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Abstract 

The demand for natural antioxidant active packaging is increasing due to its 
unquestionable advantages compared with the addition of antioxidants directly 
to the food. Therefore, the search for antioxidants perceived as natural, namely 
those that naturally occur in herbs and spices, is a field attracting great interest. 
In line with this, in the last few years, natural antioxidants such as 𝛼-

tocopherol, caffeic acid, catechin, quercetin, carvacrol and plant extracts (e.g. 
rosemary extract) have been incorporated into food packaging. On the other 
hand, consumers and the food industry are also interested in active 
biodegradable/compostable packaging and edible films to reduce 
environmental impact, minimise food loss and minimise contaminants from 
industrial production and reutilisation by-products. The present review focuses 
on the natural antioxidants already applied in active food packaging, and it 
reviews the methods used to determine the oxidation protection effect of 
antioxidant active films and the methods used to quantify natural antioxidants 
in food matrices or food simulants. Lastly consumers' demands and industry 
trends are also addressed. 
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Introduction 

Food deterioration is responsible for the loss of quality and safety and it can occur during 
production, transport, processing or storage. Oxidation is the main cause of deterioration 
of foods and it considerably limits the shelf life of these products (Nerín et al. 2008). 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; (2) a 
decrease of the energy content; (3) the production of offflavours and odours; and (4) 
colour changes (degradation of pigments), which are important in the consumers' decision 
to purchase the food (Nerín et al. 2008). 

Due to the great economic impact of this phenomenon, the food industry is constantly 
looking for new methods to reduce the effects of oxidation. Although the reduction of 
oxygen content (by vacuum or modified atmosphere packaging) has an effect on the 
control of oxidation reactions, this is only partial because the oxygen dissolved in the food 
at the time of packaging is sometimes very difficult to or cannot be completely eliminated 
(López-de-Dicastillo et al. 2010). Therefore, the food industry has long recognised the 
importance of using antioxidants (AOs) for this purpose. According to European Union 
legislation, Directive 2006/52/EC (European Commission 2006), there are several AOs 
authorised to be used in foods. Most of the permitted AOs are artificial, such as butylated 
hydroxyanisole, butylated hydroxytoluene, tertbutylhydroquinone and propyl gallate, and 
their use is only authorised in processed food. 

One of the main roles of food packaging is to retard the natural processes that lead to food 
deterioration. AOs can be incorporated into food packaging and be released by a controlled 
mechanism of diffusion. The use of AOs in food packaging may delay both lipid oxidation 
and protein denaturation (Torres-Arreola et al. 2007). Packaging designed to foster 
desirable interactions with its content has been called active packaging. According to the 
European Union legislation for food packaging (European Commission 2004, 2009) (see 
the section 'Food contact material (FCM) legislation at both European Union and national 
levels' below), 'active food contact materials and articles are designed to deliberately 
incorporate "active" components that would release or absorb intended to be released into 
the food or to absorb substances into or from the packaged food or the environment 
surrounding the food'. 

Due to the increasing importance of active packaging, several reviews can be found in the 
literature regarding 

this subject (Appendini & Hotchkiss et al. 2002; LópezRubio et al. 2004; Ozdemir & Floros 
2004; Dainelli et al. 2008; Restuccia et al. 2010; Pereira de Abreu, Cruz, et al. 2012; 
Gómez-Estaca et al. 2014). 

According to Dainelli et al. (2008), active packaging can be classified in non-migratory 
active packaging that elicits a response without migration of the active compound into the 
food (oxygen absorbers are an example of these systems), 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 self-adhesive labels, sachets or be incorporated 
into the packaging monolayer or multilayer material. Research has also been devoted to 



grafting of AOs onto the polymer (Al-Malaika & Suharty 1995; Curcio et al. 2009; Spizzirri 
et al. 2009) or active packaging allowing a controlled migration of non-volatile agents or 
an emission of volatile compounds into the atmosphere surrounding the food. This 
innovative food packaging concept can extend the shelf life of 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 et al. 2006). The release mechanism provides a continuous replenishment 
of AOs to foods and therefore, can reduce the direct addition of chemicals to the food 
(Jongjareonrak et al. 2008; López-de-DiCastillo, Gómez-Estaca, et al. 2012). 

Several studies have reported that the addition of AOs to packaging increases food 
stabilisation (GrandaRestrepo, Peralta, et al. 2009; Peltzer et al. 2009; Pereira de Abreu 
et al. 2011c). Regarding the techniques for manufacturing active packaging, most of the 
times the 
polymers are mixed with the AOs and then converted (e.g. by extrusion or co-extrusion) 
into plastic films and sheets (Camo et al. 2011). 

Nowadays, especially due to consumers' demands, there is a tendency to search for natural 
AO molecules that are not related to possible toxicological side-effects, e.g. suspected 
carcinogenic potential (Imaida et al. 1983; Chen et al. 1992), but have the same AO 
properties as artificial molecules. The demand for AO-active packaging is increasing due 
to their unquestionable advantages compared with the addition of AOs directly to the food, 
which include the lower amount of active compounds required, an activity focused at the 
surface of the food, extended AO effect due to controlled migration from the film to the 
food matrix, simplification of industrial processing of the food (no need of additional steps 
such as mixing, immersion or spraying to include the active substances) (Bolumar et al. 
2011). 

Therefore, the search for AOs perceived as natural, namely those that naturally occur in 
herbs and spices, is a field that is attracting great interest by the scientific community due 
to their lower toxicity and higher safety (Nerín et al. 2006, 2008). In line with this, in the 
last years different pure standards of natural AOs were incorporated into food packaging 
such as 𝛼-tocopherol, caffeic acid, catechin (López-de-Dicastillo et al. 2010; López-
deDicastillo, Pezo, et al. 2012), quercetin (López-deDicastillo et al. 2010; López-de-
Dicastillo, GómezEstaca, et al. 2012; López-de-Dicastillo, Pezo, et al. 2012) or carvacrol 
(Figure 1). Sources of natural AOs were also incorporated in packaging for food 
applications: essential oils such as cinnamon (Cinnamomum zeylanicum L.), oregano 
(Origanum vulgare L.), clove (Syzygium aromaticum L.), rosemary (Rosmarinus 
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Figure 1. Chemical structures of some natural antioxidants incorporated in active food 
packaging: (a) 𝛼-tocopherol, CAS no. 59-02-9; (b) caffeic acid, CAS no. 331-39-5; (c) 
carvacrol, CAS no. 499-75-2; (d) quercetin, CAS no. 117-39-5; (e) catechin, CAS no. 154-
23-4; and (f) carnosic acid, CAS no. 3650-09-7. 
officinalis L.), ginger (Zingiber officinale Rosc.) and lemongrass (Cymbopogon citratus 
(DC.) Stapf.); extracts such as barley husks (Hordeum vulgare L.), green tea (Camellia 
sinensis L.), mint (Mentha spicata L.) and pomegranate peel (Punica granatum L.). Plant 
extracts can indeed impart a slight flavour that can be highly appreciated, for instance in 
the case of smoked fish (Gómez-Estaca et al. 2007). 



