhanced properties such as mechanical and permeability property of edible film.
For instance, polysaccharide-based edible film alone cannot provide good water
vapor properties (WVP) due to its hydrophilic nature but addition of lipid can
produce a film with water vapor barrier properties and also high gas permeability
specifically at high RH (Coma et al. 2001). An edible film based upon
hydroxypropyl methylcellulose (HPMC), a polysaccharide was formulated with
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(One layer is deposited over one another)

(Components distinctly visible)

(Components not distinctly visible)

Conglomerate

Fig. 10.1 Types of composite edible film and coatings

the incorporation of stearic acid known as fatty acid showed high water vapor barrier
properties (Coma et al. 2001). One more o-nanoparticles ionic gelation was
formulated (Medina et al. 2019). The prepared film was applied to blueberries and
tomatoes as an internal coating to PET. Quinoa does not possess good film property
whereas chitosan films do not have good mechanical property and have antibacterial
property. Film formed with both results in the hydrophilic interaction as H- bonding
also reported by Abugoch et al. (2011) as FTIR peak between quinoa and chitosan.
Moreover, film showed high antibacterial against Botrytis cinerea. The interaction
between these two gives synergistic effects. The anionic sulfide group of chitosan
interacts ionically with protonated amino group of the chitosan which results in the
production of film with completely new mechanical, barrier, elongation, and adhe-
sive properties even without the addition of plasticizer (Abugoch et al. 2011).
Composite edible film produced with rapeseed protein hydrolysate and chitosan
results in the increase of o helix structure between 15.4% and 25% as addition of
chitosan causes conformational changes in protein. This change affects the
properties of film in a positive manner, that is, the tensile strength of film increased
from 16.04 to 23.46 MPa. Moreover, the hydrolysis of protein results in the
production of smaller proteins which increases the interaction of the protein with
chitosan (Zhang et al. 2019). It is not necessary the edible film can only be produced
with above-mentioned combinations. Piccirilli et al. (2019) formulated a film with
the combination of whey protein concentrate (WPC) and liquid smoke (LS). WPC
film showed high UV barrier properties in the range of 200—400 nm, but the addition
of LS increases the range up to 400 nm which is highly desirable in the case of fruits
and vegetables with light sensitive components. The increased range for UV light
barrier is attributed to the presence of phenolic and carbonyl groups in LS (Piccirilli
et al. 2019). Transparency is also one of the important characteristics of the edible
film for consumer acceptance. The solvent used for preparation has an effect on the
film formation (Tsai and Weng 2019). Whey protein and zein edible film when
prepared with deionized water showed more transparency as compared to when
prepared with ethanol. But sometimes this combination works less. For instance,
carboxymethylcellulose film in combination with soy protein showed even poorer
water barrier properties due to their hydrophilic nature (Baldwin et al. 1996). Hence,
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composite edible films and coatings can be better for fruits and vegetables because
these can serve multipurpose. Dhumal et al. (2019) developed triphasic film, that is,
composite film of chitosan, guar gum, and whey protein isolate with the addition of
different antimicrobial essential oils such as eugenol, carvacrol, and citral. The
addition of essential oils resulted in the reduction of the tensile strength due to
their lipophilic nature which is not required for fruits and vegetables packaging. On
the other hand, WPI composite film developed with the addition of rapeseed oil
resulted in more oxygen and carbon dioxide permeability which is a desirable
characteristic for fruits and vegetables as they respire after harvesting (Galus and
Kadziniska 2019). The different composite materials used for coating of fruits and
vegetables are summarized and shown in Table 10.6.

10.6 Regulatory Aspect of Edible Films and Coatings

Regarding the regulatory aspect of edible films and coatings, there is not much
information available. As these are consumed along with the food product, the
requirement should be that are being followed for the food products. Even the
component in Table 1 used for forming film solution should be safe to consume
and does not cause any health hazard to consumers. These should hold GRAS which
is generally regarded as safe and have status as this will be in direct contact with the
food material. Polymer used should be approved by FDA and if the polymer has not
been approved by FDA, then the manufacturer of edible film and coating can file the
petition for approval of material. Attila et al. (2009) stated that, “there are three types
of GRAS designations. (1) Self — affirmed, where the manufacturer has carried out
necessary work and is ready to defend GRAS status if challenged, (2) FDA pending,
where results of research have been submitted to FDA for approval, (3) No
comment — which is the response of FDA if after review, it has no challenges.”

