
Vol.:(0123456789)1 3

Environmental Chemistry Letters (2018) 16:523–538 
https://doi.org/10.1007/s10311-018-0705-z

REVIEW

Oxygen scavenging films in food packaging

Kirtiraj K. Gaikwad1 · Suman Singh1 · Youn Suk Lee1

Received: 8 October 2017 / Accepted: 9 January 2018 / Published online: 23 January 2018 
© Springer International Publishing AG, part of Springer Nature 2018

Abstract
Eating safe and healthy food is a rising consumer awareness. Oxygen-sensitive foods can now be better protected using oxygen 
scavenging films, an emerging technology that extends the shelf life and maintains the quality and freshness of food products. 
The use of oxygen-absorbing materials in packaging is a current trend in active packaging, especially in food packaging. 
Some oxygen scavenging films have shown excellent oxygen absorbance and become commercial successes. Here, we review 
oxygen scavenging films used in food packaging, such as novel natural oxygen scavenging agents and active barrier films.
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Introduction

In recent years, consumers have become increasingly con-
scious about their health and hence are willing to pay a 
higher price for healthy, fresh food. Consequently, the con-
sumer food industries have begun to apply advanced technol-
ogies to preserve the freshness and nutrients of food (Singh 
et al. 2017a, b; Irkin and Esmer 2015; Gaikwad et al. 2013). 
The causes of food spoilage include microbial growth, chem-
ical interactions between the components of a foodstuff, and 
the action of enzymes present in the products (Singh et al. 
2016a, b, c; Gaikwad et al. 2017a, b Choi et al. 2016). Some 
of these causes stem from the presence of oxygen around the 
product. Oxygen can turn fats rancid, cause flavor deteriora-
tion, create color changes, encourage the growth of mold 
and aerobic bacteria, and deplete nutritional value (Gaikwad 
et al. 2016).

Using oxygen scavenging or absorbing agents offers sev-
eral benefits, such as inhibiting the formation of microbial 
growth, maintaining the quality of lipid-containing foods 
(preventing rancidity), avoiding discoloration, and avoiding 
oxidation (Johnson and Decker 2015; Nayik and Muzaf-
far 2014). Oxygen scavengers are widely used in this food 
industry, as they extend the shelf life of products from 3–4 to 
14 days or more (Gaikwad and Lee 2017; Singh et al. 2016a, 

b, c). Currently, commercial oxygen scavengers take many 
forms, including sachets, films (directly in the package), 
and labels. However, incorporating scavengers directly into 
packaging materials has better consumer acceptance than 
using sachets. The oxygen scavengers market is expected 
to reach USD 2.41 Billion by 2022, at a compound annual 
growth rate (CAGR) of 5.1% from 2017 to 2022. Mitsubi-
shi Gas Chemical Company (Japan), BASF SE (Germany), 
Ecolab Inc. (USA), Clariant Ltd. (Switzerland), and Kemira 
OYJ (Finland) are the leading players operating in the oxy-
gen scavengers market (Anonymous 2017a, b). The increas-
ing demand for high-quality packaged food is one the major 
drivers for the growth of oxygen scavengers market. Factors 
such as increasing disposable income and changing life-
style of the middle-class population in emerging countries 
are expected to fuel the demand for packaged food. This 
increase in demand is consequently expected to drive the 
growth of the oxygen scavengers market in the coming years. 
The growing awareness regarding the reduction of food 
wastage and the increased demand for advanced packaging 
among consumers are expected to further aid the growth of 
the market during the forecast period. Oxygen scavenging 
films extend the shelf life of foods while maintaining their 
nutritional quality and preventing discoloration, microbial 
spoilage, rancidity, and organoleptic deterioration, thereby 
ensuring food safety (Cichello 2015).

Polymers have advantages over materials such as glass 
and metal, so the use of oxygen scavenging polymers in food 
packaging has increased, along with research into incorpo-
rating oxygen scavenging substances into polymers as shown 
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in Fig. 1 The large variety of plastic materials and the dif-
ferent compositions available allow companies to adopt a 
packaging solution and design most convenient to the spe-
cific needs of each product.

The permeation of gases through the packaging material 
is a still big issue preventing the use of polymers in food 
packaging applications. Plastic is the preferred packag-
ing material; however, plastic materials do not possess 
good gas barrier properties, particularly to oxygen, com-
pared with other available materials such as glass or metal 
(Marsh and Bugusu 2007). The polymers used in food 
packaging applications should provide a sufficient barrier 
to gas and moisture; otherwise, the quality and the shelf 
life of packaged food will be directly affected. Most poly-
meric films used in oxygen scavenging use low-permeabil-
ity plastics (less than 2.28 × 10−15 m3/m2 s Pa) made from 
polyethylene (PE), low-density (LD) PE, very low-density 
polyethylene, ultra-low-density PE, high-density (HD) PE, 

and polyethylene terephthalate (PET) (Ahn et al. 2016; 
Busolo and Lagaron 2012; Matche et al. 2011; Shin et al. 
2011). In addition, polylactic acid (PLA) has attractive 
properties, for example, a high flavor and grease resist-
ance, high clarity, and excellent printability, making it the 
most popular biodegradable polymer that can be manufac-
tured using conventional processing technologies (Jam-
shidian et al. 2012). However, a major drawback of PLA 
for food packaging is its relatively high permeability to 
gases and vapors, which limits its application to short-
lifespan packaged foods. The use of oxygen scavengers in 
packaging films is a possible solution to such issues.

The aim of this review is to provide an overview of 
recent studies on oxygen scavenging films and look at 
future trends and challenges. We first discuss the major 
types of oxygen scavenging agents, their activation, major 
polymeric materials, and active barrier layers. Then, we 
provide an overview of issues such as retort shock, appli-
cations, future trends, and challenges for oxygen scaveng-
ing films.