Food contact material (FCM) legislation 

at both European Union and national 

levels 

Any plastic material intended to come in contact with food must comply with the FCM 
legislation at both European Union and national levels. Regarding the European Union 
legislation for FCMs, it includes framework Regulation (EC) 1935/2004 (European 
Commission 2004), Regulation (EC) 2023/2006 on good manufacturing practices 
(European Commission 2006), Regulation (EU) 10/ 2011 on plastics (European 
Commission 2011), and in the case they are active or intelligent materials, also Regulation 
(EC) 450/2009 (European Commission 2009). Regulation (EC) 1935/2004, regarding all 
materials and articles intended to come into contact with food, establishes the general 
requirements for the safe use of active and intelligent packaging (European Commission 
2004). Regulation (EC) 450/2009 (European Commission 2009) lays down specific rules 
for active and intelligent materials and articles in addition to those of Regulation (EC) 
1935/2004. According to Regulations (EC) 1935/ 2004 and (EC) 450/2009, the release or 
absorption of substances should not mislead the consumer (e.g. by masking spoiled food) 
and they should be adequately labelled to indicate that the materials or articles are active 
and to identify the non-edible parts with the words 'Do not eat' or with a symbol. 
Moreover, these regulations also address the requirements for the authorisation of 
substances. First, the application requires a technical dossier containing specific 
information on the active substances. Secondly, EFSA carries out an evaluation and, based 
on this, the European Commission can grant a petitioner authorisation for the submitted 
active substances that will subsequently enter into legislation (European Commission 
2004; Restuccia et al. 2010). 

Regulation (EU) 10/2011 replaces the Plastics Directive (2002/72/EC) and its 
amendments, as various Directives on migration testing. Regulation (EU) 10/2011 
(European Commission 2011) is directly applicable in all European Union member states 
as of 1 May 2011, while the Plastics Directive (2002/72/EC) (European Commission 2002) 
requires the transposition into national laws of the individual member states. Once the 
industry requires time to establish compliance according to the new requirements 
(particularly the migration tests requirements), its implementation has a transitional 
period. 

There are two types of migration tests, overall migration (OM) tests and specific migration 
tests including both limits of migration, the overall limit of migration and the specific limit 
of migration (SML) (European Commission 2011). The results of these tests must comply 
with the corresponding limits, the overall migration limits (OML) and the SML. OML is 
the maximum permitted amount of non-volatile substances total mass transferred from 
the packaging to the food simulant, and the identity of the substances that migrate is not 
known. It is 10mgdm−2 of food contact surface area. This value corresponds to a cubic 
packaging containing 1 kg of food to a migration of 60mgkg−1 food. When the surface-to-
volume ratio is higher (in the case of small packaging), the resulting migration into food 
is higher. For instance, infants and small children have a higher consumption of food per 
kilogram bodyweight than adults and do not yet have a diversified nutrition. Therefore, 
OML should be linked to the limit in food and not to the surface area in the case of FCMs 
that are intended for packaging foods for infants and small children. 



SML is the maximum permitted amount transfer of one identified compound from the 
material or article to the food or food simulant and it is expressed in mg of substance per 
kg of food ( mgkg−1 ). Not all the substances included in the list of authorised substances 
to be used in the manufacture of plastic materials have a SML. In the case of substances 
that are unstable in food simulant or food or for which no adequate analytical method is 
available, it is indicated that verification of compliance should be undertaken by 
verification of residual content of a monomer or additive in the material per 6dm2 of 
contact surface (European Commission 2011). According to Regulation (EU) 10/2011 on 
plastics (European Commission 2011), the OM test is not mandatory for dry foods but SM 

tests are. In this case simulant E (Tenax  (𝑅), poly (2,6-diphenyl-p-phenylene oxide) 
polymer) should be used. 

Generally, very low levels of AOs are found in the food or food simulants tested, therefore 
accurate and very sensitive analytical methods are essential to determine the migration of 
monomers or additives from FCMs to food or food simulants (Tovar et al. 2005). Also, it 
is important to know the amount of AO required to stabilise the food in order to simulate 
the amount of AO that should migrate from the packaging into the food. 

Regulation (EU) 10/2011 introduces several new definitions related to plastic food contact 
materials. For example, although the term 'non-intentionally added substance' (NIAS) has 
been used to generically describe impurities present in the FCMs that can migrate to foods, 
it was not previously defined by regulation. Regulation (EU) 10/ 2011 provides a broader 
definition for NIAS (e.g. including substances that can be formed during the manufacture 
of FCMs), and specifies the obligation of the manufacturer to ensure safety of FCMs even 
in the case that they may contain and release NIAS (European Commission 2011). 

Natural antioxidants already applied in 

active food packaging 

The most recent contributions on active packaging with natural AOs have been reviewed 
in order to understand the near future tendencies in the field of AO active food packaging. 
Natural AOs can be used in the packaging with the aim of (1) having an action in the 
packaging or (2) with the intention of being released into the food to avoid its oxidation. 
Therefore in the first case, natural AOs should respect the packaging legislation and, in 
the second case, they should respect the food legislation (Community or national 
provisions) (European Commission 2009; Regulation (EC) 450/2009). 

Tocopherols are classified as substances generally recognised as safe for food products 
according to the Code of Federal Regulations (FDA 2013). 𝛼-tocopherol is one of the most 
used AOs to protect the polymer during processing and as an additive for active packaging 
(Siró et al. 2006). Table 1 summarises some of the applications of 𝛼-tocopherol in food 
packaging. Granda-Restrepo, SotoValdez, 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. 

During storage, the concentration of 𝛼-tocopherol in the polymer decreases due to its 
diffusion to the film surface and consequent migration at the surface to the inner 



atmosphere of the packaging or directly to the food. The rate of migration can be slowed 
by using a film layer that has low diffusion into the AO (Wessling et al. 1998) or through 
the use of cyclodextrin (Wood 2001; Astray et al. 2009). Incorporation of 𝛼-tocopherol in 
polymers has been widely investigated, but not much in biopolymers (Jongjareonrak et al. 
2008). 

Carvacrol has also been used to prepare active packaging but it has the drawback of the 
potential sensory effects in foods. Quercetin and catechin are two non-volatile flavonoids; 
this is a great advantage compared with other AOs because it reduces the loss of agent 
during packaging manufacturing (López-de-DiCastillo, Pezo, et al. 2012). 

Regarding the addition of plant or fruit extracts to polymer matrices, this can greatly 
improve their properties, like antimicrobial or AO capacities (Almenar et al. 2007; López 
et al. 2007; Nerín et al. 2008) and some physicochemical properties such as mechanical 
properties, colour or water vapour barriers. 

The composition of the essential oils can vary considerably according to the plant variety, 
the processing and drying procedures, and the climate. This originates great differences 
among batches, therefore the AO properties of the final packaging should be measured 
and controlled (Bentayeb et al. 2009). 

Rosemary extract is one of the plant extracts that has already been incorporated into food 
packaging. Rosemary (Rosmarinus officinalis) is a member of the Lamiaceae family. 
Traditionally it has been used in both food and medicine due to its organoleptic and 
medical properties. It is composed by 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. Some 
of the other phenolic diterpenes are degradation products of carnosic acid and are part of 
the so-called 'cascade of carnosic acid'. Several authors have reported the effectiveness of 
rosemary in delaying the lipid oxidation, for instance of meat (Sánchez-Escalante et al. 
2001; O'Grady et al. 2006) or in maintaining the quality of fresh-cut pears (Xiao et al. 
2010). 

Oregano extract has also been incorporated into food packaging. Oregano is obtained by 
drying leaves and flowers of Origanum vulgare, a plant used to yield a characteristic aroma 
and taste. The oregano essential oil has both antimicrobial and AO properties. The main 
constituents of oregano essential oil are carvacrol, thymol, 𝑝-cymene and 𝑐-terpinene. One 
of the most potent AOs present in the oregano is rosmarinic acid (Camo et al. 2011). 
Bentayeb et al. (2009) have confirmed the effectiveness of the films with oregano extract 
when comparing the AO capacity of various natural extracts incorporated in active 
packaging. Therefore, oregano essential oil has been used to prepare active packaging that 
was efficient in increasing beef shelf life (Camo et al. 2011). 

