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ABSTRACT 
 
The final quality of a packaged food is directly related to the performance of packaging materials 
to use. Currently, multilayer polymeric materials are being used to provide the food the required 
protection but with a high environmental impact. One way to develop monolayer packaging 
materials with enhanced gas barrier properties can be the use of nanoparticles (clays, metal 
oxides) which, incorporated to the polymeric material, result in polymeric nanocomposites. 
 
This article is a review of the use of nanoparticles in polymers used in packaging materials, with 
enhanced gas barrier properties, and the current legislation concerning about its use in food-
sector. 
 
 

 
 
1. Introduction 
 
Nanotechnology has emerged as one of the 
most innovative technologies occurred in 
decades. Nanotechnology is defined as a 
series of techniques and sciences in which 
materials, substances and devices between 
1 and 100 nanometres are studied, 
manipulated and produced. At nano-scale, 
new chemical and physical properties of 
some materials have been observed. The 
small size of nanoparticles together with 
the combination of their chemical 
composition and superficial structure 
provides a wide range of different 
applications. 
 
In food technologies, nanotechnology has 
the potential to improve food quality and 
safety. The final quality of a packaged food 
is directly related to the food and features 
of the packaging materials. In this sense, 
some foods are oxygen sensitive (i.e. 

snacks, pastries, diary foods, juices…), 
therefore packaging materials with oxygen 
barrier are required to protect the food during 
its shelf-life. Nowadays, polymeric multilayer 
materials are employed for these applications 
due to the protection they offer. But its use 
produces a significant environmental impact. 
 
The incorporation of nanoparticles in food 
packaging materials results in nanocomposite 
materials with enhanced gas barrier 
properties, protecting the food and increasing 
its shelf-life. Besides, these materials are 
considered a more environmentally friendly 
solution due to the reduction of requirements 
to use plastics as packaging materials. 
 
 
2. Polymeric nanocomposites 
 

Polymer nanotechnology is actually developed 
mainly to improve barrier performance 
pertaining to gases such as oxygen and carbon 
dioxide. Performance to ultraviolet rays, 
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enhanced strength, stiffness, dimensional 
stability and heat resistance are other 
improved properties of nano-polymeric 
materials. 
 
Nanocomposite polymeric materials are 
obtained by the incorporation of small 
amounts (less than 10 wt%) of nano-sized 
fillers into a polymer matrix [1]. Nanofillers 
can be classified according to their 
morphology, such as (i) layered (clays), (ii) 
spherical (silica) or (iii) acicular (whiskers, 
carbon nanotubes). Their specific 
geometrical dimensions, and thus aspect 
ratios, partly affect the final materials 
properties. Polymers incorporating clay 
nanoparticles (layered particles) are among 
the first polymer nanomaterials to emerge 
as improved materials for food packaging 
[2]; the use of clays is due to their low 
cost, effectiveness, high stability and 
benignity [3]. 
 
Different morphological arrangements in 
polymeric nanocomposites can be achieved: 
non-intercalated nanocomposites, 
intercalated nanocomposites, exfoliated 
nanocomposites and flocculated 
nanocomposites. The formation of one of 
these morphologies depends strongly on 
the strength of interfacial interactions 
between the polymeric matrix and the filler. 
 

 
Figure 1. Illustration of the “tortuous pathway” created 
by incorporation of exfoliated clay particles into a 
polymer matrix [3]. 
 
The dispersal of nano-sized fillers into the 
polymer matrix affects the barrier 
properties of a homogeneous polymer film 
creating a tortuous path for gas diffusion. 
Because the filler materials are essentially 

impermeable inorganic crystals, gas molecules 
must diffuse around them rather than taking a 
straight line path that lies perpendicular to the 
film surface. The result is a longer mean path 
for gas diffusion through the film in the 
presence of fillers (Figure 1). Essentially, the 
tortuous path allows attaining larger effective 
film thicknesses while using smaller amounts 
of polymer. 
 
Several different polymers and clay fillers can 
be used for obtaining clay-polymer 
nanocomposites. The polymers most used are 
polyamide, nylon, polyolefins, polystyrene, 
ethylene-vinylacetate copolymer, epoxy resins 
polyurethane, polyimides and polyethylene 
terephthalate. The nanoclay generally used is 
the montmorillonite (MMT), a hydrated 
alumina-silicate layered clay consisting of an 
edge-shared octahedral sheet of aluminium 
hydroxide between two silica tetrahedral 
layers [4]. In Table 1 some results of 
improvement of barrier properties in several 
polymer nanocomposites are shown. 
 
