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Abstract
Polymers have become packaging material of choice due to their high strength to weight
ratio, ease of processing, anti-corrosion and cost saving properties. Antioxidants are
incorporated into polymers to produce active polymer packaging films / wrappers and
containers for the purpose of protecting and preserving packaged foods. Active polymer
packages now constitute either all or part of most primary packages for foods and
beverages. Their ability to prevent the oxidation of the packaged foodstuff through the use of
antioxidants helps to maintain food freshness, taste and quality over a prolonged period of
time. Antioxidants that may be incorporated into polymer systems to produce active polymer
packaging include oxygen scavengers, ethylene scavengers, moisture absorbers, flavour
and odor absorbers/releasers which may be sourced synthetically or naturally. The synthetic
antioxidants such as butylated hydroxytoluene (BHT), butylated hydroxyanisole (BHA),
ethoxyquin, tert-butylhydroquinone (TBHQ) and propylgallate (PG), are based on chemicals.
They are refined, pure, cheap and readily available but are highly regulated in terms of
dosage permitted by legislation in foods for healthy living. On the contrary, natural
antioxidants are a complex mixture of natural compounds and polyphenols inherent in some
plants, herbs and spices in the form of tocopherols, ascorbic acids, carotenoids, flavonoids,
amino acids, phospholipids, and sterols, in various proportions. Natural antioxidants may be
extracted from certain plants or consumed as part of the plant‟s fruit, seed, bark, stem, leaf
or flower. They are not subject to stringent legislation due to their green / renewable nature.
Both the synthetic and natural antioxidants may have profound effects on the morphology
and performance properties of the polymer packaging material which may ultimately impart
negatively on the contained lipid, meat or beverage. This paper therefore surveys the
effectiveness of replacing the synthetic antioxidants with natural antioxidants from natural
foods, spices and flavonoids. The various chemical reaction schemes, radical generation,
pro-oxidation and food oxidation mitigation (antioxidation) mechanisms by the natural
antioxidants are also highlighted and discussed.
Keywords: Antioxidants, Active packaging, Butylated hydroxytoluene (BHT), Butylated
hydroxy anisole (BHA), α-tocopherol, Food preservation
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1. Introduction
Food packaging is defined as enclosing food to protect it from physical, chemical and
biological spoilage, to provide consumers information with respect to ingredients, nutritional
and safety as well as the preparation of these food products for shipment and marketing
(Robertson, 2012). Four primary functions of packaging have been identified as
containment, protection, convenience and communication (Yam, 2009). The roles, materials
and environmental issues associated with food packaging have been explained by Marsh &
Bugusu (2007). Food packaging therefore protects the food against attack from oxygen,
water vapor, ultraviolet light, and both chemical and microbiological contamination thereby,
contributing to the extension of shelf-life and maintenance of the safety of the packaged food
product. Food spoilage during storage through lipid food deterioration causes great
economic lose to the lipid food industry. Apart from degradation caused by microorganisms,
spoilage is mainly caused by presence of oxygen and products of chemical reactions
(Carocho & Ferreira, 2013; Shahidi & Zhong, 2010; Siddhuraju & Becker, 2003). According
to Nerín, Tovar & Salafranca, (2008), oxidation is the main cause of deterioration of foods
and it considerably limits the shelf-life of food products. The main consequences of
oxidation include: (1) a decrease in the nutritional value of food due to the destruction of
essential fatty acids, proteins and lipid soluble vitamins otherwise known as lipids‟ rancidity;
(2) a decrease of the energy content; (3) the production of off-flavours and odours, and (4)
phenolic discoloration of food which are important in the consumers‟ decision to purchase
the food (Nerín, Tovar, Djenane, Camo, Salafrance, Beltran & Roncalés, 2008). The process
of auto-oxidation involves a free radical chain mechanism which leads to the development of
rancidity, and the changes already mentioned (Zhou & Elias, 2013a). This reason made the
food packaging industry to constantly seek new methods to reduce oxidation in packaged
foods and in specific case, rancidity in lipid food oxidation after packaging. In doing so,
active polymer packaging is adopted to preserve packaged lipid foods.