Green tea has potent AO capacity since it is a good source of polyphenolic compounds like 
catechin, theaflavins and thearubigins, which have the ability to scavenge reactive oxygen 
and nitrogen species (Siripatrawan & Harte 2010). Therefore, green tea extract has already 
been used successfully to prepare active packaging (López-de-Dicastillo et al. 2011; Colon 
& Nerín 2012) and active edible films (Siripatrawan & Harte 2010; Siripatrawan & Noipha 
2012). 



Grapefruit seed extract is made from seeds and pulp of grapefruit and it contains 
tocopherol, citric and ascorbic acids (Song et al. 2012). The AO and antimicrobial effects 
of this extract in different products such as ground beef have been reported (Song et al. 
2012). 

Barley husks were also used to prepare an active food packaging due to their composition 
in phenolic compounds. 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 useful purpose. After 
Table 1. Films with 𝛼-tocopherol. 

Type 
of 
packag
ing 

Polymeri
c matrix 

Complex
ation of 
𝛼-
tocopher
ol with 
other 
molecule
s 

Other 
antioxid
ants 
used 

Food 
matrix 
or food 
simula
nts 
used 

Results Reference 



Plastic LDPE  BHT 

Sunflo
wer oil 
95% 
ethanol 
(v/v) 

𝛼-
tocophero
l 
migration 
from 
LDPE 
films was 
slower 
than BHT, 
being a 
more 
stable 
antioxida
nt Active 
packaging 
with 𝛼-
tocophero
l could 
increase 
oxidation 
stability of 
the 
products 
and 
prolong 
shelf life 
𝛼-
tocophero
l-
impregnat
ed LDPE 
film 
apparentl
y could 
not 
prolong 
shelf life 
of oatmeal 

Wessling 
et al. 
(1998) 

Plastic LDPE  BHT 
Oatme
al 

 
Wessling 
et al. 
(2000) 



Coatin
g 
polym
er 

EVA  Nisin 

Milk 
cream 
Model 
emulsi
on 
(66% 
water, 
32% 
paraffi
n oil 
with 
2% 
emulsif
ier) 

𝛼-
tocophero
l 
incorpora
tion 
retarded 
lipid 
oxidation 
and 
showed a 
potential 
for 
preservin
g food 
quality in 
terms of 
chemical 
quality 
and 
microbial 
growth, 
prolongin
g shelf life 
of foods 

Lee et al. 
(2004) 

Plastic LDPE 

Free or 
complexe
d with 𝛽-
cyclodext
rin 

 
95% 
ethanol 
(v/v) 

Complexa
tion by 𝛽-
cyclodextr
in allowed 
a 
controlled 
release of 
𝛼-
tocophero
l and the 
migration 
was 
slower 
compared 
with free 
𝛼-
tocophero
l 

Siró et al. 
(2006) 



Edible 
film 

Fish 
skin-
based 
gelatin 

 BHT  

Films 
incorpora
ted with 
𝛼-
tocophero
l showed 
increased 
antioxidat
ive 
activity 
with 
increasing 
storage 
time and 
were able 
to retard 
lard 
oxidation 
increasing 
storage 
time and 
were able 
to retard 
lard 
oxidation 

Jongjareo
nrak et al. 
(2008) 

Plastic 

HDPE 
(BHA or 
𝛼-
tocopher
ol) 
EVOH/L
DPE 
(BHT) 
Composi
te of 
HDPE/ 
EVOH/L
DPE with 
BHT and 
𝛼-
tocopher
ol 

 
BHA 
BHT 

Whole 
milk 
powder 

 

Granda-
Restrepo, 
Peralta, et 
al. (2009) 



Plastic LDPE   
Corn 
oil 

LDPE 
films 
containin
g 𝛼-
tocophero
l in 
concentra
tions 
between 
19 and 
30mgg−1 
maintaine
d the 
oxidative 
stability of 
the oil 
during 
storage at 
30∘C 

Graciano-
Verdugo 
et al. 
(2010) 

Plastic LLDPE 

Free or 
complexe
d with 𝛽-
cyclodext
rin 

Querceti
n (free or 
complex
ed with 
𝛽-
cyclodex
trin) 

Coconu
t oil 
95% 
ethanol 
(v/v) 

The 
diffusion 
coefficient 
of 𝛼-
tocophero
l can be 
reduced 
in its 
inclusion 
complexe
d form. 
Controlle
d-release 
packaging 
allows an 
optimal 
antioxida
nt 
concentra
tion 
delivery 
and 
achievem
ent of 
prolonged 
activity 

Koontz et 
al. (2010) 

 

Table 1. Continued. 



Type of 
packagi
ng 

Polyme
ric 
matrix 

Complexat
ion of 𝛼-
tocopherol 
with other 
molecules 

Other 
antioxida
nts used 

Food 
matrix 
or food 
simula
nts 
used 

Results 
Referen
ce 

Plastic PET  
Citrus 
extract 

Turkey 
meat 

The 
results of 
TBARS 
analysis 
of 
samples 
stored on 
𝛼-
tocophero
l trays 
showed 
that this 
packaging 
was not 
effective 
on 
delaying 
lipid 
oxidation 

Contini 
et al. 
(2012) 

Blend 
polyme
r 

LDPE/
PP 

  

Linolei
c acid 
95% 
ethanol 

LDPE/PP 
blending 
may allow 
a 
modulatio
n of the 
release of 
tocophero
l 
optimisin
g 
antioxida
nt 
effectiven
ess 

Zhu et 
al. 
(2012) 

 

Note: BHA, butylated hydroxyanisole; BHT, butylated hydroxytoluene; EVA, ethylene-
vinyl acetate copolymer; EVOH, ethylene-vinyl alcohol copolymer; HDPE, high-density 
polyethylene; LDPE, low-density polyethylene; LLDPE, linear low-density polyethylene; 
PET, polyethylene terephthalate; PP, polypropylene; and TBARS, thiobarbituric acid 
reactive substances assay. 
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. 2011b). In a new development, LDPE films were coated with two different 



concentrations of barley husks extracts with AOs properties. The coated LDPE films were 
used to package fish samples like salmon (Pereira de Abreu et al. 2010), halibut (Pereira 
de Abreu et al. 2011a), blue shark (Pereira de Abreu et al. 2011c), hake (Pereira de Abreu 
et al. 2011b) and cod (Pereira de Abreu, Maroto, et al. 2012), and its ability to protect 
against oxidative processes was demonstrated. 

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. 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 10 and 100-500 times higher than 𝛽-
carotene and vitamin E , respectively. Moreover, this compound is responsible for the 
pink-red colour of salmonids and shellfish. LDPE films were prepared with different 
amounts ( 2%, 3% and 4%w/w ) of the lipid fraction of fermented shrimp waste by 
extrusion in order to evaluate further their astaxanthin migration from the plastic samples 
into fatty food simulants. Strips of plastic films ( 10 cm2 ) containing the lipid fraction of 
fermented shrimp waste were used to carry out the migration tests. Migration tests were 
carried out at 40∘C for 10 days and at 70∘C for 2 days with isooctane and ethanol 95%(v/v) 
in aqueous solution as fatty food simulants. Strips were fully immersed in 10 ml of 
simulant. Isooctane extracts were evaporated to dryness in a rotary evaporator, 
redissolved in 10 ml of methanol, while ethanol 95%(v/v) extracts were directly injected 
into the ultra-performance liquid chromatography (  UPLC  ® ). For each film, three 
independent tests were carried out in order to measure astaxanthin as a result of its 
migration into food simulants. Astaxanthin migration into the tested fatty food simulants 
from LDPE films (produced by extrusion with the lipid fraction of the fermented shrimp 
waste) was not detected ( < 0.054𝜇 gml−1 ). 

