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1. Introduction
Nowadays food packaging is a multifunctional participant in the food industry.
The packs have multiple functions; they contain, preserve and protect the product. The outer covering should also to inform the consumer about the product and
the design should promote the product. The packaging also has a secondary function, that of loss,, damage and waste reduction for distributor and customer and
the facilitatation of storage, handling and other commercial operations.
Packaging technologies bring together a vast range of techniques and materials with two basic objectives: to protect the product and to display items for sale.
So packaging has thus progressed from the functional to the expressive as result
of some factors: the aim to motivate customers to buy the product and to convey
a suitable product image for selling.
According to the FAO report, 50% of agricultural products are destroyed
because of the absence of packaging. The causes of this loss are bad weather,
physical, chemical and microbiological deteriorations. Industrialization and the
consumption of natural resources has accelerated progress so the manufacturer of
packaging or manufacturer of packaging machines have to adapt and to anticipate
trends and realize that only automation can provide the necessary flexibility to
satisfy industrial needs. Progress in the packaging of foodstuffs will prove crucial
over the next few years mainly because of new consumer patterns and demands
creation and of world population growth which is estimated to 15 billion by 2025.
In this context “Packaging for foodstuffs” became more of a necessity today
than yesterday, but not nearly as much as tomorrow (Jean-Paul Pothet, 1996).
At present, foodstuffs represent 50% of the market for packaging, which represents a huge growth of this business field. These changes led to new developments
in packaging technology.
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2. Food Packaging Techniques
In the last decade the most important additional function of the packaging method
was to prolong the shelf-life of the food product. There are a lot of new methods,
used worldwide, in food packaging based on reduced -oxygen atmosphere surrounding the product.

2.1. Vacuum packaging
In this technique the package is evacuated and closed, leaving a very low amount
of air, especially oxygen (O2) in contact with the food.

2.2. Moderate vacuum packaging
The product is stored under a pressure of around 400 mBar at chilling temperature. This can take place in a rigid, airtight container or a plastic pouch. The
amount of available O2 to food, which is about one third of the normal, is slowing down the metabolism of respiring produce and the growth of spoilage
microorganisms.

2.3. Active packaging
The composition of the atmosphere in the package can be changed by placing
sachets with oxygen scavengers or CO2 emitters in the package or using another
special means. The packaging materials must have a low permeability to different used gases.

2.4. Edible coatings
The technique uses edible coatings or films, which can act to food product as a
protective superficial layer i.e. for many years waxing of fruits. Currently, edible
films and coatings which protect a food against microbial spoilage as well as loss
of quality are developed on the basis of proteins, starches, waxes, lipids, antimicrobial and antioxidant compounds.

2.5. Modified atmosphere packaging
MAP means that an atmosphere with a gas composition different from that of
atmospheric air is created in the package.
The properties of the main used gases are the following:
CO2 – antimicrobial effect;
O2 – the aim in gas packaging is to reduce the oxygen concentration in the headspace of a package below 1-2 %, even to 0.2 % by replacing oxygen with nitrogen
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and /or carbon dioxide. In gas packaging of retailing raw meat, for example, a
high oxygen concentration, even 80 % is used in order to extend the duration of
oxymyoglobin which gives a cherry red colour to meat surface;
N2 – inert gas.
In MAP of non-respiring foods a high CO2 content (>20%) is used in most
cases with a low O2 content (<0.5%) and a storage temperature < 5˚C is recommended. In MAP of respiring foods, i.e. fresh fruits and vegetables, once the
atmosphere has been changed to the desired level, the respiration rate of the produce should equal the diffusion of gases across the packaging material in order to
achieve an equilibrium atmosphere in the package.

2.6. Aseptic packaging
Normally means that foods after heat processing are transferred to “sterile” and
hermetically sealed containers under aseptic conditions, so that no re-infection
takes place. The principle is well known for liquid products, e.g. (UHT) milk,
fruit juices etc.
The technology called “clean room” is intended to drastically reduce the number of microorganisms in the areas where food products are produced, sliced or
packaged, in order increase safety and stability.