2. Active Packaging
Active packaging is defined as packaging in which some kind of functional constituents have
been deliberately included in or on either the packaging material or the package headspace
to enhance the performance of the package system (Robertson, 2012). Active packaging
emphasizes the deliberate use of a chemical substance with the intention of enhancing the
ability of the packaging material to protect food. It is also seen as a system in which the
product, the package, and the environment interact in a positive way to extend shelf-life.
Miltz, Hoojjat, Han, Giacin & Gray (1988) noted that a package may be termed active when it
performs some desired roles in food packaging. Active packaging is used successfully to
increase beyond the conventional package, the shelf-life of processed foods and to meet
consumer demands in terms of providing high-quality products that are also fresh and safe
(López-Rubio, Almenar, Hernandez-Muñoz, Lagarón, Catalá & Gavara, 2004).
Active packaging is an extension of the protection function of a package and is
basically to protect against oxygen and moisture (Prasad & Kochhar, 2014). Recently, active
packaging experienced significant growth and changes, as innovations have challenged the
normal traditional food packaging. Due to the increasing importance of active packaging,
several reviews can be found in the literature regarding this subject (Appendini & Hotchkiss,
2002; López-Rubio, Almenar, Hernandez-Munoz, Lagaron, Catala & Gavara, 2004; Pereira
de Abreu, Cruz, & Paseiro Losada, 2012). Among the major functions of food packaging is to
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retard the natural processes that lead to food deterioration. To achieve this, antioxidants
(AOs) are usually incorporated into food packaging materials during processing and are
released into the packaged food by a controlled mechanism of diffusion (Decker, Elias &
Mcclements, 2010). The use of AOs in food packaging helps to delay both lipid oxidation and
protein denaturation (Torres-Arreola, Soto-Valdez, Peralta, Cardenas-Lopez & EzquerraBrauer, 2007). Unlike traditional packaging, which must be made totally inert, active
packaging is designed to interact with the contents and/or the surrounding environment in
order to perform the desired role of preservation other than only barrier to outside influences
(Vermeiren, Devlieghere, van-Beest, de Kruijf & Debevere, 1999). For food contact materials
to be active, they are designed by deliberately incorporating “active” components that would
release intended substances into the packaged food or absorb substances from the
packaged food and / or the environment surrounding the food (López-De-Dicastillo, Alonso,
Catalá, Gavara, & Hernández-Munoz, 2010; López-De-Dicastillo, Pezo, Nerin, LopezCarballo, Catala, Gavara & Hernandez-Munoz, 2012; López-de-Dicastillo, Nerín, Alfaro,
Catalá, Gavara, & Hernández-Muñoz, 2011). Strategies used to actively protect food
products and the like include; coating oxygen sensitive materials with antioxidant
compositions, coating the antioxidants themselves with substances that allow for sustained
release, and mixing antioxidants with carriers such as polymers. Food polymer package can
serve as polymer matrix or carrier where the scavenging active material leaches out into the
oxygen sensitive food product (Joaquín Gómez-Estaca, López-de-Dicastillo, HernándezMuñoz, Catalá, & Gavara, 2014a).
According to Dainelli, Gontard, Spyropoulos, Zondervan-van den, & Tobback (2008), active
packaging can be classified into two; the non –migratory active packaging and the migratory
active packaging. In non-migratory active packaging, the package elicits a response without
migration of the active compound into the food. Oxygen absorbers fall into this category,
where most of them are based on iron oxidation. But, they can also be based on ascorbic
acid oxidation, catechol oxidation or enzymatic catalysis. They can be found as selfadhesive labels, sachets or incorporated into the packaging monolayer or multilayer
material. On the other hand, migratory active packaging allows a controlled migration or
leaching of non-volatile agents or an emission of volatile compounds into the atmosphere
surrounding the food. This innovative food packaging concept makes for extension of the
shelf-life of packaged food through the release of AOs by a controlled mechanism of
diffusion from the packaging to the food surface and dissolution in it or in the inner
atmosphere of the product or by the scavenging of free radicals (Nerín, Tovar, Djenane,
Camo, Salafranca, Beltran & Roncales 2006). The release mechanism provides a