Methods used to determine the 

oxidation protection effect of the 

natural antioxidant-active film 

The AO capacity of food is influenced by its composition/ nature, the packaging film type 
and the atmosphere in the inner inside of the packaging (Bentayeb et al. 2009). The AO 
properties of the film depend on the AOs incorporated, the thickness of the film and the 
nominal concentration of the AOs in the film. Although the AO capacity 
increases with the concentration of the incorporated AOs, this is not linear. Bentayeb et 
al. (2009) reported that for higher concentrations the slope is smoother, probably due to 
an interaction between the AOs and the film or a loss of AOs during the manufacturing of 
the active films. 

Radical scavenging capacity 2,2-diphenyl-1-picrylhydrazyl (DPPH•) is the most common 
test used to evaluate the AO activity of the extracts, essential oils or compounds 
incorporated into the films (Tables 2 and 3). Thiobarbituric acid reactive substances assay 
(TBARS) is the most used for the determination of the degree of protection given to the 
foodstuffs, although other methods are also used (peroxide value, free fatty acids, 
conjugated dienes and conjugated triene hydroperoxides, 𝑝-anisidine value and hexanal 



analysis). Most of the methods mentioned are global and non-specific, therefore there is 
no consensus on the best test and it is essential to use several methods in parallel in any 
study of the AO activity or the lipid oxidation state. 

Methods used to quantify natural 

antioxidants in food matrices or food 

simulants 

Due to its health implications, migration of substances from packaging into foods has been 
the target of reviews (Lau & Wong 2000; Arvanitoyannis & Bosnea 2004; Sanches-Silva 
et al. 2006; Arvanitoyannis & Kotsanopoulos 2014) and books (Cooper 2007; Rijk 2007; 
Veraart & Coulier 2007; Franz & Störmer 2008; Veraart 2010). Some of the papers 
dedicated to the development of active packaging with natural AOs have carried out 
migration tests to allow the verification of active compound release from the films in the 
worst conditions that can be foreseen in its real application. Specific migration tests are 
done either in food matrices or in food simulants. Depending on the polarity of the 
migrant, greater migration levels can be achieved in aqueous or fatty foods/food simulants 
(Table 3). For AO determination and quantification in foods or food simulants, HPLC is 
the most used technique. Increased shelf life was obtained in most cases by means of 
controlled AO release. 

Consumers' demands and industry 

trends: biodegradable and edible films 

In the design of natural AO active materials systems for food packaging, four types of 
plastics materials could be used as matrices. The commercially available plastics can be 
(Mecking 2004; Reddy et al. 2012; Peelman et al. 2013; Reddy et al. 2013): (1) non-bio-
based non-biodegradable conventional plastic materials - e.g. polyethylene (PE), 
polypropylene (PP), poly (ethyleneterephthalate) (PET), and polystyrene (PS); (2) 
biobased biodegradable plastic materials - e.g. poly(lactic 
acid) (PLA), poly(hydroxybutirate) and (PHB), chitosan); (3) bio-based non-
biodegradable plastic materials - e.g. the commonly advertised as 'green' PE, PP and PET; 
and (4) non-bio-based biodegradable plastic materials - e.g. aliphatic-aromatic polyesters 
and polycaprolactone (PCL). 

The last three categories are usually called 'bioplastics’ (Reddy et al. 2012, 2013; Peelman 
et al. 2013), following the European Bioplastics Organisation's definition. Bio-based 
plastics materials are obtained from renewable resources (e.g. sugarcane bagasse, corn, 
other natural feedstock). Non-bio-based plastics materials are manufactured from non-
renewable resources (oil and natural gas). 

Due to environmental motivation there is increasing interest in the use of 
biodegradable/compostable packaging and/or edible materials. This tendency increases 
when materials come from industrial waste or renewable resources (Gómez-Guillén et al. 
2007). Edible films can be protein-based (casein, collagen, corn zein, gelatin, wheat 
gluten, whey protein and soy protein), carbohy-drate-based (alginate, cellulose, chitosan, 



starch), or made from lipids or fruit biomass (Gómez-Estaca et al. 2007; Pruneda et al. 
2008). 

Gelatin was one of the first materials used in edible films. It is obtained by physical, 
chemical or biochemical denaturation and hydrolysis of collagen present in bones or skins 
(Gómez-Guillén et al. 2007; Andevari & Rezaei 2011). Gelatin is used to improve the 
elasticity, consistency and stability of food products, but it can also be used as a film to 
protect foods from drying, light and oxygen. It has good qualities as a material for food 
contact purposes like transparency, absence of colour and flavour, reversibility at a 
melting point close to body temperature and easy dissolution (Gómez-Guillén et al. 2007; 
Song et al. 2012). It is also economic (although the cost is higher than that of plastic films), 
abundant and it has good functional properties. All these advantages made gelatin one of 
the first matrices used to release AOs. Gelatin may be used pure or in combination with 
other biopolymers. Although mammal gelatins (bovine and porcine) are generally used 
due to their better rheological properties, fish gelatin has the advantage of not transmitting 
diseases such as spongiform encephalopathy (Gómez-Guillén et al. 2007). Fish gelatine 
(from tuna) has also been used to prepare transparent edible films with acceptable 
mechanical and barrier properties to water vapour and ultraviolet (UV) light and with AO 
capacity due to the addition of natural extracts with a high polyphenol content (Gómez-
Guillén et al. 2007). 

Soy protein films have poor water barrier properties, although they are good oxygen and 
lipid barriers. However, to enhance their properties, food additives can be added to edible 
films. Pruneda et al. (2008) have developed a soy-based edible film with Mexican oregano 
Table 2. Films with natural antioxidants. 
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nts 
in 
food
s or 
food 
simu
lants 

Resu
lts 

Ref
ere
nce 



LD
PE 

B
ar
le
y 
h
us
ks 

  

Atla
ntic 
halib
ut 
(Hip
pogl
ossu
s 
hipp
oglos
sus) 

 

Peroxi
de 
value. 
Free 
fatty 
acids. 
TBARS
. 
Conjug
ated 
dienes 
and 
triene 
hydrop
eroxide
s. P-
anisidi
ne 
value 

  

The 
antio
xida
nts 
from 
barle
y 
husk
s 
have 
been 
show
n to 
be 
effec
tive 
in 
slowi
ng 
lipid 
hydr
olysi
s and 
incre
asin
g 
oxid
ative 
stabi
lity 
of 
halib
ut 

Per
eir
a 
de 
Abr
eu 
et 
al. 
(20
11a
) 



EV
OH 

G
re
en 
te
a 
ex
tr
ac
t 

Que
rcet
in. 
Asc
orbi
c 
acid
. 
Fer
ulic 
acid 

DP
PH• 

Wate
r. 
Etha
nol 
10%(v/
v). 
Etha
nol 
95% 
(v/v)
. 
Brin
ed 
sardi
nes 

 

Peroxi
de 
value. 
TBARS 

EV
OH 
fil
ms 
we
re 
im
me
rse
d 
in 
the 
thr
ee 
diff
ere
nt 
sim
ula
nts 
at 
37∘C
, 
for 
30 
day
s 

