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Abstract: Polymer materials are used in several industrial sectors such as, paints and varnishes, packaging, and the 
automotive sector. The countless applications of this type of material stem from several factors such as lightness and 
ease of processing when compared to metals and ceramics. The possibility of chemical modification of polymers is worth 
mentioning, which can result in a new material with mechanical properties superior to those of the original ones. Another 
unique characteristic of polymer material is related to the ease with which they can be mixed with other elements 
(vegetable and synthetic fibers, metals, ceramics) to obtain a composite or hybrid material, thus expanding the spectrum 
of polymer applications. In this sense, the present work aims to show the uses of polymers in the packaging segment, 
addressing the main physicochemical and mechanical characteristics that are necessary for manufacturing packaging 
items as well as innovative technologies to obtain those materials. 
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1. INTRODUCTION 

Polymer materials have been part of modern society 
for decades now, allowing new areas of activity to be 
developed, and work fronts to be implemented. There 
are numerous examples in which the emergence of a 
new polymer has impacted the industry, the productive 
sector, and the consumption pattern. The large-scale 
production of natural rubber that, together with the 
development of the sulfur vulcanization process, 
allowed for new applications in damping systems, 
seals, etc.; the synthesis of cellulose nitrate, 
considered to be the first synthetic polymer produced 
by men - in 1846 -, first employed as a propellant and 
later in photographic films; the use of styrene mixed in 
synthetic rubbers, in 1930; the synthesis of nylon, in 
the 1930s; and the emergence of Teflon, in 1941 [1]. 
Polymer composites and hybrid materials also allow 
advances in certain sectors. The naval and 
aeronautical industry uses these materials as a way of 
reconciling good mechanical properties with lightness, 
combined with resistance to corrosion [2]. Despite the 
controversy surrounding these materials - since most of 
them are obtained through processes that use oil and 
gas-based inputs and, therefore, from non-renewable 
sources -, many efforts are being made to obtain 
sustainable polymers. In line with the circular  
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production process, many researchers have already 
developed production techniques with which it is 
possible to obtain polymers from renewable sources, 
the so-called ‘sustainable polymers’ [3]. Polyhydroxy-
alkanoates (PHAs) and poly(lactic acid) (PLA) are 
some examples of biopolymers, the latter having good 
mechanical properties and low cost [4] besides having 
several biomedical applications [5]. Even so, polymers 
and their composite and hybrid derivatives have much 
to contribute to maintaining the quality of human life. 
The present work aims to address some industrial 
applica-tions in which the use of polymers is funda-
mental to guarantee the quality of the product and/or 
process, showing some innovations in the area of po-
lymer materials geared towards the packaging sector. 

2. METHODOLOGY 

Data collection was based on consultations with 
sciencedirect.com, to which keywords related to the 
packaging area were submitted. The choice of this 
segment was based on the following criteria: 
importance of productive sector, environmental impact, 
and food safety. Regarding the collection of scientific 
articles related to innovation, the search period was 
limited to the period from 2000 to 2020. The keywords 
used were: packaging food, migration, safety food, 
polymers for food, food packaging materials. 

3. POLYMERS IN THE PACKAGING INDUSTRY 

In general, the materials used in packaging are 
paper, corrugated cardboard, carton, wood, plastic, 
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metal (aluminum and steel), and glass. These materials 
can be combined in several ways and shapes to obtain 
good quality packaging at competitive costs. Different 
types of plastic packaging are applied during the 
production process of many consumer products. They 
can be classified as primary, secondary and tertiary, 
depending on what they involve and at what stage of 
production they are applied [6]. In this article, the focus 
is on the primary packaging, which are in direct contact 
with the final consumer and whose application 
concentrates on ensure protection to the product and 
hygiene. 