continuous replenishment of AOs to foods which ultimately reduces the direct addition of
AOs to the food (López-de-Dicastillo, Gómez-Estaca, Catalá, Gavara, & Hernández-Muñoz,
2012).
2.1.
Methods of Active Packaging
2.1.1. Oxygen Scavengers
Oxygen-scavenging compounds may be dispersed or blended in high permeability
containers or films made of plasticized poly (vinylchloride) (pPVC), polyethylene (PE), poly
(vinylidene chloride) (PViC), polyethylene terephthalate (PET), polystyrene (PS), polyamides
(PA), poly(lactic acid) (PLA), or ethylene vinyl alcohol (EVOH) where the oxygen scavenger
is molecularly infused in the polymer matrix and made available to oxygen in its entirety
(Rooney, 1995). Packaged foods may have some amount of headspace gases and
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entrained oxygen. On the other hand, permeation of oxygen into plastic containers is also of
concern and in this case, molecular oxygen (O2) may be reduced to a variety of intermediate
species by the addition of oxygen scavengers. The presence of oxygen may be as a result of
inadequate evacuation of air during the packaging process thereby allowing unwanted
oxygen inside the package. Oxygen may also enter the headspace through improper
sealing, permeation through the package material, or due to micro perforations on the
packaging material. Packaged food is supposed to be air-tight to avoid deterioration of the
food through oxidation. Otherwise, the oxygen in the headspace would oxidize sensitive
foods such as meat, sausages, milk powder, spices, baked food and confectionaries, and
organic compounds in the package thereby accelerating the deterioration of the food
products, degradation of vitamins, and rancidity of oils, nuts, and fatty foods, and also
encouraging microbial growth. However, oxygen in the headspace of food packaging can be
removed by vacuum-sealing or by creating inert gas atmosphere in the packaging (N2, CO2),
or both. These technologies are deployed to remove about 90–95% of the oxygen present in
air from the packed food prior to or during packaging (Marsh & Bugusu, 2007). Scavengers
reduce and actively control the residual levels of oxygen inside the package, in some cases
to less than 0.01% oxygen, which is impossible with other packaging systems (Vermeiren,
Devlieghere, Van Beest, De Kruijf & Deberere, 1999).
2.1.2. Modified Atmosphere Packaging, Films, Sachets and Pads
Sachets and pads were developed in the 1970s in Japan. Originally, they used to be small
porous bags or pads containing a material intended to create an inert atmosphere through
the absorption of emitted gases in the package headspace. They are used in modified
atmosphere packaging (MAP) technology (Zagory & Kader, 1988) defined as the enclosure
of foodstuff in a high gas barrier film in which the gaseous environment is aerobically
monitored and controlled to slow respiration rates, reduce microbial growth and reduce
enzymatic food spoilage (Farber, 1991) in order to maintain the freshness of the food
content. MAP has greatly reduced drying, freezing and thermal processing of foodstuff
before packaging (Smith, Hoshino, & Abe, 1995), as sachets containing oxygen scavengers
are now used in MAP. For oxygen scavenging, sachets essentially utilize the process of
rusting, or the oxidation of iron compounds in the presence of oxygen and water. Iron based
scavengers typically do not pass the metal detector inspections on most packaging lines,
and in these incidences ascorbic acid is advantageous. Oxygen absorbers in sachets are
commonly found in meat and poultry products, coffee, pizzas, baked foods and dried foods.
Sachets that absorb carbon dioxide along with oxygen are also available and are most
commonly found in roasted ground coffee packages. Some sachets are capable of emitting
carbon IV oxide and ethanol as an antimicrobial agent to extend shelf-life of high moisture
bakery products (Han, Ruiz-Garcia, Qian, & Yang, 2018). Drip absorbent pads may be used
in packages containing meats that are likely to leak after some temperature fluctuations.
These pads prevent the growth of bacteria by absorbing water into super-absorbent polymer
granules placed between two layers of microporous non-woven polymer. Although sachets
work well in many applications, they are not appropriate for every situation. Sachets cannot
be used in liquid foods. They may not be used in a package made of flexible film, as the film
will cling to the sachet and prevent it from performing its function. Sachets have the risk of
accidental ingestion by consumers and this may account for their limited commercial
success in North America and Europe (Dario Dainelli, Gontard, Spyropoulos, Zondervan-van
den Beuken & Tobback, 2008).