Oxygen scavenging agents

In principle, any oxidizing substrate, organic or inorganic, 
can be an oxygen scavenger (Sun 2016). Price, safety, and 
the rate and capacity of reaction with oxygen restrict the 
range of candidate agents in food packaging. In recent 
years, some novel nonmetallic agents have received con-
siderable attention, including organic and polymer-based 
agents. Some potential oxygen scavenging agents for food 
packaging applications are listed and classified in Table 1. 
Although most commercial oxygen scavenging films use 
iron (Fe)-based agents for oxygen-sensitive food, the oxy-
gen scavenging film industry has become increasingly 
interested in the development and application of novel 
scavenging agents.
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Fig. 1  Publication trends in oxygen scavenging films used in food 
packaging applications from 2000 to 2016. Data collected from Sco-
pus using the keywords “oxygen scavenging packaging” and “oxygen 
scavenging polymer”

Table 1  Different types of oxygen scavenging agents

Classification Oxygen scavenging agents Oxidation mechanism

Metallic Iron powder, activated iron, ferrous oxide, iron salt, Co (II), 
Zn

Oxidation of iron with supply of moisture and action of optional 
catalyst

Organic Ascorbic acid, ascorbic acid salts, isoascorbic acid, tocoph-
erol, hydroquinone, catechol, rongalit, sorbose, lignin, gallic 
acid, polyunsaturated fatty acids

Oxidation of organic substrate with metallic catalyst or alkaline 
substance

Inorganic Sulfite, thiosulfate, dithionite, hydrogen sulfite, titanium 
dioxide

Oxidation of inorganic substrate by UV light

Polymer based Oxidation–reduction resin, polymer metallic complex Oxidation of polymer components with metallic catalyst 
(mostly cobalt)

Enzyme based Glucose oxidase, laccase, ethanol oxidase Immobilization
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Metallic scavengers

Metallic scavengers are the largest segment of the market 
and have been used commercially for many years (Her-
bert and Schiraldi 2014). Iron-based oxygen scavengers 
are the most widely used agents for the preservation of 
packaged foods. The commercial success of these systems 
arises from their high efficiency, low price, and rapid rate 
of oxidation. Yildirim et al. (2015) studied palladium, 
another metallic oxygen scavenging compound that had 
deposited into films in layers using the vacuum method to 
remove residual oxygen in food packages after modified 
atmosphere packaging (MAP). The oxygen scavenging rate 
of the coated film depended strongly on the thickness of 
the palladium deposit. The authors found that PET, alu-
minum oxide-coated PET, oriented polypropylene (PP), 
and PLA are the most suitable substrates for palladium-
based oxygen scavengers. In addition, an intermediate 
 SiOx layer between the substrate and the palladium layer 
substantially increased the oxygen scavenging rate for all 
packaging films. In addition, they found that the optimal 
palladium layer thickness was between 0.7 and 3.4 nm. 
Matche et al. (2011) developed a modified linear LDPE 
film by incorporating zinc, iron, or ascorbic acid. The 
developed films were characterized for their physical and 
mechanical properties, and the oxygen scavenging prop-
erties were studied using the shelf life of buns and bread 
as a metric. The physical properties were affected by the 
iron-based scavenger in terms of mechanical and barrier 
properties; however, the bread packed in the oxygen scav-
enging films fostered the growth of a minute quantity of 
microbes, although under the prescribed limit. Di Maio 
et al. (2014) investigated a three-layer oxygen scavenging 
film with PET containing iron-based agents for the packag-
ing of freshly cut apples. After 15 days of storage at 8 °C, 
the freshly cut samples compared well to a control sample. 
Films based on oxidizable transition metals, for example, 
copper, zinc, magnesium, manganese, aluminum, palla-
dium, or titanium, are also known. Photocatalytic oxygen 
scavenging films have also been developed by the incor-
poration of nanocrystalline titania particles (Mills et al. 
2006).

Some disadvantages of iron-based scavenging films 
include potential metal contamination, inadvertently set-
ting off inline metal detectors, and inhibiting heating in 
microwave ovens. Additionally, another problem facing 
iron-based scavenging films is the temperature-reliant 
nature of iron oxidation, which can cause major prema-
ture oxygen scavenging action of self-reactive films at high 
temperatures, thus reducing the scavenging capacity or 
slowing scavenging rates at low temperatures and creat-
ing technical difficulties for food packaging applications.

Organic scavengers

Recently, academic and industrial research has focused on 
the production and application of organic-based oxygen 
scavengers for oxygen-absorbing films. Metallic agents 
have limitations regarding the metal detection process on 
the packaging production line; hence, researchers are focus-
ing on the use of organic agents instead. These agents can be 
low-molecular weight oligomers added to polymer films or 
oxygen scavenging polymers in which either the backbone 
is designed to break apart when the polymer reacts with 
oxygen or the side-chains react with oxygen (Ching et al. 
2000). Organic oxygen scavengers have excellent disper-
sion and compatibility with polymeric matrices compared 
to the dispersion of inorganic powders, making it possible 
to produce optically transparent, polymeric, active barrier 
films. Damaj et al. (2015) reported the use of an amino acid-
based agents They added a Co(II) complex of threonine, as 
an oxygen scavenger, into the polymer matrix of polyvinyl 
alcohol (PVA). The active films were prepared by the water-
casting technique, and the activation of the film depended on 
the relative humidity. Janjarasskul et al. (2011) developed 
an edible film with whey protein isolate that incorporated 
ascorbic acid, which has oxygen-absorbing potential. Edible 
oxygen scavenging films avoid the problems of both acciden-
tal consumption and the lack of recyclability of conventional 
oxygen scavenger systems. Another biodegradable oxygen 
scavenger system used 40 wt% of the natural antioxidant 
agent α-tocopherol loaded onto PLA microparticles by an 
oil-in-water emulsion-solvent evaporation method. The 
researchers claimed that the use of α-tocopherol did not 
affect the material’s biodegradability (Scarfato et al. 2015).

A patent concerning the oxygen-reducing properties of 
ascorbic salts has also been filed (Brody et al. 2001). The 
scavenging film contains a catalyst, such as a transition metal 
like Cu or Co, and is activated by moisture; consequently, 
this technology is particularly suitable for food products 
with high water activity. Egg-yolk protein hydrolysates were 
prepared by Sakanaka and Tachibana (2006) having oxygen 
scavenging activity arising from the enzymatic hydrolysis 
of fat-free egg-yolk protein, which was used to stabilize the 
lipid oxidation in beef and tuna homogenates. The results 
showed that egg-yolk protein hydrolysates suppressed the 
discoloration of β-carotene strongly compared to a control in 
β-carotene bleaching tests. At 0.5% hydrolysate content, the 
2,2-diphenyl-1-picrylhydrazyl (DPPH) and hydroxyl radi-
cal scavenging activities were 74.2 and 91.7%, respectively.

Organic-based scavenging films present opportunities 
for creating new packaging designs with several require-
ments and advantages concerning consumer perception 
and sustainability. However, further research must focus 
on improvements in technical and commercial feasibility, 
including film  O2 removal efficiency. Common drawbacks 



526 Environmental Chemistry Letters (2018) 16:523–538

1 3

of these films are their relatively greater expense and lower 
scavenging capacity when applied to a polymer matrix 
(Byun et al. 2012).