UV-
Vis 
spect
rosc
opy 

The 
relea
se of 
asco
rbic 
and 
ferul
ic 
was 
high
er in 
aque
ous 
simu
lants 
and 
the 
relea
se of 
quer
cetin 
and 
gree
n tea 
extra
ct 
was 
high
er in 
etha
nolic 
simu
lant. 
The 
film 
with 
gree
n tea 
extra
ct 
was 
the 
most 
effec
tive 

Ló
pez
-
de-
DiC
asti
llo, 
Gó
me
z-
Est
aca
, et 
al. 
(20
12) 



EV
OH 

 

Cat
echi
n. 
Que
rcet
in 

DP
PH• 

Wate
r. 
Etha
nol 
10%(v/
v). 
Etha
nol 
95% 
(v/v)
. 
Isoo
ctan
e. 
Frie
d 
pean
uts 

 

Peroxi
de 
value. 
Hexan
al 
analysi
s 
(GC/M
S). 
HPLCF
L 
determ
ination 
of the 
2,5dihy
droxyb
enzoic 
acid 
formed 

  

Both 
bioa
ctive 
antio
xida
nts 
were 
extra
cted 
by 
etha
nol. 
In 
aque
ous 
and 
alco
holic 
food 
simu
lants 
their 
relea
se 
was 
great
er in 
the 
case 
of 
the 
catec
hin 
cont
ainin
g 
sam
ples 

Ló
pez
-
de-
DiC
asti
llo, 
Pez
o, 
et 
al. 
(20
12) 



LD
PE
/P
P 

 

𝛼-
toco
phe
rol. 
𝛽-
toco
phe
rol. 
𝛾-
toco
phe
rol. 
𝛿-
toco
phe
rol 

 

95% 
etha
nol 
(v/v)
. 
Linol
eic 
acid 

 

Conjug
ated 
dienes 
(deter
mined 
by UV 
spectro
scopy 
in 
linoleic 
acid 
simula
nt) 

Th
e 
fil
m 
wa
s 
im
me
rse
d 
in 
eth
an
ol 
95
% 
at 
40∘C
, 
an
d 
in 
lin
olei
c 
aci
d 
un
der 
rot
ary 
sha
kin
g 
an
d at 
40∘C 

HPL
C-
DAD 
(for 
both 
simu
lants
) 

Toco
pher
ol 
relea
se 
was 
slow
er in 
LDP
E/P
P 
blen
d 
films
, 
corre
spon
ding 
to 
lowe
r 
toco
pher
ol 
diffu
sivit
y 
and 
bette
r 
antio
xida
nt 
effec
tiven
ess 

Zh
u et 
al. 
(20
12) 

 

Note: ABTS•+, 2,2'-azino-bis (3-ethylbenzothiazoline); AO, antioxidant; BHA, butylated 
hydroxyanisole; BHT, butylated hydroxytoluene; DPPH•, 2,2-diphenyl-1-picrylhydrazyl; 
ESR, electron spin resonance spectroscopy; EVOH, ethylene-vinyl alcohol copolymer; 
HDPE, high-density polyethylene; HPLC-DAD, high-performance liquid chromatography 
coupled to diode array detector; HPLC-Fl, high-performance liquid chromatography 
coupled to fluorescence detector LDPE, low-density polyethylene; LLDPE, linear low-
density polyethylene; m-PE, metallocene polyethylene; ORAC, oxygen radical absorption 
capacity assay; PE, polyethylene; PP, polypropylene; PET, polyethylene terephthalate; RP-
HPLC, reverse phase high-performance liquid chromatography; SPE, solid-phase 
extraction; SPME, solid-phase microextraction; and TBARS, thiobarbituric acid reactive 
substances assay. 
Table 3. Biodegradable and/or edible films. 



Ty
pe 
of 
pol
ym
er 

Poly
mer
ic 
mat
rix 

Sour
ce of 
AO 
or 
AO 
add
ed 
dire
ctly 

Food 
matr
ix or 
food 
simu
lants 
used 

Metho
ds to 
deter
mine 
the 
antiox
idant 
activit
y of 
the 
active 
films 

Met
hod 
to 
deter
mine 
speci
fic 
antio
xida
nt 
com
poun
ds 

Met
hod 
to 
dete
rmi
ne 
the 
oxid
atio
n 
prot
ecti
on 
effe
ct of 
the 
acti
ve 
film 
in 
food 
or 
food 
sim
ulan
ts 

Resul
ts 

Other 
prope
rties 
of the 
active 
film 
besid
es 
antiox
idant 
activit
y 

Refer
ence 



Co
ati
ng 
pol
ym
er 

EVA 

Nisi
n 
and
/or 
𝛼-
toco
pher
ol 

Milk 
crea
m. 
Mod
el 
emul
sion 
(66
% 
wate
r, 
32% 
para
ffin 
oil 
with 
2% 
emul
sifier
) 

  
TBA
RS 

Nisin 
incor
porati
on 
confe
rred 
antim
icrobi
al 
prope
rties 
and 
𝛼-
tocop
herol 
incor
porati
on 
retard
ed 
lipid 
oxida
tion. 
The 
combi
ned 
inclus
ion 
could 
provi
de 
both 
functi
ons 

Antim
icrobi
al 
activit
y 

Lee et 
al. 
(2004
) 



Edi
ble 
fil
m 

Mil
k 
prot
ein-
base
d 
film
s 

Esse
ntial 
oils: 
oreg
ano 
and
/or 
pim
ento 

Beef 

Folin-
Ciocal
teu 
(total 
pheno
lic 
conte
nt) 
DPD 
colori
metric 
metho
d 

 
TBA
RS 

Orega
no-
based 
films 
stabili
sed 
lipid 
oxida
tion 
and 
pime
nto-
based 
films 
demo
nstrat
ed the 
highe
st 
antio
xidan
t 
activit
y 

Antim
icrobi
al 
activit
y 

Oussa
lah et 
al. 
(2004
) 



Edi
ble 
fil
m 

Tun
a-
fish 
gela
tin 

Mur
ta 
extr
acts 
(Ug
ni 
moli
nae 
Turc
z). 
Two 
ecot
ypes
: SG 
and 
SC 

 

DPPH
• SDS-
linolei
c acid 
FRAP. 
Folin
Ciocal
teu 
(this 
metho
d was 
applie
d just 
to 
aqueo
us 
extrac
ts of 
murta 
leaves
) 

  

Films 
contai
ning 
murta 
extrac
ts had 
the 
antio
xidan
t 
capac
ity 
increa
sed 
five-
fold. 
Films 
contai
ning 
SC 
had 
highe
r 
antio
xidan
t 
capac
ity, 
but 
the 
mech
anical 
prope
rties 
decre
ased 
due to 
a 
highe
r 
conte
nt of 
polyp
henol
s 

 

Góme
zGuill
én et 
al. 
(2007
) 



Edi
ble 
fil
m 

Gel
atin
-
base
d 
film 
with 
plan
t 
extr
acts 
or 
chit
osa
n 

Ros
ema
ry 
and 
oreg
ano 
extr
acts 

Smo
ked 
sardi
ne 
(Sar
dina 
pilch
ardu
s) 

  

Pero
xide 
inde
x. 
Free 
fatty 
acid
s. 
TBA
RS. 
Tota
l 
phe
nols
. 
FRA
P. 
TVB
-N 

The 
active 
edible 
films 
decre
ased 
lipid 
oxida
tion 
levels 
and 
increa
sed 
the 
phen
ol 
conte
nt of 
the 
muscl
e 

Antim
icrobi
al 
activit
y 
(gelati
n-
chitos
anbas
ed 
films) 

Góme
z-
Estac
a et al. 
(2007
) 

 

Table 3. Continued. 



