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Il Summary

The incorporation of natural antioxidants into films and edible coatings
can modify their structure, improving their functionality and applicability in foods,
such as in fresh-cut fruits. This paper reviews the more recent literature on the
incorporation of antioxidants from several sources into films and edible coatings,
for application in fruits and vegetables. The use of synthetic antioxidants in foods
has been avoided due to their possible toxic effects. Instead, a wide range of
natural antioxidants (such as essential oils and plant extracts, as well as pure
compounds, like ascorbic acid and a-tocopherol) have been incorporated into
edible films and coatings to improve their bioactive properties. Films and coatings
containing added antioxidants help to preserve or enhance the sensory properties
of foods and add value to the food products by increasing their shelf life.

Key words: Bioactive compounds, Natural additives,; Functionality;, Essential
oil; Extracts.

Il Resumo

Aincorporacao de antioxidantes naturais em filmes e coberturas comestiveis
pode modificar sua estrutura, melhorando sua funcionalidade e aplicagdo em
alimentos, tais como as frutas. Este artigo apresenta uma reviséo da literatura
mais recente sobre a incorporagdo de antioxidantes, de diversas fontes, em
filmes e coberturas comestiveis aplicados em frutas e vegetais. A utilizacéo de
antioxidantes sintéticos em alimentos tem sido evitada em razédo do seu possivel
efeito toxico. Assim, inUmeras categorias de antioxidantes naturais — tais como
Oleos essenciais, extratos de plantas e compostos puros, como acido ascorbico e
a-tocoferol - tém sido adicionadas a filmes e coberturas comestiveis, para melhorar
suas propriedades bioativas. As embalagens aditivadas com antioxidantes podem
preservar ou melhorar as qualidades sensoriais dos alimentos sobre 0s quais
séo aplicadas e agregar valor a produtos alimentares pelo aumento de sua vida
de prateleira.

Palavras-chave: Compostos bioativos; Aditivos naturais; Funcionalidade; Oleo
essencial; Extratos.
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Il 1 Introduction

The greatest hurdle of the food industry is the
limited shelf life of food products, a consequence of
oxidation reactions such as degradation, enzymatic
browning, and oxidative rancidity (SOLIVA-FORTUNY and
MARTIN-BELLOSO, 2003). One approach to reduce food
deterioration is to use edible films and coatings.

Edible films or coatings constitute thin layers of
material that are suitable for consumption and which
act as a barrier against different agents (water vapor,
oxygen, and moisture). They help to improve the quality
and extend the shelf life of fresh and processed foods.
The addition of active compounds, such as antioxidants,
to these films and coatings can enhance their functional
properties and make them potentially applicable in food
preservation (SANCHEZ-GONZALEZ et al., 2011). Indeed,
antioxidants can bind free radicals to protect materials
against oxidation processes, regardless of the action
mechanism (POKORNY, 2007a).

Many researchers have studied how incorporation
of antioxidants affects the functional properties of different
biopolymer films and coatings. Antioxidant agents from
natural sources, such as plant extracts (AKHTAR et al.,
2012; ZENG et al., 2013; LI et al., 2014), essential oils
(BONILLA et al., 2013; RUIZ-NAVAJAS et al., 2013;
PERDONES et al., 2014), and other components with
antioxidant activity, like a-tocopherol (fat-soluble
antioxidant)(BLANCO-FERNANDEZ et al., 20183;
JIMENEZ et al., 2013), ascorbic acid (BASTOS et al., 2009;
PEREZ et al., 2012; DE'NOBILI et al., 2013), or citric acid
(ATARES et al., 2011; ROBLES-SANCHEZ et al., 2013),
have been widely studied individually or in combination,
to replace synthetic antioxidants, such as BHA or BHT.

Results presented by the aforementioned authors
have suggested that incorporation of antibrowning agents
into edible coatings maintains the quality properties of the
food. Nevertheless, the overall quality and the antioxidant
activity resulting from this incorporation have not been
widely studied.

This work aimed to review the information available
on the use of edible flms and coatings as carriers of
antioxidant compounds to improve the quality, safety, and
functionality of fruits. It will identify the state-of-the-art of
this innovative approach to food technology as well as
discuss perspectives in this area.