Polymer‑based scavengers

A new area of focus is polymer-based oxygen scavengers. 
They include a base polymer suitable for packaging applica-
tions that is modified with an unsaturated side chain attached 
to its backbone (Gauthier 2015). The list of various com-
mercially available oxygen scavenging plastic film for food 
packaging applications is presented in Table 2. Polymer 
oxygen absorbers, such as oxidation–reduction resins and 
polymer–metal complexes, have been studied by various 
researchers. Fava et al. (2013) investigated oxygen barrier 
plastic materials comprising an organic polymer and an 
oxygen scavenger to enhance the quality and shelf life of 
oxygen-sensitive products for packaging applications. An 
active oxygen scavenger, such as a polyamide or polyolefin, 
can be incorporated into the backbone of a base polymer 
material to form an oxygen scavenging polymer that can 
be used in the walls of a package. The oxygen scavenging 
polymer can be used in a blend with other polymers or as an 
oxygen-absorbing layer in a multilayer container. The addi-
tion of a photoinitiator to an oxygen scavenging composition 
is common practice to prevent the premature oxidation of the 
scavenger during processing and storage. The main problem 
with this technology is that, during the reaction between 
polyunsaturated molecules and oxygen, by-products such as 
organic acids, aldehydes, or ketones can be generated and 
can affect the quality of food, including the color and the 
development of rancid off-flavors with very low detection 
thresholds that can unfavorably affect the sensorial quality 
and the taste of the product (Li et al. 2012). Some of these 
by-products are used to control the quality and shelf life of 
lipid-based products because they are related to rancidity (Jo 

et al. 2002). Although volatile off-flavors can be reduced by 
the use of odor absorbers (e.g., zeolites, activated carbons), 
it is favorable to reduce these by-products by using func-
tional barriers that impede the migration of undesirable oxi-
dation products, for example, the alteration of the polymer 
composition by adding unsaturated functional groups that 
can also act as oxygen scavengers. In this case, the oxidation 
of unsaturated hydrocarbons in a polymer matrix can act as 
an oxygen scavenger (Ferrari et al. 2009). The autoxidation 
of the polymers can be triggered by UV light in the pres-
ence of metal catalyst. The unsaturated hydrocarbons can be 
incorporated into the commonly used polymers, including 
LDPE and PET, to provide an oxygen barrier (Galdi et al. 
2008). 

Recently, oxygen scavenging films incorporating 
nanocrystalline titania  (TiO2) have drawn attention (Xiao-e 
et al. 2004; De Azeredo 2009). These kinds of polymeric 
films can scavenge oxygen when exposed to UV light. 
Because of the light sensitivity of nanocrystalline  TiO2 on 
the film surface, organic substances are oxidized, scaveng-
ing oxygen from the headspace and producing carbon diox-
ide. To achieve the required oxygen scavenging capacity, a 
proper supply of the active substance and UV exposure is 
necessary. Films containing light active  TiO2 are also known 
to inactivate microorganisms and, hence, have the potential 
for use as antimicrobial packaging materials (Singh et al. 
2016a, b, c).

Enzymatic scavengers

Enzyme-based oxidation is another approach to regulate 
the oxygen concentration in the food package. The enzyme 
reacts with a specific substance to scavenge any incoming 
oxygen. Glucose oxidase is a common oxygen scavenging 
enzyme. A mixture of two enzymes, glucose oxidase and 
catalase, have been used as oxygen scavengers in the past 

Table 2  Commercial oxygen 
scavenging films for food 
packaging applications

Manufacturer Commercial name Scavenging form Product form

Ciba specialty chemicals Self plus PET co-polyester Plastic film
Chevron chemicals – Benzyl acrylate Plastic film
Visy industries ZERO2 Photosensitive dye Plastic film
CMB technologies OXBAR Cobalt catalyst Plastic bottle
Toyo Seikan Kaisha Ltd. Oxyguard Iron based Plastic tray
CSP technologies Active-Films® UV radiation Plastic film
Cryovac sealed air OS1000 Light-activated scavenger Plastic film
Mitsubishi gas chemical AGELESS OMAC Iron based Plastic film
Sorbead India Activ-Films™ Iron based Plastic film
Crown, cork and seal Oxbar Iron based Plastic film
AMOCO Amosorb 3000 Iron/co-polyester Plastic film
Continental PET CPTX 312 – Plastic bottle
Bioka Ltd Enzyme based Plastic film
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(Vermeiren et al. 1999). In the presence of moisture, glu-
cose is oxidized to gluconic acid and hydrogen peroxide by 
glucose oxidase (Mabeck and Malliaras 2006).

There are few patents concerning the use of enzyme-
based oxygen scavengers impregnated in polymeric materi-
als for oxygen scavenging films (Labuza and Breene 1989). 
The most studied enzymes for use as oxygen scavengers 
are glucose oxidase and catalase. The glucose oxidase and 
catalase can be immobilized (Fig. 4d) as coatings on dif-
ferent polymers including polystyrene, polyethylene, and 
polypropylene. However, when the coated enzymes are 
immobilized, the surface carrying the active enzyme must 
be in direct contact with the food to activate the redox reac-
tion; this restricts the application of enzyme-based films in 
food packaging (Brody et al. 2001). United enzyme oxygen 
scavenging systems are highly sensitive to changes in pH, 
water activity, salt content, temperature, and several other 
factors. Moreover, they require the addition of water and, 
thus, cannot be successfully used for low-moisture food 
products (Graf 1994).

Recently, Järnström et al. (2013) tested enzymes as high-
barrier coatings for active food packaging. The results con-
firmed that the developed active coatings could be effec-
tively used to delay the oxidation reactions and rancidity of 
packaged food, for example, fish stored at low temperature. 
In another study, the copper-containing enzyme laccase was 
also studied as a possible oxygen scavenging enzyme for 
packaging applications. The presence of phenolic hydroxyl 
groups in the laccase catalyzes the one-electron oxidation to 
phenolic radicals, While oxygne is reduced in the presence 
of water. The phenoxy radicals subsequently form quinines 
or polymerization products (Johansson et al. 2014). The co-
immobilization of oxalate oxidase and catalase in latex for 
oxygen scavenging film was reported by Winestrand et al. 
(2013). Oxalate oxidase catalyzes the conversion of oxalic 
acid and oxygen to carbon dioxide and hydrogen peroxide, 
and the co-immobilized catalase was intended to degrade the 
generated  H2O2. An advantage of enzyme-based scavenging 
film is it presents no problems for microwave applications 
and for metal detectors in the food production line. Enzyme-
based oxygen scavenger films using glucose oxidase/catalase 
are available commercially (Bioka Ltd).