Ty
pe 
of 
pol
ym
er 

Poly
meric 
matri
x 

Sou
rce 
of 
AO 
or 
AO 
add
ed 
dire
ctly 

Foo
d 
mat
rix 
or 
foo
d 
sim
ula
nts 
use
d 

Metho
ds to 
deter
mine 
the 
antioxi
dant 
activit
y of the 
active 
films 

Meth
od to 
deter
mine 
speci
fic 
antio
xida
nt 
com
poun
ds 

Me
tho
d to 
det
er
mi
ne 
the 
oxi
dati
on 
pro
tect
ion 
effe
ct 
of 
the 
acti
ve 
fil
m 
in 
foo
d or 
foo
d 
sim
ula
nts 

Results 

Oth
er 
pro
pert
ies 
of 
the 
acti
ve 
film 
besi
des 
anti
oxid
ant 
acti
vity 

Refer
ence 



Ed
ibl
e 
fil
m 

Fish 
skin-
based 
gelati
n 

𝛼-
toco
phe
rol 
or 
BH
T 

Lar
d 

DPPH
• 

 

TB
AR
S. 
Per
oxi
de 
val
ue 

Antioxid
ative 
activity 
of fish 
skin 
gelatin 
films 
incorpor
ated with 
𝛼 
tocopher
ol 
increase
d with 
increasin
g storage 
time. 
Films 
with 𝛼-
tocopher
ol 
demonst
rated a 
preventi
ve effect 
on lard 
oxidatio
n 

 

Jongj
areo
nrak 
et al. 
(200
8) 



Ed
ibl
e 
fil
m 

Chito
san 
Carb
oxym
ethyl 
cellul
ose 
Casei
n 

Oliv
e, 
rose
mar
y, 
oni
on, 
cap
sicu
m, 
cra
nbe
rry, 
garl
ic, 
oreg
anu
m 
and 
oreg
anu
m + 
carv
acro
l 5% 

But
tern
ut 
squ
ash 
(Cu
cur
bita 
mos
cha
ta). 
Ro
mai
ne 
lett
uce 
(La
ctuc
a 
sati
va 
L.). 
But
ter 
lett
uce 
(La
ctuc
a 
sati
va) 

Peroxi
dase 
activit
y. 
Polyph
enolox
idase 
activit
y 

  

Chitosan 
enriched 
with 
rosemar
y and 
olive 
improve
d the 
antioxid
ant 
protectio
n of 
minimall
y 
processe
d squash, 
showing 
the 
possibilit
y of 
preventi
ng 
oxidatio
n in fruit 
and 
vegetabl
es 

 

Ponc
e et 
al. 
(200
8) 

Ed
ibl
e 
fil
m 

Plasti
cised 
soy 
prote
in 
isolat
e 
films 

Mex
ican 
oreg
ano 
(Lip
pia 
grav
eole
ns) 

 

DPPH 
⋅. 
Electro
chemic
al 
genera
tion of 
H2O2 

  

The 
oregano 
SPI films 
exhibited 
antioxid
ant 
propertie
s in a 
concentr
ationdep
endent 
fashion 

 

Prun
eda 
et al. 
(200
8) 



Ed
ibl
e 
fil
ms 

Tuna
-skin 
gelati
ne. 
Bovi
ne-
hide 
gelati
n 

Ore
gan
o or 
rose
mar
y 
extr
acts 

 

Folin-
Ciocalt
eu. 
FRAP. 
ABTS 

HPL
C-
DAD 
(iden
tifica
tion 
of 
poly
phen
ols in 
extra
cts of 
rose
mary 
and 
oreg
ano) 

 

The 
antioxid
ant 
capacity 
of both 
gelatins 
can be 
increase
d by 
adding 
oregano 
and 
rosemar
y 
polyphen
ol-rich 
extracts 

 

Góm
ez-
Estac
a et 
al. 
(200
9) 

 

Table 3. Continued. 

Type 
of 
poly
mer 

Poly
meric 
matri
x 

Sou
rce 
of 
AO 
or 
AO 
add
ed 
dire
ctly 

Food 
matri
x or 
food 
simul
ants 
used 

Meth
ods 
to 
deter
mine 
the 
antio
xidan
t 
activi
ty of 
the 
activ
e 
films 

Met
hod 
to 
dete
rmi
ne 
spec
ific 
anti
oxid
ant 
com
pou
nds 

Met
hod 
to 
det
erm
ine 
the 
oxi
dati
on 
pro
tect
ion 
effe
ct 
of 
the 
acti
ve 
film 
in 
foo
d or 
foo
d 
sim
ula
nts 

Resul
ts 

Othe
r 
prop
ertie
s of 
the 
activ
e 
film 
besid
es 
antio
xida
nt 
activi
ty 

Refe
renc
e 



Synt
hetic 
biode
grada
ble 
plasti
c 

Cellul
ose 
aceta
te 
films 
with 
differ
ent 
conce
ntrati
ons of 
the 
poly
mer 

L-
asco
rbic 
acid 
or 
L-
tyro
sine 

Water 

ABTS
•+ 
(film 
samp
les 
conta
cted 
with 
ABTS
•+ 
free 
radic
al 
soluti
on 
for 
the 
deter
mina
tion 
of 
imm
obilis
ed 
antio
xidan
t 
activi
ty) 

 

AB
TS•
+ 
(fil
m 
sam
ples 
con
tact
ed 
wit
h 
wat
er 
sim
ula
nt 
bef
ore 
the 
ass
ay) 

L-
tyrosi
ne-
conta
ining 
films 
demo
nstrat
ed 
great
er 
immo
bilise
d 
antio
xidan
t 
activi
ty 
than 
L-
ascor
bic 
active 
films 
and 
Ltyro
sine 
releas
ed to 
water 
in a 
slowe
r rate. 
The 
antio
xidan
ts 
confe
rred 
differ
ent 
morp
holog
ical 
and 
mech
anical 
prope
rties 
to the 

 

Gem
ili et 
al. 
(201
0) 



films 
and 
the 
variat
ion of 
the 
struct
ural 
chara
cteris
tics of 
the 
films 
allow
ed a 
contr
olled 
releas
e of 
the 
antio
xidan
ts 

Edibl
e film 

Chito
san 
coati
ng 
with 
or 
witho
ut 
cinna
mon 
oil 

Cin
na
mo
n 
esse
ntia
l oil 

Rainb
ow 
trout 
(Onco
rhync
hus 
mykis
s) 

  

Per
oxi
de 
val
ue. 
TV
B-
N. 
TB
AR
S 

Chito
san 
incor
porat
ed 
with 
cinna
mon 
oil 
prolo
nged 
the 
shelf 
life of 
trout 

Anti
micr
obial 
activi
ty 

Ojag
h et 
al. 
(201
0) 



Edibl
e 
films 

Chito
san 

Indi
an 
goo
seb
erry 
extr
act 

 

Folin
-
Cioca
lteu 
𝛽-
carot
ene 
bleac
hing 
meth
od 

  

The 
releas
e 
chara
cteris
tics, 
swelli
ng 
and 
functi
onal 
group 
intera
ction 
of the 
antio
xidan
t 
films, 
as 
asses
sed 
by 
FTIR 
spect
rosco
py, 
were 
found 
to be 
affect
ed by 
the 
dryin
g 
meth
ods 
and 
condi
tions, 
as 
well 
as the 
conce
ntrati
on of 
the 
extra
ct 

Anti
micr
obial 
activi
ty 

May
achi
ew 
and 
Deva
hasti
n 
(201
0) 



Edibl
e film 

Chito
san 

Gre
en 
tea 
extr
act 

 

DPP
H • 
Folin
Cioca
lteu 

  

Antio
xidan
t 
activi
ty 
was 
15-
fold 
highe
r in 
chitos
an 
films 
conta
ining 
green 
tea 
extra
ct 
than 
chitos
an 
contr
ol 
films 

 

Sirip
atra
wan 
and 
Hart
e 
(201
0) 

 

Table 3. Continued. 