3. Packaging Systems
There are eight different types of packaging systems for gas packaging namely:
horizontal form-fill-seal machines for rigid and semi-rigid packages, horizontal
and vertical form-sill-seal machines for flexible “pillow-pack” pouches, vacuum
chambers machines, Gemella packaging system, Fibrelam system, Bag – in – carton systems, Bag-in-box system, Walki-Vent system and Flavaloc.

3.1. Horizontal form-fill-seal machines for rigid and
semi-rigid packages (so-called deep-draw machines)
The system consists of 2 webs; the forming and non-forming web (figure 1).
The forming web is heated and the film is drawn into a forming die to create
the desired pocket by the application of a vacuum or mechanical means. The
foodstuff to be packed is then placed in the formed pocket, a vacuum is created, a gas mixture is injected into the package, and the package is sealed. The
package usually consists of a semi-rigid base tray (PVC-PE) lidded with a
thinner material. Suppliers are e.g. Multivac, Kramer&Grebe, Mahaffy&
Harder and Dixie Union. This type of packaging systems is mainly suitable for
the retail packaging of meat, poultry, fish, cocked meats, bakery products,
cheese and nuts.
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FIGURE 1. Different Food Packaging.

3.2. Horizontal and vertical form-sill-seal machines for
flexible “pillow-pack” pouches (so-called flow-pack
machines)
The package is usually made from a single film and is totally flexible. These
machines can also wrap a pre-filled tray of product, but are only capable of a continuous gas flush. Although this allows a good level of purging of the air, mixtures containing high levels of oxygen cannot be used due to the use of hot sealing
jaws at the end of the machine. The air from the package is removed only by continuous gas flushing. For certain very porous products (e.g. some bakery goods)
substitution of the surrounding atmosphere is still insufficient to achieve the
desired results. In such cases, an injection station can be fitted to the machine
infeed so that the product itself is impregnated with gas immediately prior to
packaging. Suppliers are e.g. Rose Forgrove, Aucoutourier, Fuji and Ilapak.
These kinds of packaging systems are mainly suitable for the retail packaging of
bakery products, snack foods, coffee, cheese, nuts, meats, fish, salads and fruits.

3.3. Vacuum chambers machines
Preformed plastic bags and trays are used in these machines. Bags have been used
for several years for prime meat cuts and cooked meats. Suppliers of machines
using bags include Multivac. Trays are more recent development and are becoming more frequently usedl. Examples of such machines include the Dyno or
Multivac “Space” machines, which can use pre-made HIPS, HDPE or PET trays.
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These types of packaging systems are suitable for both retail and catering packaging of meat, fish, nuts, and prepared meals.

3.4. Gemella packaging system
This system uses either form-sill-seal or preformed composite board-plastic trays.
Basically, Gemella packs can be sealed on any appropriate sealing machine with
a gas flushing feature. The supplier is Mardon/Smiths in UK. The system can be
applied to meat, poultry, fish, cooked meats, fruit, vegetables, cheese, bakery
products, salads and ready meals.

3.5. Fibrelam system
The system involves the use of a preformed plastic laminated (polypropylene,
polyester or ionomer/polyvinylidenechloride) fibre tray, a compatible plastic lidforming film and suitable packaging machinery. Two packaging machinery systems have been developed: a special semi-automatic table-top machine for small
processors and a modified Tiromat (Kramer&Grebe) vacuum-forming machine
for large processors. The fibrelam packages are claimed to be cheaper than plastic trays. The supplier is Keyes Fibre/Maidstone Machine Co. in UK. The system
can be applied to meat, poultry, cooked meats, fruit, vegetables, bakery products,
salads and ready meals.