Natural oxygen scavenging systems

In recent years, consumers have come to prefer natural over 
synthetic products because of their lower perceived risk; for 
this reason, naturally derived oxygen scavenging systems are 
becoming increasingly important (Byun et al. 2012; Irkin 
and Esmer 2015; Gaikwad and Lee 2016). Natural oxygen 
scavenging interactions have been explored to improve the 
limitations of metal-based scavengers. Oxidation-susceptible 

natural substrates can be fabricated into oxygen scavengers 
as immobilized agents on or blended with plastic films 
(Janjarasskul and Suppakul 2016). Byun and Whiteside 
(2012) developed oxygen scavenging microparticles using 
an ascorbyl palmitate-β-cyclodextrin inclusion complex. 
The oxygen scavenging capability of the inclusion complex 
was matched with that of traditional iron powder at stor-
age temperatures of 4 and 23 °C. The ascorbyl palmitate-β-
cyclodextrin inclusion complex had high oxygen scavenging 
capacity than the iron powder at both storage temperatures. 
Recently, Ahn et al. (2016) developed a novel oxygen scav-
enging system using gallic acid and potassium carbonate that 
was activated by moisture and incorporated it into low den-
sity polyethylene (LDPE) films for wet food packaging appli-
cations. The oxygen scavenging reaction between gallic acid 
and potassium carbonate is as shown in Fig. 2. Their results 
indicated that the mechanical and physical properties wors-
ened after the incorporation of the gallic acid-based oxygen 
scavenging system compared with those of a pure LDPE 
film; however, the film, which contained a 20% (w/w) oxy-
gen scavenging system, had an oxygen scavenging capacity 
of 0.709 mL/g over 7 days. A natural, phenolic compound/
moisture-based oxygen scavenging system prepared by Gai-
kwad et al. (2016) containing pyrogallol and sodium carbon-
ate was tested for active food packaging applications. They 
claimed that their pyrogallol oxygen scavenging system is 
comparable with commercial iron-based oxygen scavenging 
sachets. Pyrogallol (250 mg) and sodium carbonate (250 mg) 
had the highest oxygen scavenging capacity (51.81 mL/g) 
and an oxygen scavenging rate of 6.48 mL/g. The oxygen 
absorption kinetics rate of pyrogallol and sodium carbonate 
confirmed that the agents are efficient oxygen scavengers. 
Byun et al. (2012) prepared an oxygen scavenging film that 
used natural α-tocopherol and a transition metal by cast-
ing using a film applicator (Fig. 3). Their scavenger had an 
oxygen scavenging capacity of 6.72 mL/g and rate of 0.11 
 O2/g day, indicating that their film, in the presence of mois-
ture, is effective. Numerous antioxidant compounds (e.g., 
erythorbic acid, quinones, and catechol) can also be used 
as oxygen scavengers (Cardona et al. 2011). Other recom-
mended natural oxygen scavengers include hydroxylamines 
and ketoximes. However, the possible applications of these 
natural scavengers in polymeric matrices and their reactive 
capacities per unit weight are limited.  

Natural oxygen scavengers present the potential for the 
development of new packaging formats with numerous 
desirable qualities and advantages concerning both con-
sumer perception and sustainability. The active food packing 
sector is expected to see increasing demand for the natural 
oxygen scavengers (Anonymous 2017a, b). Several trends 
are likely to drive the demand for natural oxygen scaven-
gers. For example, manufacturers are planning to replace 
iron powder with naturally available active agents to improve 
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the quality of food products. In addition, there are efforts 
to improve equipment quality and extend the shelf life of 
products. However, the processing of agents, cost, oxygen 
scavenging capacity, and safety of natural oxygen scavengers 
compared to iron powder are the main hurdles to the com-
mercialization process.

Technologies for the preparation of oxygen 
scavenging films

Oxygen scavenging systems can be applied to packaging 
films in different ways, mainly by incorporation as part of 

Fig. 2  Reactions of an oxygen 
scavenging system contain-
ing gallic acid and potassium 
carbonate

Fig. 3  Reactions of an oxygen 
scavenging system containing 
alpha-tocopherol with iron
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multilayer films or as a physical coating/absorption onto 
the packaging material surface. The mechanism of activa-
tion for oxygen scavenging compounds must be considered 
along with the intended product application when design-
ing an oxygen scavenging packaging film.

Coating

Oxygen scavengers can be physically adsorbed or coated 
onto food packaging materials so that the scavenger migrates 
from the package to the food to prevent oxidative reactions in 
the food products (Fig. 4a). Active agents can work through 
direct contact with foods or by generating a vapor phase that 
transfers the antioxidant activity to the headspace.

Recently, Gaikwad et al. (2017a, b) developed moisture-
activated oxygen scavenging films with a pyrogallol (a 
natural phenolic compound) coating onto a LDPE/sodium 
carbonate substrate. The resultant oxygen scavenging film 
had a somewhat rough film surface, which resulted in higher 
water and oxygen permeabilities, as well as a lower ten-
sile strength, because of the addition and agglomeration 
of sodium carbonate and pyrogallol. The 20% pyrogallol-
coated film showed an effective oxygen scavenging capac-
ity of 0.443 mL/g at 23 °C. Demicheva (2015) developed a 

polybutadiene film coated with additives as an alternative 
to cobalt catalysts for oxygen scavenging films. They dem-
onstrated that the polybutadiene-based scavengers function 
adequately. This coating does not form the package itself, 
but it can reduce the barrier requirements of the package. In 
addition, a hydrophobically modified glucose oxidase was 
combined with ethylene vinyl acetate (EVA) to develop a 
coating for enzyme immobilization for oxygen scavenging 
films (Wong et al. 2017). The developed coatings effectively 
reduced the headspace oxygen by 2% in a closed glass vial 
filled with 50 vol% oxygen. This oxygen scavenging polymer 
coating controlled the headspace oxygen in packaged foods, 
maintaining the stability of the oxygen-sensitive constitu-
ents, thus protecting the colors, flavors, and nutrients in the 
food. An oxygen scavenging film containing nanocrystalline 
titania particles in an ethyl cellulose polymer was developed 
by Mills et al. (2006). The film has a UV-driven scavenging 
action. This film could scavenge oxygen at an average rate 
of 0.017 mL/g. The oxygen scavenging rates of the prepared 
films compare favorably to those associated with more tra-
ditional oxygen scavengers. The main disadvantage of these 
new oxygen scavenging films is the requirement of UV light 
to drive the scavenging process, which further increases the 
cost of the packaging.

Fig. 4  Various methods of 
application of oxygen scaveng-
ing films and the migration of 
oxygen scavenging compounds 
in each system: a the coating 
of the active layer onto the 
package surface, b incorpora-
tion of the active compound into 
the package polymeric matrix, 
c multilayer active film, and d 
immobilized active film
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Incorporation into packaging

Oxygen scavenging systems can be incorporated throughout 
the package (Fig. 4b). By dispersing an oxygen scavenging 
compound into the polymeric matrix, oxygen scavenging 
occurs in the package headspace and the food product and 
prevents oxidation accelerating factors (mainly oxygen) from 
permeating through the package from the external environ-
ment. As shown in Table 3, various oxygen scavenging 
compounds have been incorporated into different packag-
ing materials to make active films. This approach is appli-
cable for the preparation of active films using most kinds 
of scavenging compounds by either casting (Janjarasskul 
et al. 2011; Byun et al. 2012; Li et al. 2012) or extrusion 
(Ahn et al. 2016; Busolo and Lagaron 2012; Matche et al. 
2011; Shin et al. 2011). Although these films are effective, 
they can impart an undesirable flavor to foods, especially 
when iron-based oxygen scavengers are used (Cruz et al. 
2012). In addition, the possible migration of iron into foods 
can accelerate lipid-oxidative reactions. In addition, large 
amounts of antioxidants are needed to assure dispersion 
throughout the whole package, and major mass and activity 
losses can occur during the manufacturing process (Johnson 
and Decker 2015). 