97

Iheaturu et al., The Use of Natural…

2.1.3. Active Packaging: Materials Containing Active Components
More recent attempts at active scavenging have focused on incorporating the scavenger into
the packaging material itself (Wyrwa & Barska, 2017). This method has potential for use in
poly(ethylene terephthalate) (PET) bottles and can be included in many plastic containers
and closures (Di Maio, Scarfato, Galdi, & Incarnato, 2015; Galdi, Nicolais, Di Maio, &
Incarnato, 2008). Adding scavengers to the plastic packaging materials rather than in
sachets can salvage many problems. For example, in contact films that is tight fitting such as
those made of ethylene vinyl alcohol copolymer (EVOH) and polylactic acid films for
protecting fresh meat and cheese pack from flies, a sachet to absorb oxygen cannot be used
because the tight fitting film would stifle its functionality. Rather, incorporating the antioxidant
or radical scavenging agent into the copolymer film would be more efficient. This has shown
effectiveness in prolonging the shelf-life of fresh food (López-de-Dicastillo et al., 2011). to
One way in which oxygen absorbers are being incorporated into plastic materials is the use
of a polymer based absorber that is co-extruded in various packaging forms. The oxygen
absorber is activated via ultraviolet light so that the scavenging capacity is not exhausted
before the end of the product shelf-life (Huff, 2015). Some systems developed so far use
iron-based chemicals in their packaging material. Flavour absorbers are also being used in
active packaging (Robertson, 2012). It has been known for decades that packaging
materials can scalp or absorb flavours from foods such as fruit juices. Scalping is now being
used in a positive way to absorb unwanted flavours and odour (Sajilata, Savitha, Singhal &
Kanetkar, 2007).
2.1.4. Addition of Enzymes as Oxygen Scavengers
Other approaches to oxygen scavenging include the addition of enzymes to the surface of
films or bottles that makes it possible for enzymatic reaction with head-space oxygen in
sachet or plastic bottle packages. This offers immeasurable value to the active package due
to the addition of enzymes such as glucose oxidase and catalase (Brody & Budney, 2012).
When water is present, the glucose oxidase oxidizes to gluconic acid and hydrogen
peroxide. Then, catalase converts the hydrogen peroxide to water and oxygen. The net
result is a reduction in oxygen. These enzymes are usually added to the surface of
polyethylene (PE) or polypropylene (PP) packaging materials (Vermeiren et al., 1999).
2.1.5. Active Packaging with Antimicrobial Systems
Antimicrobial polymer package refers to the physical and chemical modification of the
polymer packaging to prevent its microbial colonization by microbes such as bacteria. This is
an exciting innovation in active packaging which has the potential of effecting controlled
release of antimicrobial agents from either the surface or within the matrix of the packaging
materials (Vladimir, 2013). Antimicrobials incorporated in packaging materials could extend
shelf-life by preventing bacterial growth and spoilage (Ahmed, Lin, Zou, Brody, Li, Qazi &
Liv, 2017). In „Bioswitch‟ active microbial systems (De Jong, Boumans, Slaghek, Van Veen,
Rijk & Van Zandvoot, 2005), an antimicrobial is released on command when bacterial growth
occurs based on favourable environmental conditions such as moisture, pH, temperature or
UV- light. The external stimulus triggers the release of the antimicrobial components. This
system could potentially increase the stability and specificity of preservation and reduce the
amount of chemicals needed in foods. An example of release-on-command antimicrobial
compounds in food packaging is the inclusion of polysaccharide particles that encapsulate
antimicrobials which would eventually digest the polysaccharide compounds when they
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grow. And so, when this happens, antimicrobial activity takes effect on the packaged food on
detection of the polysaccharide (Wyrwa & Barska, 2017).
3. Polymer Additives
Additives such as antioxidants, ultraviolet (UV) stabilizers and plasticizers are necessary to
protect packaging from oxidative deterioration, ultraviolet rays, and lower the glass transition
temperature (Tg) (Stevens, 1993a). Polymer additives also help to improve the overall
mechanical properties, appearance and general quality of the plastic product. Additives are
selected depending on the type of polymers to which they will be added, and the application
for which they will be used (Stevens, 1993c, 1993b). Appropriate selection of additives helps
develop value-added plastics with improved durability as well as other advantages. The
additives are usually not covalently bound to the polymer chains and are therefore
susceptible to migration or leaching into the food contacting environment during heating or
long term storage (Alin, 2012). This is due to their low molecular mass and high mobility rate
in the polymer. Some compounds with available toxicity data, have been assigned specific
migration limit (SML) values for specified test conditions or worst case conditions, which
must not be exceeded during the use of the packaging in order to be permitted in the market
(Alin, 2012). However, some additives, adhesives, coatings and non-intentionally added
substances (NIAS) such as impurities, oligomers and degradation products, associated with
unevaluated toxicity levels but yet find their way in the plastic package either during
production, recycling or usage, needs to be further investigated (Groh, Backhaus, CerneyAlmroth, Geueke, Inostroza, Lennquish, Leslie, Maffini, Slunge, Trasande, Warhurst, and
Mucke, 2019).
3.1.
Antioxidants (AOs)
Synthetic and natural antioxidants serve as food preservatives and are added to packaged
foods or their package materials to scavenge oxygen radicals. However, many synthetic
antioxidants such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT),
ethoxquin, tert-butyl hydroquinone (TBHQ), and propul gallate (PG), used for food and
polymer active packaging have been implicated to be detrimental to human health,
producing adverse side effects on health (Kahl, 1984). Some of the effects are allergies
caused by benzoic acid and sulphites, the production of carcinogenic nitrosamines from
nitrites. The benefits of interactions of synthetic antioxidants with exogenous physical and
chemical compounds are zeroed by their unfavourable effects on the food such as radiosensitization, increased toxicity, increased mutagen activity, cancerous effects and
increased tumor yield from carcinogenic chemicals they are made of (Kahl, 1984). Typically,
these preservatives are added to food or food polymer packaging materials. Today, in the
food packaging industry, there is the growing interest in finding and replacing these synthetic
chemical antioxidants, with suitable natural antioxidants from edible foods, plants, leaves,
seeds, spices, herbs and shrubs, that are presumed safe for human consumption (Cassiday,
2015; Hue, Boyce, & Somasundram, 2012; Moure, Cruz, Franco, Manuel Domenguez,
Sineiro, Dominguez, Nunez & Carlos Parajor, 2001). This has been achieved with polymeric
materials to produce active food packaging (Joaquín Gómez-Estaca, López-de-Dicastillo,
Hernández-Muñoz, Catalá & Gavara, 2014b). Figure 1 presents some active compounds
extracted from herbs and spices which may be incorporated as additives into plastic films
and their effect on the packaging material properties.
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Herbs and Spices added to
polymer films / packaging

Effects on active food
packaging

Antioxidative effect
Extracts & Oils would contain;

Antimicrobial effect

Active compounds such as:
thymol, carvacrol, tocopherols,
geraniol, benzoic acid etc.