Il 2 Antioxidants: compounds, action
mechanisms, and assays

Antioxidants comprise substances that can protect
materials (not only foods) against autoxidation irrespective
of the action mechanism (POKORNY, 2007a). These
compounds can be classified as primary or secondary
antioxidants, depending on the action mechanism. Some
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antioxidants exhibit more than one action mechanism,
being often referred to as multiple-function antioxidants
(REISCHE et al., 2002).

According to Reische et al. (2002), primary
antioxidants are free radical acceptors that delay or inhibit
the autoxidation initiation step or interrupt the autoxidation
propagation step. Secondary antioxidants slow the
oxidation rate through numerous mechanisms, but they
cannot convert free radicals to more stable products.

Antioxidants can be natural or synthetic. Synthetic
antioxidants that have received approval for use in
foods include butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT), propyl gallate (PG), octyl gallate,
dodecyl gallate, ethoxyquin, ascorbylpalmitate, and
tertiary butyl hydroquinone (TBHQ) (ANDRE et al., 2010).
Tocopherols, tocotrienols, ascorbic acid, citric acid,
carotenoids, and enzymatic antioxidants are natural
antioxidants commonly added to foods (FINLEY et al.,
2011). Although these natural antioxidants present some
drawbacks (lower antioxidant activity as compared
with synthetic antioxidants and the presence of other
substances that can negatively affect the sensory
properties of the product, among others), they offer
many advantages, including the fact that consumers
readily accept them. Besides the number of natural
antioxidants that are currently available and accepted
by health authorities, food components that can be used
as flavorings, positively affect sensory properties and
act as preservation agents which are easily accessible
(POKORNY, 2007b).

The antioxidant capacity has been extensively
studied and different methods have been suggested
due to the growing interest to discover new sources
of bioactive compounds and their protective effects.
However, the quantitative in vitro capacity of an antioxidant
may depend on pH, solvent, oxidation levels, and other
reaction conditions (FRANKEL and FINLEY, 2008).
Assessment of the free radical scavenging potential
of a substance is an important method to determine
its antioxidant activity (POKORNY, 2007a). Among the
methods that detect electron or radical scavenging are
the DPPH assay (2,2-diphenyl-1-picrylhydrazyl), the ABTS
assay (2,2’-azinobis3-ethylbenzothiazoline-6-sulfonic
acid), and the FRAP assay (ferric reducing antioxidant
power) (BERGER et al., 2011).

The DPPH assay is a simple and highly sensitive
method. DPPH consists of a nitrogen free radical; a
proton radical scavenger such as a hydrogen donating
antioxidant can quench DPPH, to generate its nonradical
form (DPPH-H). The antioxidant effect of a compound is
proportional to the disappearance of DPPH in the samples.
Concerning the FRAP assay, it gives fast, reproducible
results. This assay affords the antioxidant capacity of the
target compound in the assayed samples on the basis of
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the FRAP ferric ion reduction to ferrous iron. The ABTS
assay, it is applicable in both aqueous and lipid phases.
ABTS discoloration provides information on the antioxidant
activity of the natural products. The discoloration can be
measured on the basis of the reduction of the radical
cation, as the percentage inhibition of the absorbance at
734 nm (MOON and SHIBAMOTO, 2009).

The rapid ORAC assay provides results that often
coincide with the total phenols as determined by the Folin-
Ciocalteu reagent (BERGER et al., 2011). The phenolic
content can function as an indicator of the antioxidant
capacity; it finds application in the preliminary screening
of any product intended as a natural source of antioxidants
in functional foods (VIUDA-MARTOS et al., 2011). On the
other hand, high phenolic content can indicate polyphenol
oxidase activity, which underlies oxidative processes,
such as fruit browning.

Enzymatic reactions that change the color of
products impact the commercialization of fresh-cut
fruits. In addition, cutting the fresh fruit can modify it in
undesirable ways, to alter the flavor and smell as well as
the firmness of fruit tissues (MARTIN-BELLOSO et al.,
2007). These changes originate from the enzymatic
browning that occurs after peeling and cutting of the
fruit in the presence of oxygen, a result of the polyphenol
oxidase activity mentioned above. To tackle this problem,
it is necessary to employ a browning inhibitor; e.g., an
antioxidant, to prevent development of a brown coloration
(ZAMBRANO-ZARAGOZA et al., 2013).