On average, polymeric films for packaging have a 
thickness between 10 µm and 250 µm, depending on 
factors such as durability, chemical barrier and 
resistance [6]. Cellulosic materials have mainly the 
function of structuring the packaging, giving it various 
shapes, which facilitate handling, stacking, and 
transport, while giving low weight to packaging. They 
have an adequate surface for most different types and 
quality of printing [7]. The combination of cellulosic 
materials with conventional polymer films from 
petroleum or renewable sources – biopolymers – 
results in improved surface finishes and functional 
properties. This contributes to the provision of 
permeability features to water vapor, oil, and gases, in 
addition to enabling packaging sealing when tightness 
is required [8].  

3.1. Paper Packaging Technology 

Regardless of the type of packaging, technologies 
and researches explore materials that are less 
aggressive to the environment with reduced 
grammage, renewable raw materials, improvement in 
the substrate properties with the development of 
materials that support the load and preserve the quality 
of the content. Buchner [9] reports that 33% of all food 
available for human consumption ends up not being 
used at all. Among many factors that impact this 
number between the harvest and the final consumer, 
packaging plays an important role in this chain - mainly 
by maintaining the characteristics of the products - and 
may contribute to the reduction of those negative 
numbers. Therefore, lower consumption of raw material 
in the development of packaging cannot be neglected 
to the detriment of the integrity of the content. 
Currently, the demand for sustainable packaging has 
required the development of technologies where the 
polymeric film is biodegradable. Materials based on 
corn starch, cellulose, chitosan and proteins of animal 
and vegetable origin are interesting options, as they 

are low-cost, from renewable and biocompatible 
sources [10, 11]. 

3.2. Polymers Used in Cellulosic Material Coatings  

According to Kuan and Benazzi [9], coatings applied 
to paper surfaces may be produced for printing, when 
one wants to improve printing quality; for decorative 
purposes, when the aim is to improve the appearance 
of paper; and for functional purposes, when one wants 
to promote some specific property, such as resistance 
to moisture, gas, oil, and fat, which are the most sought 
after by the packaging sector [7]. Among the polymer 
coatings available, the most common for packaging are 
polyethylene (PE), polypropylene (PP), polystyrene 
(PS), polyvinyl chloride (PVC), polyethylene 
terephthalate (PET), and the ethylene/vinyl alcohol 
copolymer (EVOH) that, combined with paper from 
multilayer lamination or extrusion processes, can 
promote high permeability characteristics [12,6]. 

3.3. Factors that Influence Polymer-Paper Adhesion 

Lamination is not a simple process and, in general, 
requires many steps during the passage of the product 
through specific equipment. On the other hand, paper 
can be printed and coated for fusion sealing in a single 
operation. This combination reduces steps in the 
transformation process and, consequently, lowers 
production costs. 

There are four basic methods of lamination: by 
water-based adhesives or another solvent, which 
requires evaporation of the laminated vehicle to 
combine the substrates; by thermoplastic coating, 
which requires heat and pressure to laminate; by 
extrusion, in which a layer of molten plastic is applied 
onto a moving sheet of paper or film; and by hot melt 
coating, which differs from extrusion coating in that it is 
made at a lower temperature with a mixture of wax and 
other materials at a low melting point [13]. 

According to Ghanem and co-authors [14], due to 
its complexity, the adhesion mechanism cannot be 
explained just by one factor. So far, the following 
theories address this issue: mechanical interactions, 
electrostatics, diffusion, wetting, chemical adhesion, a 
weak adhesion layer, and the acid-base theories - the 
last four are based on the adsorption reaction by the 
surface. 

For Zhao and co-authors [13], the quality of polymer 
adhesion to paper is determined by adhesion 
resistance to mechanical stresses in terms of rupture 
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stress, referred to as ‘practical adhesion’. At this point, 
it is necessary to do distinguish ‘adhesion’ from 
‘adhesion force’. Once an adhesion bond has been 
formed, forces in the interface - such as the van der 
Walls forces and the acid-base interactions involved in 
the adhesion bond - are no longer a concern, since 
substrate separation is no longer susceptible to failure. 
This distinction is useful to understand the behavior of 
polymer/paper laminates. The formation of adhesion 
bonds with paper is an easy process due to its high 
superficial energy and porous structure. However, 
when compared to glass and plastic, the paper is a 
weak substrate and may suffer tearing or delamination 
when shear forces are applied between paper and the 
laminated polymer. 