Polymer nanocomposites can be prepared by 
different processes: solution, in situ 
polymerization and melt processing. The 
manner in which the nanocomposite is 
processed can play a large role in how the clay 
particles are distributed throughout the matrix 
and, therefore, the barrier properties of the 
resulting material.  
 
Other nano-scale additives currently used in 
polymeric materials are metal particles such 
as silver, zinc oxide and titanium oxide. These 
additives provide to packaging materials 
antioxidant and/or antimicrobial properties, 
achieving an increase in the shelf-life of 
packaged food. In this sense, silver particles 
have demonstrated their positive effect 
against some bacteria such as E. Coli, 
Staphylococcus aureus, Pseudomonas 
aeruginosa [3]. Titanium oxide particles are 
also used as additives in food packaging 
materials due to their antimicrobial activity. In 
this case, titanium oxide particles show 
antimicrobial activity only in presence of 
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ultraviolet light. Other nanoparticles that 
have shown antimicrobial activity are 

copper [9] and zinc oxide [10],[11]. 
 

 
Table 1. Improvement of barrier properties in polymer nanocomposites. 

 

Polymer Filler Result Ref. 

Polypropylene (PP) 
 
Polyethylene (PE) 

Montmorillonite 

- Oxygen barrier in PP nanocomposite 
lower than 22%. 
- Reduction of 12.5% in oxygen barrier 
in PE. 

[5] 

Polyethylene 
terephthalate (PET) 

Montmorillonite 
Improvement of oxygen and vapour 
water barrier. [6] 

Polystyrene (PS) Montmorillonite 
Reduction up to 63% of oxygen 
barrier. [7] 

Polyethylene (PE) Montmorillonite 
Reduction of 60% in oxygen 
transmission rate and 45% in vapour 
water. 

[8] 

 
 
3. Nanotechnology applied to 
biopolymers 
 
Most of the traditional packaging materials 
are petrol-based materials, which are non-
degradable materials increasing, therefore, 
environmental pollution, also for the 
consumption of fossil sources for their 
production. Nowadays, some alternatives to 
these fossil-based materials are 
biodegradable polymers which are obtained 
through renewable resources. Some of 
these biodegradable polymers exhibit poor 
barrier and mechanical properties and these 
properties need to be improved for their 
use in food packaging applications. 
Biodegradability of a packaging material 
can be enhanced with the introduction of 
inorganic nanoparticles, such as clay, into 
the biopolymeric matrix. 
 
One approach to improve the properties of 
biodegradable polymers is the use of hybrid 
organic-inorganic systems and, in 
particular, those containing layered silicates 
[12]. The platelet-like structured silicate 
complexes in biodegradable polymer 
matrixes and therefore able to improve 
their strength, stiffness and water and gas 
permeability even at low levels (1 to 5 

vol.%). Addition of nanoclays, in particular 
kaolinite nanofillers, to films made of polylactic 
acid (PLA), a type of biopolyester, improved 
both thermal stability and mechanical 
properties without decreasing barrier 
properties [13]. 
 
A wide range of nanocomposites based on 
biopolymers have been elaborated with 
different matrixes, such as poly(ε-
caprolactone) (PCL), polylactic acid (PLA), 
polyhydroxyalkanoates (PHA) or with agro-
polymers extracted from biomass, such as 
starch or chitosan [14]. 
 
 
4. Legal framework on nanotechnology 
 
Before starting using nanotechnology in 
packaging polymeric materials, it is necessary 
to do a complete revision of all legislation 
concerning nanomaterials in food-sector. 
Because nanotechnology has been identified 
as a key enabling technology (KET) providing 
the basis for further innovation and new 
products. The European food packaging sector 
needs to know exactly the legal framework on 
nanotechnology in food, feed and materials in 
contact with food products. 
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European Parliament, the Council and the 
European Economic and Social Committee 
have developed the “Regulatory Review on 
Nanomaterials” [15] in order to deep in this 
topic. 
 
Until now we have the legal definition of 
nonmaterial; last year 2011 (October 18th 
2011), just a few days ago, the European 
Commission signed its Recommendation 
about the legal definition of nanomaterial 
[16]. This definition is a good step for 
creating a regulatory frame based on 
certain decisions, but it still justifies some 
uncertainty and specialities in concerns of 
the environment, health security or 
competitiveness: 
 
‘Nanomaterial’ means a natural, incidental 
or manufactured material containing 
particles, in an unbound state or as an 
aggregate or as an agglomerate and where, 
for 50 % or more of the particles in the 
number size distribution, one or more 
external dimensions is in the size range 1 
nm-100 nm. 
 