Multilayer active films

Multilayer packaging, in which an oxygen scavenging 
layer is sandwiched between inert layers (Fig. 4c), could 
overcome some concerns of incorporated active films, 
but their costs are high. For example, a ferrous Fe–based 

commercial oxygen scavenger layer was introduced 
between multiple inert layers to prepare PP/EVOH/OS/
PP (EVOH, ethyl vinyl alcohol; OS, oxygen scavenger) 
multilayer antioxidant packaging films (Shin et al. 2011). 
The natural compounds α-tocopherol and quercetin were 
also sandwiched between two layers of EVOH, EVA, 
LDPE, and PP to impart antioxidant activity to these 
commonly used packaging polymers (Castro López et al. 
2013). Recently, bio-based multilayer oxygen scavenging 
films that can be prepared by extrusion and laminating 
were developed by Pant et al. (2017) using gallic acid and 
sodium carbonate as the active substances incorporated 
in the polymer matrix. The film consists of a food con-
tact layer (BioPE), an active layer covering the scavenger 
(BioPE + 15% (w/w) gallic acid and sodium carbonate), 
and an outer barrier layer of PLA that reduces the entrance 
of oxygen from the environment. The results showed an 
oxygen absorption capacity of 447  mg  O2/g at 21  °C 
and 100% RH. The main application of this film is for 
the packaging of food products with high water activity 
(aw > 0.86).

A three-layer oxygen scavenging film was developed 
by Di Maio et al. (2015). The three layers consist of PET 
with a polymeric OS as the core layer and pure PET as the 
outer layers. The packaging tests on freshly cut, untreated 
apples showed that the active three-layer PET films have 
the potential for applications in active packaging tech-
nologies. Gibis and Rieblinger (2011) reported an oxygen 
scavenger multilayer film PE/AL (active layer)/EVA. The 
oxygen consumption of the film was influenced by the tem-
perature. Lowering the temperature from 23 to 5 °C caused 

Table 3  Recent research studies on oxygen scavenging films

Oxygen scavenging agents Polymer matrix Scavenging capac-
ity (mL/g)

References

Pyrogallol and sodium carbonate Low-density polyethylene 0.44 Gaikwad et al. (2017b)
Gallic acid and potassium carbonate Low-density polyethylene 0.709 Ahn et al. (2016)
α-Tocopherol Polylactic acid 0.63 Scarfato et al. (2015)
Palladium Polyethylene terephthalate 1.45 Yildirim et al. (2015)
Co(II)(l-proline)2 Polyvinyl alcohol 2.5 Damaj et al. (2015)
Powdered activated carbon, sodium erythorbate Low-density polyethylene 3.57 Joven et al. (2015)
Ascorbic acid, iron powder Thermoplastic starch 13.5 Mahieu et al. (2015)
Iron based Polyethylene terephthalate 18.2 Sängerlaub et al. (2013)
Iron nanoparticle Low-density polyethylene 134.1 Mu et al. (2013)
Butadiene Styrene–butadiene–styrene 26.6 Tung et al. (2012)
Iron, kaolinite High-density polyethylene 4.3 Busolo and Lagaron (2012)
Ascorbyl palmitate-β-cyclodextrin – 37.85 Byun and Whiteside (2012)
Endospore-forming bacteria genus (Bacillus 

amyloliquefaciens)
Polyethylene terephthalate 0.10 Anthierens et al. (2011)

Iron based Low-density polyethylene 6.10 Shin et al. (2011)
Iron and ascorbic acid Linear low-density polyethylene 47.6 Matche et al. (2011)
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a reduction in the oxygen absorption rate of the prepared 
oxygen scavenger multilayer film within the first 4 days.

Polyamide-based oxygen-absorbing films consisting of a 
cobalt catalyst and MXD-6 nylon polymers have been com-
mercialized as reactive oxygen scavenging barriers when 
incorporated into the inner layers of multilayer polymeric 
packaging structures, for example, as rigid PET bottles 
for the packaging of alcoholic beverages (MXD-6 nylon, 
Mitsubishi Gas Chemical Co., Inc.). Polyamides have been 
suggested as candidates for oxygen scavenging. However, 
disadvantages of this system include the delamination of the 
multilayer structure and potential migration of low molecu-
lar weight reaction by-products into the packaged food. In 
2009, Sealed Air Corp. (USA) developed a flexible multi-
layer oxygen scavenging film  (Cryovac® OS2000) activated 
by ionizing radiation. As claimed by the manufacturer, the 
film can reduce the oxygen concentration in the headspace 
from 0.4% to below 0.1% in about 8 days. To date, the appli-
cations of multilayer active films are not as widespread as 
those of sachets, coatings, and incorporated approaches 
because of the high cost and complicated manufacturing 
processes.

Immobilization

Surface immobilization uses common polymers such as 
LDPE, HDPE, PP, PET, PVA, and polystyrene. These com-
mercially available polymers are inert and must be pretreated 
to introduce reactive sites to the polymer surface for the 
attachment of functional compounds (Fig. 4d). Several sur-
face modification techniques have been developed for sur-
face functionalization, including UV irradiation (Goddard 
and Hotchkiss 2007). UV light can be used to create func-
tional groups or free radicals to initiate the graft polymeriza-
tion of functional monomers. Short-wave UV light (UVC, 
185 nm) can react with atmospheric oxygen to generate 
atomic oxygen and ozone, and ozone dissociates into molec-
ular oxygen and atomic oxygen on the absorption of 254-nm 
UV radiation. UV irradiation has been reported to be the 
best surface functionalization method (Barish and Goddard 
2011). Long-wave UV light (UVA, 400–315 nm) combined 
with photoinitiators/sensitizers (e.g., benzophenone) can 
convert light energy into useful chemical energy by abstract-
ing hydrogen from the polymer substrate to generate free 
radicals on the surface (Odian 1991). The free radicals can 
then initiate the graft polymerization of functional mono-
mers onto the polymer surfaces. Winestrand et al. (2013) 
developed enzyme-containing films using oxalate oxidase 
and catalase to scavenge oxygen. Their results suggest that 
the inclusion of catalase with oxalate oxidase effectively 
prevented the release of hydrogen peroxide. Immobilized 
enzymes can also be used successfully as both oxygen and 
oxalic-acid scavengers.