Il 3 Application of antioxidant films and
coatings

One way to control fruit browning is to immerse
the sample in antioxidant solutions after peeling or
cutting. This methodology relies on modified atmosphere
packaging and storage at low temperature, to increase
product shelf life (BALDWIN et al., 1995). Films and edible
coatings can also enhance the shelf life of fresh-cut fruits.
Further addition of antioxidants to the formulation of films
and coatings can improve the preservative function, inhibit
browning, and reduce the undesirable effects of nutrients
oxidation (PASTOR et al., 2011; BONILLA et al., 2013).

Before adding antioxidants to films and coatings,
it is necessary to evaluate not only their antioxidant
capacity, but also how they influence (i) the properties
of the materials into which they are being incorporated,
such as the retention power, and (ii) the characteristics
of the food product, like flavor, color, and chemical
modifications. Tables 1, 2 and 3 present the composition,
added antioxidant, method of measurement, and the main
results of several studies on antioxidant films and coatings.

3.1 Pure compounds

New trends in edible films and coatings have aimed
to develop their functionality through incorporation of
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active compounds. An interesting alternative that may
confer functional properties to such materials is to add the
antioxidant as a pure compound, like ascorbic acid, citric
acid, resveratrol, or tocopherol. These are generally the
compounds of choice, because they constitute antioxidant
models, supplement the diet, and protect the sensory and
nutritive quality of the food itself (LEON and ROJAS, 2007).

The literature contains little information on how
incorporation of compounds like resveratrol, ascorbic
acid, a-tocopherol, butylated hydroxytoluene (BHT), and
butylated hydroxyanisole (BHA), among others, affects
film properties. However, their antioxidant activity (and
in some cases their antimicrobial properties) has been
extensively studied by physicochemical methods. For
instance, ascorbic acid avoids enzymatic browning of
fruits by reducing the o-quinones originating from the
action of polyphenoloxidase enzymes. Unfortunately, after
complete ascorbic acid oxidation to dehydroascorbic
acid, quinones can accumulate again and undergo
browning (ROJAS-GRAU et al., 2008).

As for the antioxidant activity of a-tocopherol,
vanillin, BHT, BHA, phenol, propyl gallate, and sodium
tripolyphosphate, only BHA is less active than resveratrol
to inhibit lipid peroxidation (MURCIA and MARTINEZ-
TOME, 2001). Concerning the radical scavenging
capacity of propyl gallate, ascorbic acid, a-tocopherol,
and resveratrol, Soto-Valdez et al. (2011) reported that
the latter is the best scavenger.

Table 1 shows recent studies about films and
coatings containing pure antioxidant compounds and
highlights the implications of adding antioxidants to the
materials. In most of the cases, the antioxidant capacities
of the films are proportional to the concentration of the
active compound in the film, without notable activity loss
during film formation and conditioning (PASTOR et al.,
2011; NORONHA, 2012). Nonetheless, very diverse effects
emerge upon addition of these compounds into a polymeric
matrix, as verified by microstructural, mechanical,
barrier, and optical properties, as well as antioxidant
capacity (BASTOS et al., 2009; DE’'NOBILI et al., 2013;
JIMENEZ et al., 2013). On the other hand, effects like
the cross-linking between the active compound and the
polymer could also arise, to improve film properties.
Acids, such as ascorbic and citric acids, and polymer
chains, among others, reduce the oxygen permeability in
films, which could protect the material against oxidation
(ATARES et al., 2011; FABRA et al., 2011; HAN and
KROCHTA, 2007).

It is crucial to evaluate compound stability in
the films during storage. One way is to determine the
percentage of antioxidant retention in the film under
adverse light, relative humidity, and temperature
conditions. Some works have verified that ascorbic acid is
100% retained after film casting; however, the degradation
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of this acid increases with higher relative humidity (LEON
and ROJAS, 2007; DE’'NOBILI et al., 2013). In contrast,
Bastos et al. (2009) compared the influence of light
and temperature, to conclude that both parameters are
important during ascorbic acid degradation. Degradation
becomes significantly faster upon a temperature rise of
only 15 °C, whereas lightimpacts this reaction only slightly.