When the lamination method includes the 
application of adhesives, a sufficient amount of them 
must be used in the interface between the materials. 
These must have an affinity with the adhesive used. 
Such interaction is especially important for polymers 
that have low surface tension and end up repelling the 
adhesive. In order to avoid this problem, a superficial 
treatment must be carried out aiming to increase 
surface tension. One of the treatments used to produce 
surface tensions on an industrial scale is Corona 
treatment. It consists of the application of electrical 
discharges capable of uniformly modifying the polymer 
surface. This discharge leads to the generation of 
reactive oxidants - such as ozone, oxygen free-
radicals, or oxygen atoms - responsible for moistening 
the surface, thus facilitating adhesion [15]. 

For the method with a coating applied by extrusion, 
the polymers used are preheated so that they can 
spread out and, when they come into contact with the 
paper, they establish molecular adhesion forces. 
Thermodynamically, the polymer adhesion propensity 
is described by the concepts of ‘surface energy’ or 
‘interface energy’ and by the work of adhesion and 
cohesion. In the contact region, the heated polymer is 
solubilized on paper forming the third phase with both 
substrates diffuse between themselves [16]. In order to 
fully use the polymer potential as coating, it must 
remain on the surface and not penetrate the base 
paper [17]. 

3.4. Permeability 

Permeability is a very important property for the 
packaging industry. Many packaged products are 
sensitive to water vapour or gases present in the 
environment where the packages are stored. 
Controlling the acceptable quantity that these 

components can permeate into the package is crucial 
for maintaining the quality of the product until it is 
opened by the consumer. This way, water vapour or 
gas permeability values of polymer films can be used to 
predict the shelf-life of packaged products and indicate 
specific applications for them [18]. Permeability to 
water vapour depends on the relative humidity of the 
air and the hygroscopic properties of the material used, 
in addition to the pressure differential that determines 
the driving force, since the diffusion direction can occur 
from a higher to a lower pressure [19]. The permeation 
process through the materials occurs in four stages: 
first, there is the absorption of water vapour or gas on 
the surface; second, there is the solubilization in the 
matrix; third, there is diffusion through the material wall; 
and finally, there is desorption on the other surface, 
that in contact with the packaged product [20]. 

3.4.1. Water Vapour Permeability (WVP) and to 
Oxygen (PO) 

Many undesirable reactions - such as oxidation, 
vitamin degradation, enzymatic reactions, and 
microbial reactions that reduce the shelf-life of food – 
are controlled by the water activity [21]. Mourad [7] 
reports that resistance to moisture absorption means 
that moisture penetrates at a low speed. The property 
that determines the resistance of paper to humidity is 
the water vapour permeability rate (WVPR), 
determined according to the ASTM E96 2016 standard. 
According to this standard, permeability is the rate of 
water vapour propagation per unit of area of flat 
material of unitary thickness induced by a difference in 
vapour pressure between two specific surfaces under 
fixed conditions of temperature and moisture. 

In order to obtain a good barrier material - that is, a 
barrier to gas and a barrier to water vapour -, a polymer 
must have some properties such as a high glass 
transition temperature (Tg), high chain rigidity and 
macromolecule packaging capacity, interaction 
between polymer chains [21]. The Crystallinity of the 
barrier material is important because a crystalline 
network is usually impermeable and increases 
tortuosity [22]. In addition to crystallinity, the polarity of 
the barrier material is also important for the oxygen 
barrier. An increase in material polarity leads to less 
permeability to oxygen [21].  

3.5. Innovation  

The current trend is that packaging fulfills more than 
its main function of protecting the filling and is also 
committed to producing lower CO2 throughout the 
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packaging life cycle. Renewable materials and 
nanomaterials, acting as smart reinforcements in the 
polymer matrices, have been developed to increase the 
packaging properties in the face of these contemporary 
requirements [23]. 