Active barriers

The use of oxygen scavengers in the form of films or 
sachets is not allowed in all countries; therefore, new 
concepts are needed to ensure excellent barrier properties 
in packaging materials and to incorporate oxygen scav-
engers into packaging films homogeneously. However, 
high-barrier plastic materials are available. To achieve 
the necessary improvements in the barrier properties of 
polymers, additional barrier layers or polymer multilayers 
must be used.

Mølgaard et al. (2014) developed a coating contain-
ing cationic nanofibrillated cellulose and polygalacturonic 
acid by the layer-by-layer method to achieve a high oxygen 
barrier and targeted release properties. The film showed 
low permeability to oxygen (0.033 mL (STP) mm/m2/day/
atm). Beckwith et al. (2014) invented a multilayer active 
oxygen barrier film using EVOH with a blend of polyocte-
nylene and a cobalt salt in the active oxygen barrier layer 
made of an EVA copolymer with an ethylene content of 
30–44 mol%. The oxygen scavenging rate was 0.01 mL/
day/g. Sirviö et al. (2014) developed oxygen barrier films 
from dicarboxylic acid-functionalized nanocellulose, 
α-hydroxy sulfonic acid cellulose, and taurine-modified 
cellulose, which demonstrated oxygen permeability values 
of 0.12, 0.20, and 0.44 cm3 μm/(m2 day kPa), respectively.

Tung et al. (2012) studied styrene–butadiene–styrene 
block copolymers for use as oxygen scavenging polymers 
in barrier applications. They found that the oxygen uptake 
was kinetically limited for thin films but diffusion con-
trolled for thick films.

Retort shock

Ethyl vinyl alcohol (EVOH) is the most common oxygen 
barrier material used in the production of plastic contain-
ers. Unfortunately, the oxygen barrier properties of EVOH 
decrease as the barrier layer absorbs water, which occurs 
during the hot retort processing (Müller 2013). Oxygen 
from the surrounding air can pass through the barrier layer 
during the drying stage, a phenomenon called retort shock 
(Dey 2012). The result is a significant quality loss dur-
ing storage. A strategy to overcome the susceptibility of 
plastic packaging material to retort shock is to incorpo-
rate an oxygen scavenger layer into the packaging material 
structure (Gibis and Rieblinger 2011; Shah et al. 2015; 
Singh et al. 2011). In such cases, it is preferable to use 
oxygen scavengers activated by the autoclaving process. 
Any oxygen that penetrates during the cooling phase is, 
thus, immediately scavenged, considerably improving the 
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quality of the packaged food (Mokwena and Tang 2012). 
The use of oxygen scavenging package for the pasteuriza-
tion and sterilization of resistant plastic laminates is novel 
and innovative. It not only protects the product but also 
creates opportunities for designing novel packaging sys-
tems with fewer materials, possibly eliminating the need 
for additional aluminum layers.

Fischer et al. (2015) studied a PA/EVOH/PA structure 
that had previously been considered unsuitable for sterili-
zation applications because of its large retort shock. They 
found that it could be used when the gas barrier layer was 
monoaxially stretched. Ideally, the gas barrier layer forms 
on the outside of the packaging film (facing away from the 
product) or is covered only by layers that have significant 
water vapor permeability, preferably at least as good as that 
of the PA sublayer. Their experiments showed that the retort 
shock could be restricted to a duration of 4 h in this way. In 
other words, after 4 h, the original gas barrier was (almost) 
completely reestablished. Lehner et al. (2015) extruded a 
multilayer film with pure PP and 20 wt% of an iron-based 
oxygen scavenger up to ten times at two temperature profiles. 
They found that the repeated extrusions reduced the oxygen 
absorption capacity at 23 °C by one-third, from 39 to 48 mg 
per gram of scavenger additive after one extrusion to 26 
and 35 mg per gram of scavenger additive after nine and ten 
extrusion cycles, respectively.

Recent developments in oxygen scavenging 
films

Nanoactive oxygen‑absorbing film

Because of their suitability and active functions, nanomate-
rials are already being implemented in the food packaging 
industry. Currently, the food processing industry is con-
centrating on creating new nanomaterials to enhance the 
mechanical and barrier properties of packaging (Peter et al. 
2012). Busolo and Lagaron (2012) studied nanoiron-con-
taining kaolinite incorporated into HDPE films as an active 
oxygen scavenging film, along with polyolefin nanocompos-
ites. The active kaolinite clay has a high oxygen scavenging 
performance, as shown in Fig. 5. Nanoparticles of metallic 
iron with an average particle diameter of about 115 nm show 
high oxygen uptake kinetics at 100% relative humidity (RH).

Akkapeddi and Lynch (2014) used dispersed nano-
particles of a polymerizing monomer in the presence of 
a platinum group metal catalyst to obtain a polymer oxy-
gen scavenging system. Containers made with this oxygen 
scavenging system could be used for food and beverage 
packaging because this scavenger exhibits high clarity and 
high oxygen scavenging properties. Llorens et al. (2012) 
investigated the incorporation of metal-based micro- and 

nanostructured materials, including Fe, into food-contact 
polymers to enhance the mechanical and barrier properties 
and prevent the photodegradation of the plastics. Addition-
ally, heavy metals are effective compounds for preparation 
as elemental nanoparticles. They can be incorporated for 
food preservation purposes but can also scavenge oxygen 
and extend food shelf life.

The use of bio-based agents in nanoapplications has also 
been investigated. Byun et al. (2012) developed a warm-
water fish gelatin film containing oxygen scavenging nano-
particles and iron (II) chloride. They compared their films 
with an unmodified fish gelatin film and found that their 
oxygen scavenging film had a rough surface, increased 
water vapor and oxygen permeabilities, and decreased ten-
sile strength because of the agglomeration of the oxygen 
scavenging system. In their oxygen scavenging measurement 
tests, the initial oxygen content (%) in the cup headspace, 
20.90%, decreased to 4.56% after 50 days of storage. The 
unmodified fish gelatin film also had a good oxygen scaveng-
ing capacity of 1969.08 mL/g. They used moisture to trigger 
the oxygen scavenging reaction.