Antifungical effect
Mechanical, gas barrier,
thermal and morphological
properties

Figure 1: Some active compounds as additives into plastic films and their effects on the
packaging material properties
The antioxidative capacity of any antioxidant is influenced by its composition, type of
polymer packaging film carrier and the aerobic or anaerobic atmospheric condition in the
package headspace in contact with the food. Furthermore, the antioxidative properties of the
packaging film carrier depends on the infused AO, the film thickness and the nominal
concentration of the AO in the film. Although, the antioxidative capacity increases in a nonlinear profile with the concentration of the infused antioxidant, Bentayeb, Rubio, Batlle &
Nerin (2007) reported that at higher concentrations, the relationship between antioxidant
concentration and antioxidative capacity remains linear. This probably could be due to
uninterrupted interaction between the AOs and the polymer film carrier.
3.1.1. Mechanism of Lipid Peroxidation and Antioxidation
Oxidation of fats is one of the most important mechanisms that lead to food spoilage, second
only to growth of microorganisms (Huang & Wong, 2013). Lipid peroxidation is a major
cause of food deterioration, which leads to a loss of functional properties and nutritional
value (Tian et al., 2013). The major pathway to lipid peroxidation involves a series of selfcatalytic free radical chain reactions from initiation to propagation to termination, as shown in
the chemical equations (1) to (5) where R refers to lipid alkyl group (Taghvaei & Jafari,
2015).
Initiation:
RH
→
R* + H*
)1(
Propagation:
R* + O2
→
ROO*
)2(
ROO* + RH →
ROOH + R*
)3(
Termination:
ROO* + R*
→
ROOR
(4)
R* + R*
→
RR
(5)
Peroxidation requires that the fatty acids and acylglycerols are radicalized at initiation stage
as in equation (1), a process that may be catalyzed by environmental factors, such as
moisture, light, oxygen, inherent free radicals and transition metal ions. Free radicals such
as singlet oxygen (O2), super-oxide anion radical (O2-), alkoxy radical (RO*), peroxyl radicals
(ROO*), hydroxyl radicals (OH), and peroxy nitrites (NO2N), hydrogen peroxide (H2O2), and
lipid hydroperoxide (LOOH) are generated. This is closely followed by autoxidation at the
propagation stage as in equations (2) and (3) with the continuous oxidation of the lipid
radical (2) and / or peroxide radicalization of the lipid food (3). At the termination stage, the
lipid free radicals may recombine with peroxide radicals as in equation (4) or with
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themselves as in equation (5) (Choe & Min, 2006). However, in other to prevent undesirable
lipid peroxidation, chemical compounds containing polyphenols and phenolic derivatives or
organic sulfides are antioxidants most frequently used for this purpose. An example is
hindered phenol produced when adjacent carbon atoms have their bonded hydrogen
replaced with heavier elements, the resulting is a hindered phenol compound, which
prevents oxidative degradation of polymers. They in turn serve as radical scavengers which
prevent photo or thermal degradation of many organics and polymeric materials. Its
effectiveness increases in combination with phosphites, thioethers and light stabilizers (Till et
al., 1982). Chemical equations (6) to (12) explains antioxidation reactions with free radicals,
where AH refers to the antioxidant (AO) molecule.
Radical/AO:
ROO* + AH →
ROOH + A*
)6(
R* + AH
→
RH + A*
)7(
RO* + AH
→
ROH + A*
)8(
Radical/AO Radical: ROO* + A*
→
ROOA
(9)
RO* + A*
→
ROA
(10)
AO radical/AO radical A* + A*→
A-A
(11)
From the above equations, the antioxidants‟ mechanism of action involves scavenging
reactive oxygen and nitrogen free radical species, thereby decreasing the localized oxygen
and oxygen ion concentration by radical/AO combination as shown in equations (6) to (8)
and radical/AO radical combination as shown in equations (9) and (10). These reactions
reduces molecular oxygen oxidation potential, metabolizing lipid peroxides to non-radical
products and chelating metal ions hence preventing the generation of more free radicals
(Taghvaei & Jafari, 2015; Zhou & Elias, 2013b). This is represented in Figure 2, where
thermally induced free radicals generated within the packaged food are seen accepting
electrons from the AOs thereby completing the outer shell ions of the radical species to
inertness. Antioxidative compounds through electron transfer to the free radicals or
protonation of the free radicals inhibits oxidation reactions. This chemical action of
neutralizing the active free radicals prolongs the shelf-life of the packaged food (Gülçin,
2012).
Unpaired electron

Electron
transfer

Antioxidant / scavenger in
polymer package

Antioxidants

Free radical in
packaged food

Free radical

Figure 2: Donation of electrons to unpaired electrons of free radicals in packaged lipid foods
by antioxidants
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In this way, antioxidants limit the free radical damaging action, preventing the oxidation of
low density lipoprotein (LDL) cholesterol, which may increase the health risk of
atherosclerosis. Oxidized polyunsaturated fatty acids may also damage cell‟s DNA, induce
ageing and carcinogenesis, promote platelet adhesion, which may lead to thrombosis
thereby increasing the risk of heart disease or stroke (Odukoya, Ilori, Sofidiya, Aniunoh,
Lawal & Tade, 2010). As a way of confirming safety of antioxidants in edible lipid foods, both
in-vitro and extensive pharmacological in-vivo assays must be conducted on the antioxidant
before its therapeutic usage and / or inclusion in polymer material meant for food packaging
(Kasote, Katyare, Hegde, & Bae, 2015). These are necessary procedures done to avoid
health risks during application.