Biopolymers have gained attention in several 
applications following researches advances in 
disciplines related to packaging. The reduction of 
environmental impact, due to the renewable origin of 
the raw material still promotes unique properties when 
compared to conventional polymers from fossil 
sources. Another factor that makes biopolymers 
preferable is their affinity with fillings that, in some 
situations, function as active packaging providing 
improvement in the quality and safety of those foods 
[24]. An alternative to the thermoplastic resins 
traditionally used by the productive sector, the guar 
gum (taken from Cyamopsis tetragonolobus) can stand 
out in the market. The biopolymer film of guar gum can 
be formed using the polymer casting method. One of 
the additives incorporated into the polymer is 
polyvinylic alcohol, which can enhance mechanical 
properties and biocompatibility. The advantage of it is 
the fact it is not carcinogenic. It has good thermal and 
physical properties and a high expansion rate in 
aqueous solutions. The use of chitosan - a substance 
with bactericidal and fungicidal properties [25] in its 
formulation - allows obtaining a homogeneous, 
transparent and bubble-free film [26].  

Polymers obtained from renewable sources are 
ecological alternatives to the synthetic ones. However, 
they are at a disadvantage regarding the desired 
barrier properties. As a complement to the properties of 
biopolymers regarding barrier, reinforcements on a 
nanometric scale appear as co-adjuvants for they 
provide considerable gains even when used in low 
concentrations. Nanoclays, nanocellulose, and plant 
nanofibers, for example, have been studied in order to 
improve mechanical properties, microbial activities, 
barrier increase, and thermal behavior [27-29].  

Using 10%(w/w) nanocrystals and 2.5%(w/w) 
cellulose nanofibers as a coating on kraft paper and 
soy protein as the matrix, Tyagi [30] observed that, in 
the obtained film, there was a 260-times reduction in 
the permeability to oxygen, 30% reduction in the 
permeability rate to water vapor and in the kit test to 
check the barrier to fat leaving kit 0 to kit 11, when 
compared to uncoated paper. 

Combining 1 to 3%(w/w) nanoclay with the same 
quantity of cellulose nanofibers in a PLA matrix, Sillard 

and co-authors showed that the produced film reached 
a 90% reduction in the oxygen permeability rate and a 
76% reduction in the water vapor permeability rate, 
when compared to pure PLA. 

Studies on coatings with the application of silicon 
oxide (SiOx) by the plasma jet technique at 
atmospheric pressure have been conducted because 
they promote significant improvement in the barrier 
properties to oxygen and moisture. This technique is 
preferable for its lower complexity when compared to 
other techniques that have been developed: 
evaporation, spraying, chemical vapor deposition, and 
chemical deposition enhanced by plasma, in addition to 
being able to be applied to polymer films [31].  

4. POLYMERS FOR FROZEN PRODUCT PACKAGING 

The meat production chain is perhaps the one that 
most uses polymeric films for packaging. This is 
because the frozen product must have a long useful life 
in order not to perish during international and national 
distribution logistics [6]. This primary barrier, generally 
based on polymers, needs to inhibit the product's 
exposure to oxygen, heat and light [32]. 

Among the polymers used in refrigerated and/or 
frozen food packaging, polyethylene (PE) stands out, 
which, with its high oxygen permeability characteristics 
and excellent behavior at low temperatures. It is ideal 
for packaging fresh meat and frozen chicken. Another 
prominent polymer that can be used for packaging 
meat food is the polyvinyl chloride (PVC). Even with the 
need to use additives in its formulation, this one can be 
used to protect stored meat. The development of food 
packaging requires a preliminary understanding of the 
product's behavior under storage and stock conditions. 
Thus, it is not enough to design a film that is only 
flexible or biodegradable. Other factors must be taken 
into account, such as controlling the migration of 
chemical agents, including odors, oxygen, water and 
CO2. Cheese packaging, for example, requires an 
understanding of the dynamics of the packaged 
product. During the ripening process, Emmental 
cheese emits CO2, which needs to be purged, and 
propionic acid. In this process, the entry of oxygen 
must be prevented, while water vapor must be kept 
inside the package [33]. 