Biodegradable oxygen‑absorbing film

The increasing manufacture and use of synthetic plastic 
materials have been major concerns for many years because 
such plastics are difficult to degrade, creating waste disposal 
problems (Akkapeddi and Lynch 2014). In recent years, 
many efforts have been made to develop environmentally 
friendly products by incorporating bio-composite materi-
als as an alternative to petroleum-based synthetic polymers 
(2016). Currently, the biodegradable polymer concept is 
emerging. Biodegradable polymeric materials are based 

Fig. 5  Oxygen scavenging capacity of polyolefin/10% iron kaolinite 
at 100%RH. Source: Adapted and modified from Busolo and Lagaron 
(2012)
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on polysaccharides extracted from agricultural, marine, 
animal, or microbial sources, and they use renewable raw 
materials such as proteins. These materials are susceptible 
to degradation by environmental factors such as soil mois-
ture, microorganisms, and oxygen (González and Alvarez 
Igarzabal 2013). Biodegradable polymers made from such 
renewable and natural polymers have received considerable 
interest in the food packaging industry. Scarfato et al. (2015) 
used biodegradable PLA and cast extrusion to develop an 
oxygen scavenging film for food packaging by incorporat-
ing microparticles of α-tocopherol as a natural antioxidant 
agent. Compared with a virgin PLA film, the developed 
aPLA film had acceptable mechanical, thermal, barrier, and 
optical properties and showed oxygen scavenging activity 
and prolonged exhaustion lag time. Mahieu et al. (2015) 
developed an extruded thermoplastic starch oxygen scaveng-
ing film with ascorbic acid and iron powder and studied its 
water sorption capacity, oxygen scavenging capabilities, and 
mechanical properties at different relative humidities. The 
film had excellent oxygen scavenging function that could 
be activated by increasing the relative humidity. When they 
blended the thermoplastic starch oxygen scavenging film 
with polycaprolactone (PCL), they found that the addition 
of 20% PCL slightly improved the mechanical properties at 
relative humidities (RH) lower than 72%. Recently, organo-
solv lignin and lignosulfonates have been used to prepare 
oxygen scavenging film materials in the form of coatings. 
The prepared active films were characterized using gel per-
meation chromatography, dynamic mechanical analysis, and 
wet stability, and those tests showed that using organosolv 
lignin and lignosulfonates improved the oxygen scavenging 
capability (Johanson et al. 2013). The use of biodegradable 
plastics is a new concept; hence, limited research has been 
done in this area.

Future trends

A bright future is anticipated for oxygen scavenging films 
in food packaging because they fit the food safety strategy, 
which involves an improved level of food safety and trans-
parency to consumers. The use of oxygen scavengers in the 
form of sachets, films, and closures is well established in 
the commercial market, but the use of oxygen scavengers 
in plastics continues to attract researchers. New research 
depends on the focus of the food and packaging industries. 
A major motivator should be the curiosity of food scientists 
to seek ever better results when they introduce new products 
to the market. Another important motivator is the need to 
maintain current quality levels as newer packaging materials 
become available. This is already visible with the introduc-
tion of rigid jars, bottles, and glass. The potential effect on 

canned food has not yet been determined but is expected to 
be large.

The use of organic-based oxygen scavenging agents in 
film form has increased in the past few years because of 
their advantages over metallic-based scavengers. Several 
new oxygen scavenging agents have been studied in the past 
few years. The use of natural and biological oxygen scav-
engers entrapped in a polymer matrix will be the focus of 
future work. Possible scavengers include food-grade anti-
oxidants such as vitamin E (α-tocopherol) and vitamin C. 
The use of immobilized aerobic microorganisms for oxy-
gen scavenging has also been suggested. The development 
of more scavengers triggered by activation will prevent the 
premature loss of scavenging capacity. An oxygen scavenger 
that indicates the level of oxygen present could act as both 
an active and intelligent package component. The accept-
ance of new oxygen scavengers will depend on their safety 
for direct food contact and their inability to leach harmful 
substances into the food or beverage. The use of biopoly-
mers as scavenging agents is another area of research. Some 
researchers have used PVA in their research, but its develop-
ment is still in the early stages. The optimization of oxygen 
scavenging parameters is necessary to extend the shelf life 
of many food products. There is a need for research into 
the combination of oxygen scavenging packaging with other 
technologies. To protect the environment and minimize the 
pollution caused by packaging materials, the development 
of biodegradable and nanoactive films for packaging is 
increasingly being emphasized. The use of multilayer oxy-
gen scavenging films will continue to be of interest because 
of the demanding legal requirements for food packaging. 
This will serve to drive not only packaging innovation, but 
also future research into scavenging agents and adhesives 
and the development of new tools for exposure estimation 
and compliance. Given the increasing interest in sustainable 
packaging, the effect of material recyclability should also 
be considered. The benefits of shelf life extension versus 
cost will drive future research and the widespread use of 
this technology. Nanotechnology is expected to play a major 
role in oxygen scavenging films, taking into account all addi-
tional safety considerations and filling the presently existing 
gaps in knowledge.

Challenges

Film processing

Difficulties in the processing of oxygen scavenging films 
present another challenge. The trend of using organic-
based agents has increased in the past few years. However, 
organic agents are unstable at the high processing tempera-
tures commonly used in extrusion; thus, it is challenging 
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for researchers to incorporate such materials into polymer 
matrices.

Retained oxygen scavenging activity and stability

In the past 10 years, oxygen scavenging packaging has 
become the most commercially important category of anti-
oxidant packaging materials (Dey 2012). The commercial 
application of an oxygen scavenging packaging material 
requires a rigorous evaluation of its functionality and sta-
bility; however, the oxygen scavenging efficiency of func-
tional agents can be affected by their addition to a packag-
ing material. One important technical hurdle to developing 
active packaging materials is finding a way to retain suf-
ficient capacity of the active components after they have 
been applied to the packaging systems (De Jong et al. 2005). 
The efficiency of an oxygen scavenging material is likely to 
deteriorate during the film manufacturing process, which 
involves high temperatures, shearing force, and high pres-
sure (Suppakul et al. 2003). The stability of oxygen scaveng-
ing packaging must also be evaluated in a variety of storage 
conditions to understand its performance profile better and to 
identify the optimal storage conditions for maximum activ-
ity retention (Gaikwad and Lee 2016). Among the oxygen 
scavenging substances, metallic and inorganic materials are 
relatively stable and are unaffected by the external environ-
ment. Therefore, to date, Fe-based materials have had the 
highest demand.

Film properties

The incorporation of oxygen scavenging systems and materi-
als in a polymer matrix can influence the physical properties 
of the plastic, including the tensile strength, elongation, gas 
barrier, thermal properties, and optical properties. Damaj 
et al. (2015) reported that a PVA film containing a cobalt 
(II) complex with the ligand l-threonine as an oxygen scav-
enger had reduced transparency compared with pure PVA 
films. The tensile and break strength and thermal properties 
of LLDPE film declined with the addition of an iron-based 
scavenger (Shin et al. 2011). Therefore, careful evaluation 
of the physical properties must be performed to ensure that 
oxygen scavenging films maintain the desired properties, as 
well as to better understand the feasibility of commercializa-
tion on an industrial scale.

Optically transparent polymer films have been widely 
used in food packaging applications. Recently, the use of 
oxygen scavenging systems in the form of nanomaterials 
has received attention because of their high reactivities and 
surface areas. However, the dispersion of nanoparticles plays 
a crucial role in the transparency of the resulting polymer 
film. The active agents in the polymer film should be highly 
dispersed, and an improper dispersion in the polymer matrix 

can be caused by insufficient shear during processing or a 
high affinity with the polymer matrix.