Results from different studies have pointed out that
functional edible films containing added pure antioxidant
are potentially applicable in food products that are
sensitive to oxidative processes, to prolong their shelf life.
Investigations have focused on improving several coatings
and render them carriers of pure compounds. Such
coatings have proven to efficiently maintain the quality
properties of different foods (Table 1), but most of the
employed antioxidants can still undergo rapid degradation
due to oxidative processes (PIERUCCI et al., 2004).

Among the biopolymers used to formulate coatings,
alginate, hydroxypropylmethylcellulose, pectin, and gellan
are interesting options: they are odorless, tasteless, and
biodegradable (KROCHTA and DE MULDER-JOHNSON,
1997). In the case of fruits and vegetables, the edible
coatings carry antibrowning agents (SOLIVA-FORTUNY
and MARTIN-BELLOSO, 2003; CHIUMARELLI et al.,
2010). Robles-Sanchez et al. (2013) and Oms-QOliu et al.
(2008), who worked with minimally processed fruits,
observed that the addition of antioxidants significantly
impacts the overall quality of fresh-cut fruits. These
compounds effectively reduce bioactive compounds loss
(ascorbic acid, polyphenols), to keep the natural color of
the fruits and increase their antioxidant potential.

3.2 Essential oils

Consumers have been demanding the use of fewer
chemicals in minimally processed fruits and vegetables.
Hence, the search for naturally occurring substances
that can act as alternative antioxidants is essential.
Antioxidants can prevent sensorial and nutritional quality
loss and improve lipids stability, to lengthen the shelf life
of food products (PONCE et al., 2008).

Essential oils are aromatic, natural antioxidant,
and antimicrobial substances extracted from vegetables
by physical means. They consist of a complex mixture
of natural compounds; most of them contain a mixture of
terpenes, terpenoids, phenolic acids, and other aromatic
and aliphatic compounds, but their composition may
vary depending on their origin. Because essential oils
can lower lipid oxidation, their presence in food products
could extend the shelf life (TONGNUANCHAN et al., 2013;
PERDONES et al., 2014).

Essential oils exhibit great antioxidant potential
and are classified as Generally Recognized as Safe
(GRAS). However, some of their features — intense aroma,
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toxicity issues, and possible changes in the organoleptic
properties of the food — have limited their use in food
preservation. A strategy to solve this problem has
been to incorporate essential oils into edible films and
coatings. It is possible to minimize the required doses
by encapsulating them into the polymer matrix, which
limits their volatilization, controls their release (thereby
reducing the negative impact of these ingredients), and
preserves the quality and safety attributes of fresh-cut
fruits and vegetables (SANCHEZ-GONZALEZ et al., 2011;
BONILLA et al., 2013; RUIZ-NAVAJAS et al., 2013).

Table 2 lists many publications on essential
oils incorporated into coatings or films prepared from
biopolymers of several sources. Tongnuanchan et al.
(2013) studied the antioxidant properties of the film
prepared from fish skin gelatin incorporated with essential
oils from roots (ginger, turmeric, and plai), to show that
these films display higher antioxidant activity than the
control film. Perdones et al. (2014) found that chitosan
films containing cinnamon leaf essential oil exhibit
higher antioxidant activity. Ruiz-Navajas et al. (2013)
also produced chitosan films and used the DPPH and
FRAP methods to demonstrate that films containing
Thymus piperella essential oil present higher antioxidant
activity than films containing Thymus moroderi essential
oil. The antioxidant activity thus depends on the type of
essential oils and results from the structural features of
the molecules, mainly the reactivity of the hydroxyl groups
present in the compounds. Concentration, temperature,
light, substrate type, physical state of the system, and
microcomponents acting as pro-oxidants or synergists
also impact the antioxidant action. Furthermore, various
antioxidants can interact with the film matrix in different
ways, to release the free antioxidant in the essential
oils through diverse mechanisms (CiZ et al., 2010;
TONGNUANCHAN et al., 2013).

Ponce et al. (2008) demonstrated that butternut
squash containing chitosan coatings enriched with
oleoresins improves the antioxidant protection of the
fresh-cut squash, preventing the browning reactions
and the consequent quality loss in fruits and vegetables
without adversely affecting their sensory acceptability.
However, the addition of antioxidants to films does not
always enhance the antioxidant properties. Indeed,
Atarés et al. (2010) described that incorporation of
cinnamon and ginger essential oils into sodium caseinate
films does not elicit any antioxidant effect as compared
with the sodium caseinate film without essential oils, even
though cinnamon essential oil alone possesses high
antioxidant potential.