Ty
pe 
of 
pol
ym
er 

Pol
yme
ric 
mat
rix 

Sour
ce of 
AO 
or 
AO 
adde
d 
direc
tly 

Foo
d 
mat
rix 
or 
foo
d 
sim
ula
nts 
use
d 

Met
hods 
to 
dete
rmin
e the 
anti
oxid
ant 
activ
ity of 
the 
activ
e 
film
s 

Met
hod 
to 
dete
rmin
e 
spec
ific 
anti
oxid
ant 
com
pou
nds 

Meth
od to 
deter
mine 
the 
oxidat
ion 
prote
ction 
effect 
of the 
active 
film 
in 
food 
or 
food 
simul
ants 

Resul
ts 

Other 
prope
rties 
of the 
active 
film 
besid
es 
antio
xidan
t 
activi
ty 

Refere
nce 



Edi
ble 
fil
m 

Chit
osa
n 

Rose
mary 
extra
ct 

Fres
h-
cut 
pea
rs 

  

Polyp
henol 
oxida
se 
activit
y 
analy
sis. 
Folin
Ciocal
teu 

A 
combi
natio
n of 
pure 
oxyge
n 
pretre
atme
nt 
and 
chitos
an 
coatin
g 
incor
porat
ed 
with 
rose
mary 
extrac
ts 
may 
be a 
poten
tial 
meth
od to 
maint
ain 
cut-
fruit 
qualit
y and 
dimin
ish 
brow
ning, 
soften
ing 
and 
decay 

 
Xiao et 
al. 
(2010) 



Edi
ble 
fil
ms 

Chit
osa
n 
HP
MC 

Berg
amot 
esse
ntial 
oil 

Mus
cate
l 
tabl
e 
gra
pes 

  

DPP
H  ⋅. 
Folin
Ciocal
teu 

The 
most 
reco
mme
nded 
coatin
g for 
Musc
atel 
table 
grape 
is the 
chitos
an 
contai
ning 
berga
mot 
oil 
since, 
despit
e only 
contri
butin
g 
slightl
y to 
the 
sampl
e 
colou
r, it 
show
ed the 
highe
st 
antim
icrobi
al 
activit
y and 
the 
greate
st 
contr
ol of 
the 
respir
ation 
rates, 
with a 

Anti
micro
bial 
activi
ty 

Sánche
zGonzá
lez et 
al. 
(2011) 



reaso
nably 
good 
contr
ol of 
water 
loss 
durin
g 
storag
e 

Edi
ble 
fil
m 

Gel
atin
-
bas
ed 
film 

Cinn
amo
n 
esse
ntial 
oil 

Rai
nbo
w 
trou
t 

  

TVB-
N. 
TBAR
S. 
Free 
fatty 
acids. 
Senso
ry 
evalu
ation 

Cinna
mon-
enric
hed 
coatin
g can 
prolo
ng 
trout 
shelf 
life 
throu
gh 
lipid 
oxida
tion 
inhibi
tion 

Anti
micro
bial 
activi
ty 

Andev
ari and 
Rezaei 
(2011) 

Edi
ble 
fil
m 

Fish
-
skin 
gela
tin 
film 

Lem
ongr
ass 
esse
ntial 
oil 

Sea 
bass 
slic
es 
(Lat
es 
calc
arif
er) 

  

TVB-
N. 
TBAR
S 

The 
active 
film 
retard
ed 
lipid 
oxida
tion 
at 4∘C 
in sea 
bass 
and 
could 
be 
used 
as an 
active 
packa
ging 

Anti
micro
bial 
activi
ty 

Ahmad 
et al. 
(2012) 

 



Table 3. Continued. 

Type 
of 
poly
mer 

Pol
ym
eric 
mat
rix 

Sour
ce of 
AO 
or 
AO 
adde
d 
direc
tly 

Foo
d 
ma
trix 
or 
foo
d 
sim
ula
nts 
use
d 

Meth
ods 
to 
deter
mine 
the 
antio
xidan
t 
activi
ty of 
the 
activ
e 
films 

Meth
od to 
deter
mine 
specif
ic 
antio
xidan
t 
comp
ound
s 

Meth
od to 
deter
mine 
the 
oxida
tion 
prote
ction 
effect 
of the 
active 
film 
in 
food 
or 
food 
simul
ants 

Resu
lts 

Othe
r 
prop
ertie
s of 
the 
activ
e 
film 
besid
es 
antio
xida
nt 
activi
ty 

Refer
ence 

Com
posit
e of 
biode
grad
able 
biop
olym
er 
(chit
osan) 
and 
synth
etic 
biode
grad
able 
poly
mer 
(PVA
) 

Chi
tos
an 
and 
PV
A 

Mint 
extra
ct, 
pom
egra
nate 
peel 
extra
ct 

 

DPP
H ⋅ 
Folin
Cioca
lteu 

  

The 
addit
ion 
of 
natur
al 
extra
cts to 
bioac
tive 
biop
olym
ers 
has 
great 
pote
ntial 
for 
being 
devel
oped 
into 
funct
ional 
pack
aging 
mate
rial 

Anti
micr
obial 
activi
ty 

Kana
tt et 
al. 
(2012
) 



Edibl
e film 

Chi
tos
an 

Zata
ria 
mult
iflor
a 
Bois
s 
esse
ntial 
oil 
(ZE
O). 
Grap
e 
seed 
extra
ct 
(GS
E) 

 

DPP
H-
reduc
ing 
powe
r 
assay
. 
Folin
Cioca
lteu 

  

Chito
san 
incor
porat
ed 
with 
ZEO 
or 
with 
GSE 
are 
good 
antio
xida
nt 
films 

 

Mora
di et 
al. 
(2012
) 



Biop
olym
er 

Cell
ulo
se 

Gree
n tea 
extra
ct, 
clove
, 
cinn
amo
n, 
thym
e 
and 
ging
er 
oils 

Soy
bea
n 
oil 

𝛽-
carot
ene-
linole
ate 
bleac
hing 
broth 
meth
od 
DPP
H- 

 

Perox
ide 
value. 
Free 
fatty 
acids 

Cellu
lose 
films 
eithe
r 
conta
ining 
cinna
mon 
oil, 
clove 
oil or 
gree
n tea 
extra
ct 
dem
onstr
ated 
a 
possi
ble 
appli
catio
n in 
activ
e 
pack
aging 
as 
antio
xida
nt 
film 

 

Phoo
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et al. 
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) 
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us 
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r and 
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ry 
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film 
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ing 
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n tea 
extra
ct 
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and 
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obial 
grow
th, 
prolo
ngin
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shelf 
life of 
saus
ages 

Anti
micr
obial 
activi
ty 

Sirip
atraw
an 
and 
Noip
ha 
(2012
) 

 