3.2.
Natural Antioxidants used in Polymer Food Packaging
Nowadays, especially due to consumers‟ demands, there is a tendency to search for natural
AO sources that are not related to possible toxicological side-effects such as suspected
carcinogenic potential (Imaida et al., 1983) but have the same AO properties as artificial
compounds. The demand for AO-active packaging is increasing compared to the addition of
AOs directly to the food because food spoilage is a surface phenomenon (Han, 2013; Ana
Sanches-Silva, Costa, Albuquerque, Buonocore, Ramos, Castiho, Machado, and Costa,
2014). Mechanisms of release of AO from active food packaging has been explained in a
review by Tian et al., (2013). A schematic representation of the physical mechanism of the
gradual release of AO by diffusion and surface release in order to protect lipid food in active
packaging is shown in Figure 3.
film thickness (µm)

Package thickness

Antioxidant

Lipid Food
Content
Controlled release of
antioxidant to mitigate food
oxidation from package
material

Active polymer package

Figure 3: Scheme showing physical mechanism of anti-oxidant migration into lipid foods to
control lipid food oxidation
In practice, trace quantities of antioxidants in active packages may continuously be released
by diffusion into the head or free space of the package or to the surface of the food, instead
of adding bulk antioxidants directly into the lipid foods (Ana Sanches-Silva et al., 2014b).
Recently, different pure standards of natural antioxidants such as α-tocopherol, caffeic acid,
and catechin (López-de-Dicastillo, Alonso, Catalá, Gavara, & Hernández-Muñoz, 2010);
López-de-Dicastillo, Gómez-Estaca, Catalá, Gavara & Hernández-Muñoz, 2012), and
quercetin (López-de-Dicastillo, Alonso, Catalá, Gavara & Hernández-Muñoz, 2010; GómezEstaca, Bravo, Gómez-Guillén, Alemán, & Montero, 2009), have been incorporated into food
packaging. Packaged essential oils have also been achieved with active packages
containing natural antioxidants such as cinnamon (Cinnamomum zeylanicum L.) (El-baky,
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Farag, & Saleh, 2010), oregano (Origanum vulgare L.) (Liu et al., 2016b), clove (Syzygium
aromaticum L.) (Seok-In, Jong-Dae, & Dong-Man, 2000), rosemary (Rosmarinus officinalis
L.) (Barbosa-Pereira, Aurrekoetxea, Angulo, Paseiro-Losada, & Cruz, 2014), ginger
(Zingiber officinale Rosc.), lemon grass (Cymbopogom citratus (DC.) Stapf.), green tea
(Camellia sinensis L.) (Wrona, Nerín, Alfonso, & Caballero, 2017), barley husk (Hordeum
vulgare L.) (Pereira De Abreu, Losada, Maroto, & Cruz, 2010; Pereira de Abreu, Maroto,
Rodríguez, & Cruz, 2012) have been investigated. Natural AOs may be incorporated into
polymer packaging materials with the aim of firstly, having an action on the packaging either
stabilizing the package against UV degradation and secondly, with the intention of being
released into the food in order to stabilize the food against oxidation. In the first case, natural
antioxidants would conform to packaging legislation, in the second case, food packaging
legislation would have been complied with according to community or national provisions
regulation (EC) 450/2009, before its application.
Tocopherols are classified as substances generally recognized as safe for food products
according to the code of the United States Food and Drug Administration (FDA) regulation
(2013). α-tocopherol is one of the most used antioxidants used to protect the polymer during
processing and used as an additive for active packaging (Siró, Fenyvesi, Szente, de
Meulenaer, Devlieghere, Orgoványi, Sényi, & Barta, 2006). (Granda-Restrepo et al., 2009)
have developed a multilayer active packaging with high-density polyethylene (HDPE),
ethylene vinyl alcohol copolymer (EVOH) and an internal layer of low-density polyethylene
(LDPE) in which the LDPE layer incorporates α-tocopherol. This new packaging has delayed
the lipid oxidation of milk powder. The rate of migration may be slowed down by using a film
layer that has low diffusion into the AO (Wessling, Nielsen, & Giacin, 2000) or through the
use of cyclodextrin (Koontz, 2006). Incorporation of α-tocopherol in polymers has been
widely investigated in petroleum based synthetic polymers, but not much work have been
done using biopolymers (Jongjareonrak, Benjakul, Visessanguan, & Tanaka, 2008).
3.2.1. Rosemary (Rosmarinus officinalis L.)
This is a member of the Lamiaceae family and one of the plant that has been identified to
contain natural phenolic compounds as antioxidants (Afonso et al., 2013; Bubonja-Sonje,
Giacometti, & Abram, 2011). It is composed of flavones (apigenin, genkwanin, hesperetin
and cirsimaritin), phenolic diterpenes (carnosic acid, carnosol, rosmadial, epirrosmanol,
rosmanol, carnosic acid o-quinone), and phenolic acids (caffeic acid and rosmarinic acid).