3.6. Bag-in-carton systems
The Hermetet system supplied by Akerlund&Rausing is probably one of the best
known. The packages are consumer size for dry powders and granules, such as
coffee, tea and dried potato powder. The air from the package is removed by a
vacuum, after which the package is gas flushed.

3.7. Bag-in-box system
The product is loaded into a barrier or non-barrier bag. It can be in bulk or in conventional EPS trays with film over-wrap. The machine inserts two snorkels into
the top of the bag, creates a vacuum and gas flush (figure1). The system has the
advantage that a conventional unit pack can be produced and then gas-flushed.
The suppliers are e.g. CVP, Corr-Vac, Snorkel-Vac and Bernhardt. Only the
Bernhardt machine operates automatically, the others are manually operated.

3.8. Walki-vent system
The system is based on pre-made laminate pouches with a vent and the use of
CO2 pellets, which start gassing as soon as the package is sealed. It is not necessary to feed gas into the package, and normal vacuum packaging equipment can
be used. However, a special sealing tool is required to use the Walkivent system
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on web-fed vacuum packaging machines, since the ventilator is formed in the
heat seal. The purpose of the ventilator is to allow the excess pressure formed during the gasification of CO2 pellets to escape. The system can be applied to raw
meat, chicken and fish.

3.9. Flavaloc
Flavaloc is a system that has beeb developed in Australia. It is similar to the conventional gas package except that an intermediate web is introduced. This web is
positioned between thermo-formed base and the top lidding web. The Flavaloc
machine is similar in design to a standard in-line thermo-forming, filling and lidding packaging machine except that an additional gassing and sealing station is
incorporated. This station is also equipped with a stretch-and-flange sealing head
that stretches the intermediate web over the pack contents and seals it to a flange
located on the side wall of the tray base. The Flavaloc station also evacuates the
pack and introduces a predetermined gas mixture into the space between the
thermo-formed base and the stretch web before sealing the web onto the base.
The second station gas flushes the pack above the stretch web and seals a lidding
material onto the packs. Different gas mixtures can be introduced above and
below the stretch web. The package is claimed to solve many of the problems,
such as the deterioration in the appearance of the lid material during transportation and handling, typically associated with the use of conventional gas packages
comprising a thermo-formed tray and a heat-sealed lidding material. It has yet to
be widely used commercially.

4. Packaging Materials and Food Applications
To date, packaging materials have been, to a large extend based on non-renewable materials. The only widely used renewable packaging materials are paper
and board which are based on cellulose, the most abundant renewable polymer
world-wide.
The materials used for packaging today consist of a variety of petroleumderived plastic polymers, metals, glass, paper and board, or combinations
thereof. These materials and polymers are used in various combinations to prepare materials with unique properties which efficiently ensure safety and quality of food products from processing and manufacturing through handling and
storage and, finally, to consumer use. Notably, these materials fulfil a very
important task as absence of packaging or insufficient packaging would result
in fast deterioration of quality and safety, giving way to massive commercial
losses of valuable foodstuffs. Individual food products have specific optimum
requirements for storage that the packaging materials must be able to provide.
When contemplating the concept of food packaging, the entire dynamic interaction between food, packaging material and ambient atmosphere has to be
considered.
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The biological basis of the starting materials provides the material engineer
with a unique opportunity to incorporate a very appealing functionality into the
material, that of compostability. This property enables these new materials to
degrade upon completion of useful life. Compostability has, so far, been the
main focus for applications of biobased packaging materials which is logical
consequence for the vast amount of packaging materials used and the waste
associated with it.
Design and manufacture of packaging materials is a multi-step process and
involves careful and numerous considerations to successfully engineer the final
package with all the required properties, The properties to be considered in relation to food distribution are manifold and may include gas water vapour permeability, mechanical properties, sealing capability, thermoforming properties,
resistance (towards water, grease, acid, UV, light, etc.), machinability (on the
packaging line), transparency, antifogging capacity, printability, availability and,
of course costs. Moreover, a consideration of a “cradle to grave” cycle of packaging material is also required; hence, the process of disposal of the package at
the end of its useful life must also be taken into consideration.
With regard to the microbiological and sensory shelf-life and quality of gaspacked foodstuffs, appropriate packaging technique also affects in particular the
appearance of a product; e.g. a vacuum before gas flushing cannot be used for
some products due to crushing and compression, as has already been mentioned.
Several factors must be taken into account in determining the combination of
packaging material properties required for each specific product and market.
Naturally, the basic requirements are the same as generally set for food packaging materials, e.g. the material must be suitable for use in contact with foodstuffs
from the health point of view. Particularly with regard to gas packaging, the
important factors are the following:

4.1. The gas barrier properties needed
In most gas packaging applications, excluding vegetables and fruits, it is desirable to maintain the atmosphere initially injected into the package for as long a
period as possible. The correct atmosphere at the start will not serve for long if
the packaging material allows it to change too rapidly. Some of the polymers currently used include PE, PETP, metallic PETP, PP, PS, PVC, PVDC, PA, EVA, and
EVOH. Their oxygen and water vapour permeabilities are given in Table 1.
These polymers are normally used as laminated or co-extruded multilayer
materials in order to have the barrier properties required. The inner layer is usually polyethylene or its co-polymer which forms the food contact and heat seal
medium; polyethylene or ethylene vinyl acetate alone are not suitable for gas
packaging because of their high gas permeability.
As a rule, packaging materials with oxygen permeability lower than 100 cm3/m2
24 h 101.3 kPa are used in gas packaging. In the literature, on the other hand, very
few reported investigations are available on the significance of oxygen permeability between 0-100 cm3/m2 24h 101.3 kPa for the quality gas-packed products.
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TABLE 1. Barrier properties of selected polymers for 25 µm film thickness

Polymer
PVDC
EVAL
PA 66
OPA 6
PA 6
PP
PET
PVC (Rigid)
HDPE
LDPE
PS

Oxygen permeability
(cm3/m2 24 h 101,3 kPa)
3˚C, 75 % RH
0,31
7.5–13.8
31
18,6
40.3
2325
74.4– 139.5
77.5–310
2325
6510
5425

Water vapour permeability
(g / m2 24 h)
38˚C, 90 % RH
0,31
21.7–58.9 (40˚C)
93– 155 (40˚C)
155
341
3.9–10.9
27.9–46.5
14,0–79.1
4,7–6.2
15.5–23.3
108.5– 170,5

Vegetables and fruits differ from other foodstuffs in that they continue to
respire even when placed in a modified atmosphere. Due to the respiration, there
is a danger that CO2 will increase to the levels injurious to the packed commodities. On the other hand, respiration consumes oxygen, and there is a danger of
anaerobiosis. A number of special packaging materials intended for vegetables
and fruits have been developed, such as smart films, microporous film and microperforated films.
Many foods require specific atmospheric conditions to sustain their freshness
and overall quality during storage. Hence, increasing amounts of foods are being
in protective atmosphere with a specific mixture of gases ensuring optimum quality and safety of the product in question.
In general, the oxygen permeability and the permeability of other gases of a
specific material are closely interrelated and, as a rule of thumb, mineral oil based
a fixed ratio between the oxygen and carbon dioxide permeabilities. This relation
is also observed for biobased materials. However, for some biobased materials,
e.g. PLA and starch, the permeability of carbon dioxide compared to oxygen is
much higher than for conventional plastics.
As many of these biobased materials are hydrophilic, their gas barrier properties are very much dependent on the humidity conditions for the measurements
and the gas permeability of hydrophilic biobased materials may increase manifold when humidity increased. Notably, this is a phenomenon also seen with conventional polymers. The gas permeability of high gas barrier materials, such as
nylon and ethylvinyl alcohol, is likewise affected by increasing humidity. Gas
barriers based on PLA and PHA is not expected to be dependent on humidity.