In specific cases and where warranted by 
concerns for the environment, health, 
safety or competitiveness the number size 
distribution threshold of 50% may be 
replaced by a threshold between 1 and 
50%. 
 
By December 2014, the definition set out in 
points 1 to 5 will be reviewed in the light of 
experience and of scientific and 
technological developments. The review 
should particularly focus on whether the 
number size distribution threshold of 50% 
should be increased or decreased.” 
 
The definition in this Recommendation 
should be used as a reference for 
determining whether a material should be 
considered as a “nanomaterial” for 
legislative and policy purposes in the Union. 
 

The European Commission Joint Research 
Centre Reference report “Consideration on a 
definition of nanomaterial for regulatory 
purposes” suggests that a definition of 
nanomaterials should address particulate 
nanomaterials, be broadly applicable in 
European Union legislation and be in line with 
other approaches worldwide. Size should be 
the only defining property which necessitates 
a clear definition of the nanoscale limits. 
 
ISO defines the term nanomaterial as 
“material with any external dimensions in the 
nano-scale or having internal structure or 
surface structure in the nano-scale” The term 
nano-scale is defined as size range from 
approximately 1 to 100 nm [17]. 
 
Technological development and scientific 
progress continue with great speed. The 
definition including descriptors should 
therefore be subject to a review by December 
2014 to ensure that it corresponds to the 
needs. 
 
The main legislative references for the use of 
nanoparticles in food [18] are those 
regulations on plastic materials and active and 
intelligent materials intended to come into 
contact with food. In this regulation it is 
explained: 
 

 In any case, the nanoparticle will not 
be covered by the functional barrier 
concept. 

 The authorisation of a particle in its no-
nano size does not involve the 
authorisation of the particle in its nano 
size. 

 For the authorisation of a nano-
substance for its use in plastic and 
active materials intended to come into 
contact with food will be strictly 
necessary to process the appropriate 
authorisation to the European Food 
Safety Agency (EFSA). This 
authorisation will be studied under the 
principle of risk assessment of the 
nano-substance. 
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Table 2. Authorisation of titanium nitride nanoparticles in Commission Regulation No 10/2011. 

 

 
 
 
The European Food Safety Agency (EFSA) 
published in 2011 a scientific opinion called 
“Guidance on the risk assessment of the 
application of nanoscience and 
nanotechnologies in the food and feed 
chain”. This document offers practical 
guidance for the risk assessment of 
applications involving the use of engineered 
nanomaterials in the food and feed chain 
(including food additives, enzymes, 
flavourings, food contact materials, novel 
foods, feed additives and pesticides). 
 

At present, there is only one authorised 
nanoparticle for plastic materials intended to 
come into contact with food [18]. This 
nanoparticle is titanium nitride (TiN) and can 
be used only when no migration of 
nanoparticles to the food is detected. Its used 
is only in PET bottles, at concentrations up to 
20 mg/Kg. 
 
 
 

Table 3. Future legislation, nanomaterials and foodstuffs. 
 

Action Content Timeline 

Implementation of definition into European 
Union legislation and use in Union 
Agencies. 

Done for biocides: adaptation of the 
definition for cosmetics is in progress 

Report on existing measurement methods, 
possible update of Q&A. 

2012 

Proposal for a first set of detection, 
measurement and monitoring methods. 

2014 

Nanomaterial 
definition 

Review of definition. 2014 

Mandatory labelling for nano-ingredients 
in food introduced in labelling Regulation. 

Labelling applicable from December 
2014. 

Definition of “engineered nanomaterial” in 
labelling Regulation. 

Definition to be updated to Commission 
Recommendation. 

Pre-market approval under Novel Food 
Regulation for food under nano form. 

To be addressed in the Novel Food 
Proposal foreseen for 2013. 

Food 

Requirement for risk assessment for food 
additives and food contact materials. 

For additives and food contact 
materials risk assessment as the case 
arises (with authorisation where 
appropriate). 

Food contact 
materials 

Authorisation of individual food contact 
materials. 

Two nanomaterials authorised; further 
assessments as the case arises. 
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Concluding, it is very important a risk 
assessment of every nanoparticle to use in 
plastic packaging materials. This should be 
performed on a case-by-case basis, using 
pertinent information. Current risk 
assessment methods are applicable, even if 
work on particular aspects of risk 
assessment is still required in order to 
develop the legal framework in food-sector. 
 
The definition of nanomaterials will be 
integrated in EU legislation, where 
appropriate. The European Commission is 
currently working on detection, 
measurement and monitoring methods for 
nanomaterials and their validation to 
ensure the proper implementation of the 
definition. 
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