Carnosic acid is one of the most important compounds responsible for AO capacity of
rosemary (Bentayeb et al., 2007).
1.1.1. Green tea (Camellia sinensis L.)
Green tea has potent antioxidant capacity since it is a good source of polyphenolic
compounds like catechin, theaflavins and thearubigins (Castro López, De Dicastillo, Vilariño
& Rodríguez, 2013; López de Dicastillo, Castro-López, López-Vilariño & GonzálezRodríguez, 2013). It has the ability to scavenge reactive oxygen and nitrogen species
(Siripatrawan & Noipha, 2012). Before now, green tea extract has been a natural source of
antioxidant used successfully to prepare active packaging (Colon & Nerin, 2012).
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1.1.2. Grape fruit seed (Citrus paradisi)
Grape fruit seed extract is made from seeds and pulp of grape fruit and it contains
tocopherol, citric and ascorbic acids (Karre, Lopez, & Getty, 2013; Shah, Bosco & Mir,
2014). The AO and antimicrobial effects of this extract in different products such as ground
beef have been reported by Song, Shin, & Song (2012). This fruit has not been properly
explored for antioxidant extraction.
1.1.1. Barley husks (Hordeum vulgare L.)
Barley husks were also used to prepare an active food packaging due to their composition in
phenolic compounds (Pereira De Abreu et al., 2010; Pereira de Abreu, Maroto, Rodríguez &
Cruz, 2012; Pereira de Abreu, Rodriguez, & Cruz, 2012; Pereira de Abreu, Rodriguez,
Maroto, & Cruz, 2011). Barley is one of the most important cereals cultivated worldwide. The
grain is used in the brewing process and about 15–20% of the dry weight of the grain is the
husk of the spent grains and it has no purpose. After pre-hydrolysis and delignification of
barley husks, it is possible to obtain a rich AO extract. The main phenolic compounds of this
extract are p-coumaric and ferulic acid (Pereira de Abreu et al., 2010). Another work carried
out by Sanches-Silva et al., (2013) reported the incorporation of a potent AO, astaxanthin,
obtained from shrimp by-products in an LDPE matrix. Another work carried out by SanchesSilva et al., (2013), reported the incorporation of a potent AO, astaxanthin, obtained from
shrimp by-products in an LDPE matrix. These by-products were fermented and the silage
was centrifuged, originating three phases: a solid phase (from which chitin is obtained), a
liquid phase with proteins, minerals and free amino acids, and a lipid phase that contains
astaxanthin. Astaxanthin is a carotenoid with an AO activity 100–500 times higher than βcarotene and vitamin E, respectively. This compound is responsible for the pink-red colour of
salmonids and shellfish.
2. Mechanisms of Migration of Constituents from Packaging Materials into Food
A lot of work has been done on the extent of migration in food contact polymeric materials
(Joaquín Gómez-Estaca, López-de-Dicastillo, Hernández-Muñoz, Catalá, & Gavara, 2014c;
Nimse & Pal, 2015). Migration is a two-way process because constituents of the food may
migrate into the food packaging material. An example is the scalping of flavour compounds
from fruit juice by plastics. On the other hand, compounds present in the environment
surrounding the packaged food may be sorbed by the packaging and migrate into the food.
Thus, perfumes from soaps may be picked up by fatty foods under certain circumstances,
depending on the nature of packaging material and proximity of the two products at the time
of exposure (Tian et al., 2013). It is also possible that antioxidants may migrate from the
inner walls of packing materials into the foods they protect. Also, packaging materials which
contain residues of the polymerization process or additives used to facilitate processing of
the polymer material may migrate into food from the polymeric packaging material. These
various possibilities are illustrated in Figure 4, which represents schemes for the migration of
AOs into packaged lipid products.
In a study carried out by López-de-Dicastillo et al., (2012) on the migration of ascorbic and
ferulic acids in green tea extract from polymeric matrix, ethylene vinyl alcohol (EVOH) into
food simulants, it was found that the release of ascorbic and ferulic acids was higher in
aqueous simulants. But the release of quecitin and green tea extract was higher in ethanolic
simulant during a 30 day test period at 37oC. Furthermore, Wessling et al., (2000) while
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comparing the loss of α-tocopherol and butylated hydroxytoluene (BHT) antioxidants from
LDPE film into packaged oatmeal stored at 20 oC for 10 weeks, 30 oC and 40 oC for 8 days,
found out that BHT was rapidly lost at all temperatures while α-tocopherol was retained for a
longer period of time. The oatmeal had undergone the least change during the 8-10 weeks
storage period.