According to Debeaufort et al. (1998), edible films and coatings can be classified
as foods or food ingredients. If this is applied on any food product, then there should
be proper labelling containing the information about the ingredients used for func-
tional ingredients also and any allergic compounds (Gennadios et al. 1997; Falguera
etal. 2011). Since, there is some migration of chemicals from the packaging material
to the food product. There is a need to set the overall migration limits (OMLs) and
specific migration limits (SMLs) (Falguera et al. 2011). However, Food Safety and
Standards Authority of India (FSSAI 2019) has recommended maximum permissi-
ble limit of food additives for coating the surface of fresh fruits and vegetables. There
are various food additives (beeswax, candelilla wax, carnauba wax, glycerol ester of
wood rosin, iron oxide, microcrystalline wax, ortho-phenylphenol, sodium ortho-
phenylphenol, polyethylene glycol, polyvinylpyrrolidone, sulfites, shellac, bleached,
sucroglycerides, beeswax, lauric arginate ethyl ester, phosphates, shellac) enlisted by
FSSAI under Food Safety and Standard Regulation 2011 (Food Products Standards
and Food Additives) (FSSAI 2019). The permissible limit of all food additives is
well mentioned in Table 10.7.
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Table 10.7 Recommend limits of food additives for surface treatment of fresh fruit (As per
FSSAL 2019)

Food category name Food additive INS No | Max. recommended level
Surface-treated fresh fruit” Beeswax 901 Good manufacturing
practice
Candelilla wax 902 Good manufacturing
practice
Carnauba wax 903 Good manufacturing
practice
Glycerol ester of 445(@ii) | 110 mg/kg
wood rosin
Iron oxide 1000 mg/kg
Microcrystalline wax | 905¢(i) | 50 mg/kg
ortho-Phenylphenol 231 12 mg/kg
Sodium ortho- 232 12 mg/kg
phenylphenol
Polyethylene glycol 1521 Good manufacturing
practice
Polyvinylpyrrolidone | 1201 Good manufacturing
practice
Sulfites 30 mg/kg
Shellac, bleached 904 Good manufacturing
practice
Sucroglycerides 474 Good manufacturing
practice
Surface-treated fresh Beeswax 901 Good manufacturing
vegetables (including practice
mushrooms and fungi, roots Candelilla wax 902 Good manufacturing
and tubers, fresh pulses and practice
legumes, and aloe vera) sea Carnauba wax 903 Good manufacturing
weeds, nuts and seeds practice
Glycerol ester of 445(ii) | 110 mg/kg
wood rosin
Lauric arginate ethyl | 243 200 mg/kg
ester
Microcrystalline wax | 905¢(i) | 50 mg/kg
Phosphates 1760 mg/kg
Shellac, bleached 904 Good manufacturing
practice

4As per FSSAI (2019), surface-treated fresh fruit defined as “the surfaces of certain fresh fruit are
coated with glazes or waxes or are treated with other food additives that act as protective coatings
and/or help to preserve the freshness and quality of the fruit. Examples include apples, oranges,
dates, and longans, etc.”
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10.7 Concluding Remarks

Edible films and coatings can serve as a potential packaging material for the whole
fruits and vegetables as well as for the cut. These can perform almost all the
functions that a packaging material can perform. Along with the basic functions of
packaging material, it can perform other functions too. These can be formulated with
the incorporation of various active ingredients for example antimicrobials,
antioxidants, etc. Furthermore, research is required in this field as these are solely
not able to protect fruits and vegetables due to their mechanical stability issues.
Moreover, edible packaging material based on proteins has potential to cause allergic
reactions to the person’s vulnerable to allergens. This should be studied before or
must be labeled properly for consumer’s sake. Edible packaging materials can only
be considered as a primary packaging material. Edible films give poor heat
sealability which requires more research in this concern. Another limitation
associated with the use is their adhesion to surface. This can be overcome by either
multilayer electrodeposition which involves layer by layer coating. Some issues are
there in commercialization because of the requirement of whole new machinery, new
processes which will add cost on the manufacturer’s part. Consumer acceptance is
also necessary as they are somewhat reluctant in accepting the new product. How-
ever, edible films and coatings have enormous potential to substitute the existing
packaging material.
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