Effects of different food processing methods on film

The food industry uses various techniques to prolong the 
shelf life of food, both thermal and nonthermal, such as 
retort and aseptic processing, microwave-assisted thermal 
sterilization, high- and ultra-high-pressure processing, and 
high-intensity light pulses. These methods can affect the 
physical properties of the oxygen scavenging film. In ther-
mal processing, the used oxygen scavenging packaging films 
must resist high temperatures and mild pressures. Further-
more, the barrier properties should remain unaffected and 
not interact with the food product. In general, most oxy-
gen scavengers, including iron-based scavengers, scavenge 
more oxygen at high temperatures, so it is critical to choose 
an appropriate oxygen scavenging system for the packag-
ing material to avoid the absorption of oxygen during the 
processing stage. If this happens, the saturation of oxygen 
scavenging films will be very fast. Films containing iron-
based oxygen scavengers can face problems during micro-
wave-assisted thermal sterilization because of the iron in 
the packaging material. Therefore, the use of microwaves in 
processing is restricted. High-pressure processing is a prom-
ising new method for the treatment of foods with minimum 
quality loss. Here, foods are packaged and then placed in a 
pressure chamber (up to 400 MPa) for 5–20 min. Because of 
the high pressure, the physical properties of the oxygen scav-
enging process can change. Caner et al. reported that there 
is a significant increase in the oxygen, carbon dioxide, and 
water vapor permeabilities of metallized PET films when 
treated at 500 MPa for 30 min.

Migration of active compounds

Given the deliberate interaction between food and the pack-
age, a stringent examination of the safety of active packaging 
is both necessary and more challenging than with traditional 
packaging. New dedicated migration tests and mass trans-
fer modeling tools must be developed because the existing 
methods for traditional packaging might not be properly 
adapted to active systems. Potentially toxic migrants are 
a technical challenge because the active component must 
be compatible with the packaging material. The acceptable 
level of migration is set by regulating agencies, such as the 
US Food and Drug Administration (FDA) and the European 
Union (EU). The migration of oxygen scavenging chemicals 
is a challenge for researchers because they must consider 
all breakdown products and their toxicity. The compliance 
of active packaging with food legislation will be closely 
related to the migration of the film components. Assessing 
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migration implies the development of dedicated migration 
tests and mass transfer modeling tools.

Control of by‑products

The control of by-products from organic-based scavenging 
agents is the biggest challenge in food packaging. By-prod-
ucts include gases that can generate an off-flavor and change 
the appearance of food products. Such gases can also be 
harmful to humans.

Saturation level

Mostly, oxygen scavenger films reach their saturation point 
rapidly. If the oxygen scavenging film rapidly reaches oxy-
gen saturation, via permeation through the package wall, the 
oxygen which permeates through the package wall can satu-
rate in the headspace of package. This oxygen is responsible 
for microbial growth (in high water activity foods), as well 
as the generation of off-flavors, changes in color and taste, 
and ultimately a reduction in product quality and shelf life. 
To overcome such issues, first, the oxygen scavenging film 
should scavenge oxygen slowly and over an extended period; 
otherwise, the scavenging film will rapidly reach saturation 
and lose its capacity to trap more oxygen from the head-
space of the package, as well oxygen permeating from the 
outside environment. Secondly, the packaging agents should 
be a strong barrier to oxygen, i.e., a value not greater than 
20 mL/m2 day atm for packages in which an oxygen scaven-
ger is used so that oxygen from the outside environment will 
not permeate into package and the scavenger present in the 
package will scavenge only the oxygen present in package/
headspace. Third, for flexible packaging, heat sealing must 
be complete so that no air enters the package via the sealed 
portion. Lastly, the quantity of the oxygen scavenger must 
be commensurate with the size of the package.

Health concern

Oxygen scavengers such as iron oxides are harmful to human 
health. Such as, exposure to iron oxide can cause fever, body 
aches, chest tightness, cough, and pneumoconiosis. These 
health hazards related to oxygen scavengers have led to the 
implementation of various regulations pertaining to the han-
dling of harmful chemicals. This is one of the major chal-
lenges for the growth of the oxygen scavengers market in 
the coming years.

Regulation of active packaging

The increasing development of active packaging technolo-
gies challenges the current regulatory framework, which 
must now address new technical considerations to ensure the 

safety, quality, and stability of food products that use such 
packaging. Although the legislation applied to traditional 
packaging can be adapted to active packaging, specific laws 
and guidelines should be introduced to clarify the legal uses 
of novel technologies in food packaging. In the USA, current 
FDA regulatory programs include the food additive petition 
(FAP) program, generally recognized as safe (GRAS) noti-
fication program, and food contact substance (FCS) notifi-
cation program, which provide an authorization process for 
direct food additives, GRAS substances, and indirect addi-
tives, respectively (Koontz 2012). Migratory active packag-
ing should follow the FAP program or GRAS notification 
because this technology releases antioxidants into food as an 
intended technical effect. Nonmigratory antioxidant packag-
ing needs to follow the FCS notification program because 
the active agent is unlikely to migrate to the food (Koontz 
2012). Japan is also leading the development and use of 
active packaging for food, and active packaging concepts 
have penetrated markets in Australia. The development of 
active packaging in the EU market is limited, and most of 
the products already on the market in the USA, Japan, and 
Australia cannot yet be introduced in Europe because of 
the inadequate and stringent EU legislation. The regulation 
of active packaging in the EU is still evolving, and certain 
inherent constraints in the law (such as the overall migration 
limit) result in a set of hurdles, preventing regulation from 
keeping up with rapidly developing technological innova-
tions. The new active and intelligent packaging directive 
introduced in 2009 across Europe (EC Regulation 450/2009) 
is expected to bring much-needed clarity to this sector and 
pave the way for the launch of new products in the European 
market.

Consumer acceptance

Food producer, consumer, and retail acceptance are required 
to enable the introduction of active packaging on a large 
scale. A survey of European countries investigated consumer 
attitudes and found that most consumers were open to inno-
vations in this area, provided the agents are safe and the 
information concerning these products is unambiguous.

Conclusions

Oxygen scavenging active films have great potential to 
become appropriate packaging material for oxygen-sensitive 
foods. Research in this field has increased in the past few 
years, but some problems remain to be solved before such 
films can be applied to the mass packaging of consumer 
goods, particularly difficulties in processing and scavenging 
efficiency. Nevertheless, some oxygen scavenging films have 
been commercialized and are already available. These films 
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are based on iron, but future trends will favor organic-based 
oxygen scavenging systems because of the limitations of 
metal-based scavengers.
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