Active coating
Package
Food

(a.) Antioxidant
leaching in to the food
from the active
coating on the inner
wall of the package

Package/active substance mixture
Antioxidant
Food

Active coating
(b.) Antioxidants
leaching into the
food directly from
the active package

Outer layer

Food

Antioxidant

Antioxidant

Barrier
layer

Inner
layer

(c.) Antioxidant leaching
into the food from an
active coating barrier
between the outer
package layer and the
inner package layer

Package

Immobilized
active agent
Food

(d.) Antioxidant covalently
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Covalently bonded
agents on the inner wall of
active agent
the active package

Antioxidant

Figure 4: Schematic representation of different active packaging materials and methods of
AOs migration into lipid foods
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2.1.
Effects of Antioxidants on Active Polymer Film Properties
The concentration of antioxidant may affect active film properties leading to polymer film
degradation and reduced material performance properties with time. Such polymer material
properties that may be affected include mechanical, water vapour and oxygen permeability,
oxygen transfer rate (OTR), thermal and optical properties.
The effect of different concentrations of oregano essential oil (OEO) on the antioxidative and
antimicrobial activity of PLA / polytrimethylene carbonate (PTMC) prepared by solvent
casting was reported by Liu et al. (2016a). The blend, referred to as OEO/PLA/PTMC active
film blend exhibited a balanced antimicrobial, antioxidant, and barrier properties at 9 wt %
OEO. Active films of low density polyethylene (LDPE) infused with curcumin natural
antioxidants was reported to have improved tensile modulus of up to 21.24%, water vapour
barrier property of 51.48 % as well as good antioxidant capacity when compared to 2,2Diphenyl-1-picrylhydrazyl (DPPH) free radical (Zia, Sentahamizhan, Paul, Athanassiou &
Fragouli, 2018).
Miao, (2017), designed active films of poly(lactic acid) (PLA) with poly (hydroxy butyrate)
(PHB) synthetic antioxidant additive, for packaging oysters which were compared to ethylene
vinyl alcohol (EVOH) films. The results showed that active films of poly(lactic acid) (PLA)
infused with poly (hydroxy butyrate) (PHB) synthetic antioxidant had its overall properties
close to that of EVOH infused with poly (hydroxy butyrate) (PHB) synthetic antioxidant.
Furthermore, López-de-Dicastillo et al., (2012), produced EVOH active films infused with the
following antioxidants; ascorbic acid, ferulic acid, quercetin, and green tea extracts. The
active packages were used to package brined sardine. Only EVOH films infused with
ascorbic acid and ferulic acid resulted to significant decrease in water vapour permeability
while the other properties were not affected that much.
Byun, Kim, & Whiteside (2010) prepared PLA films infused with α-tocopherol, butylated
hydroxytoluene (BHT) and poly(ethylene glycol) (PEG). The introduction of PEG plasticizer,
reduced the glass transition temperature (Tg) of PLA, hence, increased the percentage
elongation of the films. This also increased water vapour permeability and decreased oxygen
permeability.
Active poly(vinyl alcohol) (PVOH) films were prepared with 0.5, 1, 1.5 and 2 % green tea
extract (GTE) additive (Chen, Xie, Yang, Zhang, Xu, Liu, & Chen, 2018). The films were
used to package dried eel. The effect of varying concentrations of green tea extract (GTE)
on the physical, structural and antioxidative property of the films were investigated. It was
reported that PVOH active films prepared with 2 % GTE produced the best material property
and protective effectiveness on the packaged eel during storage compared to those packed
with films prepared without GTE. The surface cross-section of the pure PVOH was observed
to be smooth, homogenous and light weight but those of the PVOH films prepared with GTE
were observed to be sparsely spotted, rough, uneven and dense with increasing GTE
concentration. DPPH scavenging ability of the films increased with concentration of GTE in
the PVOH films, indicating increased antioxidation capacity of the films. All the prepared
PVOH-GTE films exhibited better antioxidant ability as compared to the pure EVOH film.
3. Conclusion
Antioxidants are used to prevent food spoilage via chemical mechanisms of usurping oxygen
molecules. The synthetic antioxidants have served this purpose for years, but due to their
106

Iheaturu et al., The Use of Natural…

health risk concerns, there has been growing interest in natural sources of antioxidants due
to their presumed lower toxicity and higher safety. Such natural antioxidants are present in
food, spices, flavonoids, leaves, and stems of some shrubs and may be included in
polymeric materials to be used as active food packaging materials. The mechanism of antioxidation is achieved by scavenging the free radicals that deteriorate lipid foods, thereby
reducing hydrolysis and increasing oxidative stability of lipid food content over time. This
would mitigate oxidation and prolong the shelf-life of lipid foods packaged with the active
flexible polymeric materials. For now, there is no reported case of risks associated with
natural antioxidant extracts, instead its effect based on dosage, is seen on the property of
the active polymer material and the food it is meant to preserve. It is hoped that as
researches in this area continues, more facts on natural antioxidants would emerge that
would shape its legislation, regulation and application in active polymer packaging.
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