Besides their high antioxidant capacity, essential
oils can also improve the water barrier properties of
the film because they display the hydrophobic nature
characteristic of lipids (ATARES et al., 2010). Several
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authors have reported that the antioxidant power of a
biodegradable film containing essential oils is proportional
to the amount of added essential oils; in other words,
the antioxidant activity rises with increasing essential oil
concentration in the film (GOMEZ-ESTACA et al., 2009b;
MORADI et al., 2012; SHOJAEE-ALIABADI et al., 2013;
TONGNUANCHAN et al., 2013; JOUKI et al., 2014).

3.3 Extracts

Because synthetic antioxidants have raised some
safety concerns and regulatory agencies have restricted
their use as food additives, researchers have targeted
films containing antioxidant agents from natural sources
such as natural extracts (MURCIA and MARTINEZ-TOME,
2001; DE’'NOBILI et al., 2013). These extracts should
also contribute to nutritional and quality aspects without
impacting the food product integrity (GUILBERT et al.,
1996).

Extracts like tea extracts (DAS et al., 2013; Ll et al.,
2014), fruit and vegetables extracts (AKHTAR et al.,
2012; SUPAPVANICH et al., 2012), ginseng extract
(NORAJIT et al., 2010), plant extracts (GOMEZ-
ESTACA et al., 2009b), and propolis (PASTOR et al.,
2011) possess excellent antioxidant activity, can retard
lipid oxidation, and improve the quality and shelf life of
various food model systems in different ways (Table 3).
The antioxidant activity of these extracts results mainly
from phenolic compounds and their synergistic,
antagonistic, and additive effects (KROCHTA and DE
MULDER-JOHNSON, 1997). However, despite their strong
scavenging activity and ability to protect food products,
they are still less active than synthetic antioxidants.

Many authors have looked into the different
functionalities of antioxidant extracts. Recently, fruit and
vegetable extracts have been considered for application
as natural bioactive additives for their coloring potential,
pharmaceutical activities, and bioactivity, regarding
aspects of hygiene, nutrition, and environmental
consciousness (AKHTAR et al., 2012). Several studies
on antioxidant and antiradical extracts that confer color
to films have been published (GOMEZ-ESTACA et al.,
2009a, b; NORAJIT et al., 2010; AKHTAR et al., 2012;
BITENCOURT, 2013; LI et al., 2014). In addition, it has
been well documented that extracts exhibit coloring and
antioxidant properties that, in some cases, enable good
control against photo-oxidation through reduced light
transmission, especially UV radiation (PASTOR et al.,
2013; NORAJIT et al., 2010; LI et al., 2014).

In general, the physical properties of the film, like
moisture content and water solubility, remain unaltered
upon the addition of extracts, because the extract and the
film matrix interact well. Li et al. (2014) analyzed gelatin-
based film incorporated with tea extracts through FTIR
and verified that the extracts establish hydrogen bonds
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with gelatin,to reduce free hydrogen. On the other hand,
works have revealed that extract incorporation in films may
generate a heterogeneous surface with numerous small
pores (NORAUJIT et al., 2010), which could account for the
high water vapor permeability of the incorporated films.

In the same way that natural extracts can be
successfully incorporated into biodegradable films, the
use of edible coatings in fruits and vegetables could
improve food quality and shelf life. However, light may
degrade the active compound during storage and
deteriorate optical properties like luminosity. Nevertheless,
some papers have shown that this technology can better
control weight loss and respiration rates, allowing for
longer storage time as compared with samples without
coating (PASTOR et al., 2011; SUPAPVANICH et al., 2012;
DAS et al., 2013).

Il 4 Conclusion

Coatings and films containing antioxidant agents
constitute a natural and biodegradable alternative to
chemical preservatives, by acting as protective barriers
and extending foods shelf life. The addition of antioxidant
compounds to edible films and coatings can increase food
safety and quality by inhibiting deterioration reactions of
the food materials.

Determination of the antioxidant capacity helps
to evaluate the antioxidant potential status of the food
tissue, which is a function of the type and amount of
bioactive compounds present in the material. Research
has indicated that applying edible coating containing
antioxidants to fresh-cut fruits effectively reduces
browning while increasing the antioxidant capacity of the
coated or packed food.
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