4.1. Physicochemical Properties of Packaging for 
Refrigerators  

The growth of deteriorating microorganisms, the 
oxidation of pigments and the enzymatic activity are 
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favored by the gaseous composition of the atmospheric 
air and other gases inside the packaging. One of the 
determinants of deterioration interference inside food 
packaging is the atmosphere around the product. This 
factor also determines the growth rate of 
microorganisms. One of the techniques used for 
reducing deterioration of meat products is to replace air 
inside the packaging with a mixture of active gas with 
antimicrobial action. This is possible through an 
injection of CO2 or by using vacuum packaging [34].  

The technique of modifying the atmosphere inside, 
the packaging can be classified as active or passive. 
The passive one is used in cases in which the products 
need to breathe for their conservation, as in the case of 
fruit and vegetables. The modified-atmosphere 
technology for non-living products is active. Active 
packaging and the active oxidizing packaging are 
based on the inclusion of active agents in packaging 
that interacts with the meat - or another content -, 
containing natural or synthetic antioxidant agents 
inactive compounds that protect the product from lipid 
oxidation [35-37]. 

Technologies associated with oxygen absorbers 
use one or more of the following principles: Iron-
powder-based compounds; low molecular weight 
reducing organic substances; enzymatic systems; iron-
reducing components; polymer resins; fatty acids; 
biological oxygen absorber; sulfite and its analogues 
[37]. 

There are two groups of films for oxidizing 
packaging. The classification depends on whether the 
antioxidant compound is on the surface or whether it is 
incorporated into the polymer [37]. When an antioxidant 
packaging with active compounds incorporated in the 
polymer matrix is produced, the antioxidant is mixed 
with the polymer by dissolving both in an appropriate 
solvent (molding procedure) or by melting the 
antioxidant with the polymer (extrusion procedure). The 
other technique consists of immobilizing the 
antioxidants on the polymer surface, which were 
previously treated through physical or chemical 
methods in order to favor adhesion to the active 
compound (coating procedure) [38]. 

The characteristics of the polymer matrix and food, 
and the type of antioxidant used are factors that 
influence the release of antioxidant compounds and the 
release rate can be increased with the addition of 
plasticizers to the polymer matrix. 

4.2. Innovations in the Area of Packaging for 
Refrigerators 

Packaging alternatives have been studied by the 
meat industry due to the deterioration of meat products 
and due to the growth of microorganisms during 
processing and storing of the product. Lipid oxidation is 
the main cause of deterioration in meat products due to 
their perishable characteristics, their high fatty acid 
content, and their amounts of fat. For these 
characteristics, together with the scientific community, 
the meat industry has been studying new packaging 
named ‘active antioxidant packaging’. They have as a 
principle the addition of active compounds able to 
interact with the environment avoiding lipid oxidation. 
Butylated hydroxyanisole is an example of synthetic 
antioxidants used in the polymer matrix with a 
protective function against lipid oxidation. However, 
with the consumption trend directed to more natural 
products, the packaging market has been forced to 
develop packaging with natural antioxidants [38]. 

Research on the use of natural types of antioxidants 
is still under development. However, studies are 
showing the efficacy of some compounds that present 
significant results in their use and in replacing synthetic 
antioxidants. Active films incorporated by coating 
techniques with natural antioxidants - such as 
rosemary – have suppressed lipid oxidation and 
prevented the formation of secondary lipid oxidation 
products. Another example of using a film with a 
natural oxidant is the result of the compound obtained 
by the casting method of a biopolymer matrix – potato 
starch, for example – with 5% green tea as a natural 
antioxidant. In these studies, the samples presented 
lower ratios of lipid oxidation and an enhancement in 
stability of the reddish color of meat [38]. 