Table 3. Continued. 
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ed 
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d 
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d 
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to 
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oxid
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the 
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Met
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to 
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ds 
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to 
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oxid
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n 
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on 
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ct of 
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ve 
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in 
food 
or 
food 
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ts 

Resu
lts 

Other 
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film 
besid
es 
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t 
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ty 

Refere
nce 
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film 

Barle
y 
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prote
in-
gelat
in 
(BB
G) 
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pe 
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d 
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E) 
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e 
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Pack
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ted 
in a 
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r 
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e 
and 
TBA
RS 
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ng 
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com
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e 
film 
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g 
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on 
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activi
ty 

Song 
et al. 
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a 
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t was 
great
ly 
impr
oved 
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oil 
was 
3% 

Anti
micro
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activi
ty 
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eAliab
adi et 
al. 
(2013) 

 

Note: ABTS•+, 2,2'-azino-bis (3-ethylbenzothiazoline); AO, antioxidant; BBG, barley bran 
protein-gelatin; BHT, butylated hydroxytoluene; DPD, 𝑁, 𝑁-diethyl- 𝑝-phenylenediamine 
colorimetric method; DPPH•, 2,2-diphenyl-1-picrylhydrazyl; EVA, ethylene-vinyl acetate 
copolymer; FRAP, ferric-reducing ability of plasma assay; FTIR, Fourier transform 
infrared spectroscopy; GSE, grape seed extract; HPLC-DAD, high-performance liquid 
chromatography coupled to diode array detection; HPLC-PDA, high-performance liquid 
chromatography coupled to photodiode array detection; HPMC, hydro-xypropylmethyl-
cellulose; PVA, polyvinyl alcohol; SC, Soloyo Chico; SDS, sodium dodecyl sulphate; SG, 
Soloyo Grande; SPI, soy protein isolate; TBARS, thiobarbituric acid reactive substances 
assay; TVB-N, total volatile base nitrogen; and ZEO, Zataria multiflora Boiss essential oil. 
(Lippia graveolens) which demonstrated good AO properties. 

Chitosan (poly- 𝛽-(1-4)-D-glucosamine), a deacetylated product of chitin, is a biopolymer 
with a wide range of applications. Due to it being biodegradable, compostable and non-
ecotoxic, it possesses excellent potential for use in biodegradable active packaging 
(Mayachiew & Devahastin 2010; Lago et al. 2011). Chitosan has antimicrobial activity due 
to its effectiveness at inhibiting the growth of Grampositive and Gram-negative bacteria, 
yeasts and moulds (Siripatrawan & Harte 2010). 

Sanches-Silva et al. (2012) have prepared chitosan from shrimp by-products. The fraction 
rich in chitin obtained after fermentation of shrimp products was depigmented (using a 
mixture of petroleum ether-acetonewater), deproteinised (with proteolytic enzymes), 
demineralised (with HCl ), blanched (with sodium hypochlorite), and dried (in an oven at 
105∘C ). Afterwards, chitin was converted into chitosan by deacetylation with NaOH and 
dried. The chitosan was washed with water until reaching a pH close to neutral after each 
treatment and, finally, particle size was reduced with a hammer mill. 



Chitosan films were prepared at different concentrations ( 1%, 2% and 3%w/w ) by casting 
by dissolving chitosan in acetic acid aqueous solution 1%(w/v), with (1%, w/w) or without 
glycerol. Subsequently, the solutions were kept under stirring until complete dilution and 
poured onto flat plates. Finally, they were dried in an oven at 40∘C for 12 h in order to allow 
solvent evaporation. 

With respect to monolayer films carried out by extrusion, chitosan (with two different 
particle sizes, 180 and 300𝜇 m ) at different concentrations (2%(w/w),5%(w/w),6%(w/
w), 8%(w/w) and 10%(w/w) ), was mixed with polyamide 6 (PA 6) to obtain blends 
pellets. Subsequently, these were processed in an extruder with a specific screw for PA 6. 
Thus different plastic films of the blends were obtained. 

Specific migration tests of chitosan were carried out in all films by full immersion of 6 cm2 
plastic film in 10 ml of food simulant. Two food simulants were used: distilled water and 
ethanol 95%(v/v) in aqueous solution. Migration tests were carried out at 40∘C during 10 
days. Subsequently, the food simulant was allowed to cool at RT and then evaporated in a 
rotary evaporator. The residue was then hydrolysed with 20 ml of HCl(8M) and derivatised 
with 9-fluorenylmethyl chloroformate. For each film, three independent chromatographic 
analyses (using an ultra-performance liquid chromatograph, LOQ of glucosamine 
hydrochloride = 10𝜇 gml−1 ) were carried out. Although chitosan is not permitted in the 
manufacture of plastic FCMs, specific migration tests of glucosamine (which indirectly 
measure the migration of chitosan because chitosan is formed by glucosamine units) were 
carried out. No specific migration of glucosamine was quantified for all films except for 
casting films with 1%, 2% and 3%(w/w) of chitosan without glycerol. Therefore, 
it was concluded that the addition of a plasticiser (glycerol) was effective at avoiding the 
migration of glucosamine from the casting films to ultrapure water. The specific migration 
levels of glucosamine from the casting films increased with the amount of chitosan added. 
The glucosamine migration levels found in the films prepared by casting without glycerol 
exceeded the overall limit of migration ( 10mgdm−2 ), indicating that they could not be 
used in contact with aqueous foodstuffs, when the chitosan is added to the packaging with 
the aim of exhibiting a function in the packaging. However, if the chitosan was permitted 
in active food packaging materials, its migration could be desired and the SML permitted 
could be higher. In order to check if the other films (films prepared by extrusion and film 
prepared by casting with glycerol) could be used as food packaging, other SM tests should 
be used. For instance, the specific migration of 𝜀-caprolactam in the case of films prepared 
by extrusion or glycerol in the cases of casting films prepared with this plasticiser. 
Although it has also been reported to have some AO activity, the addition of AOs to 
chitosan has been tested in order to obtain films with both actions (Table 3). For instance 
Ojagh et al. (2010) have incorporated cinnamon oil (Cinnamomum zeylanicum L.) into 
chitosan films and they were able to inhibit successfully the lipid oxidation and microbial 
growth of refrigerated rainbow trout fillet. Abdollahi et al. (2012) incorporated nanoclay 
and rosemary essential oil into chitosan film. The nanoclay (montmorillonite) was added 
with the aim of improving the water vapour barrier and mechanical properties (tensile 
strength and elongation) of the film. 

One of the categories of foods for which edible films have received more attention is 
perishable food like freshcut fruits. Edible films can enhance their limited shelf life 
because they reduce their loss of firmness and the cutsurface browning of fresh-cut fruits 
(Xiao et al. 2010). 



Conclusions 

Nowadays, it is possible to reduce food oxidation without adding AOs to the food. An 
extensive bibliographic review on food packaging with incorporated natural AOs was 
carried out. Special attention was given to the natural AOs incorporated in active food 
packaging, and in the activity tests carried out in both packaging and packed foods to 
evaluate the efficiency of these new materials. 

Recently, besides the great improvement in food packaging materials in order to increase 
food shelf life with the addition of natural AOs, the tendency is to incorporate these 
compounds in biodegradable/compostable packaging or edible films (used as coatings on 
foodstuffs) to decrease the impact of packaging in the environment because of their 
biodegradability and also to reduce food loss, which, in turn, impacts less on the 
environment (sustainability). Newer materials are emerging day by day and it is essential 
to study their properties, as well as their safety and effectiveness, in order to evaluate 
which food products are more suitable to be packed by each material. 
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