Other natural antioxidants studied as packaging 
additives are cocoa and coffee. This is so because they 
are sources of polyphenols and flavonoids with 
antioxidant capacity. They are safe when in contact 
with food, in addition to having great availability. The 
simultaneous use of cocoa and coffee can result in an 
enhanced synergistic antioxidant effect, as they result 
in linked antioxidants instead of free antioxidants. The 
use of cocoa and coffee as additives to the polymer, in 
addition to pigmenting the packaging, gives the film 
water vapor permeability. Thus, packaging resistance 
to catalytic oxidation of food is increased by the action 
of water or light [39]. 

Recent studies show the development of smart 
packaging - which, in many cases, are just modified 



Innovations in Polymer Applications - Plastic Packaging Journal of Research Updates in Polymer Science, 2020, Vol. 9      29 

nanomaterials that can indicate a certain quantifiable 
chance – and composites in nanoscales. One of the 
aspects of smart packaging is the material itself. 
Nanocomposites are impermeable to some 
components, such as oxygen, light, moisture, and 
some gases, which increase product deterioration and 
microbial activity. Thus, smart packaging interacts with 
food and gradually releases its active nanomaterials, 
preventing deterioration and an increase in microbial 
activity. Silver nanoparticles are usually used for this 
purpose [40], aiming to reduce one of the major 
problems of the food sector: the deterioration of 
products and its consequences for public health. The 
first chemical agents used in active packaging were 
organic acids, enzymes and polymers. In recent years, 
however, metal nanoparticles or metal oxides have 
been used due to their stability in the face of 
processing conditions [41]. Nanoparticles based on 
magnesium oxide, copper oxide, zinc oxide, titanium 
and silver have been investigated as fillers for polymer 
films, due to the antibacterial activity of these metals 
[42-44]. Thanks to chemical stability, ease of chemical 
modification and non-flammable characteristics, PVC is 
widely used by the packaging industry, including as a 
matrix for nanocomposites. Shimoga and co-authors 
[45] evaluated composites of PVC-silver nanoparticles 
(silver nanoparticles-polyvinylchloride composites) for 
film composition. In their studies based on the doping 
of silver nanoparticles, the authors verified a 
homogeneous distribution of the particles in the 
polymeric matrix, for stoichiometric concentrations 
between 2.5 and 10%, as well as an increase in 
thermal stability. Silver nanoparticles, AgNPs, have a 
broad spectrum of antibacterial activity, including 
Gram-positive and negative bacteria, fungi and viruses 
[46]. And for that reason, they attract interest from the 
packaging industry. 

Because nanoparticles have more reactive 
characteristics than other particles, nanotechnology 
has raised concerns in countries like the USA, which 
has led to the publication of regulatory standards for 
different classes of nanomaterials. Currently, these 
standards present divergences regarding the use of 
packaging. It is, therefore, crucial to check the toxicity 
of nanoparticles in the industrial production of food 
packaging [40]. Li and co-authors [47], for example, 
found that the migration of silver ions present in a film 
based on lactic polyacid (PLA) increased with the 
storage time of the packaged product (cottage cheese). 
In his studies under simulated conditions, Echegoyen 
[44] verified the migration of silver particles from the 
polymeric packaging to the content. However, with 

values below the limit established by European 
regulations. 

5. CONCLUSIONS 

The review of the literature shows that important 
research has been carried out in the last 3 years 
regarding the application of polymers in packaging. 
Film production based on biopolymers and 
modifications in formulations – such as the inclusion of 
natural antioxidants – are some alternatives adopted 
and stimulated by the productive sector. Despite global 
efforts to reduce the use of plastic packaging, the need 
to store food products demands an intense Research 
and Development (R&D) work on new materials that 
reconcile market and sustainability. In this sense, 
polymers will still be highlighted in the coming years, 
bringing challenges both for researchers and 
manufacturers. 
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