4.2. Mechanical strength
In choosing packaging materials for food one has also pay attention to how resistant to mechanical stresses (e.g. puncture), humidity and temperature (frozen or
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chilled) the material needs to be. If a material is of poor mechanical strength, the
mechanical stresses, humidity and low temperature during storage transport and
handling can damage the package and cause leakage.

4.3. Integrity of sealing
The adequate integrity of the seal is important in order to maintain the correct
atmosphere in the package. The seal however must not be too tight; the right balance between tightness and security of the closure and ability to peel back a lidding material must be determined.

4.4. Type of package
The type of package to be used; rigid or semi-rigid, lidded tray or flexible film
pouch, has to be taken into consideration when choosing packaging materials.

4.5. Fogging
In order to improve the appearance of the packages in retail outlets the polyethylene in the packaging laminates can be specially treated to prevent condensation of water, which fogs the package and prevents the consumer examining the
product.

4.6. Microwaveability
Microwaveability of packaging materials is a factor that should also be considered in gas packaging, particularly in the case of the ready-to-eat food products.
For instance, the low melting point of PVC makes the PVC-LDPE-laminate or
co-extrusion film much used as a base web material in deep - draw machines
unsuitable for microwave oven heating.

4.7. Biodegradability and recyclability
These factors are new trends in the packaging business. A major challenge for the
materials manufacture is the by nature hydrophilic behaviour of many biobased
polymers as a lot of food applications demand materials that are resistant to moist
conditions. However, when comparing the water vapour transmittance of various
biobased materials to materials based on mineral oil, it becomes clear that it is
possible to produce biobased materials with water vapour transmittance rates
comparable to the ones provides by some conventional plastics. However, if a
high water vapour barrier materials is required, very few biobased materials
apply. Notably, developments are currently focusing on this problem and future
biobased materials must also to be able to mimic the vapour barriers of the conventional materials known today.
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4.8. Thermal and mechanical properties
Most biobased polymer materials perform in a similar fashion to conventional
polymers. This indicates that both polystyrene -like polymers (relatively stiff
materials with intermediates service temperatures), polyethylene-like polymers
(relatively flexible polymers with intermediate service temperatures) and PETlike materials (relatively stiff materials with higher service temperatures) can be
found among the available biobased polymers.
The mechanical properties in terms of modulus and stiffness are not very different compared to conventional polymers. In theory, biobased materials can be
made having similar strength to the ones we use today.

4.9. Compostability
The compostability of the materials is highly dependent of the materials e.g. the
first step of composting is often a hydrolysis or wetting of the material. The rate
of this step is very much related to the water transmittance and the water resistance of the material. Hence, the composting rate of the material will be dependent on its properties.

4.10. Manufacturing of food biobased materials
This technology requires knowledge of the processing and material properties of
the polymers. If the properties of native polymer are not identical to the required
one, or if the polymer by nature is not thermoplastic, a certain modification of the
polymer must take place.
Designing and manufacturing of biobased packages and packaging materials
require a multi-step approach (figure2):
It should be expected that following requisite processing and product developments of biobased materials resulting properties should equal or better those of
the conventional alternatives. Biobased plastic applications are currently targeted

Biopolymers
Modifications

Modifications
(physical/chemical)

Thermoplastic
Product properties
Product

FIGURE 2. Designing and manufacturing of biobased packages and packaging materials.

78

Mona Popa and Nastasia Belc
TABLE 2. The major processing routes to potential biobased products
Processing route
(Co-)Extruded film
Cast film
Thermoformed sheets
Blown films
Injection (blow-)moulding
Fibres and non-wovens
Extrusion coating

Product examples
Packaging film
Packaging film
Trays, cups
Packaging film
Salad pots, cutlery, drinking beakers, cups, plates,
drink bottles, trays
Agricultural products, diapers, certain medical
plastics, clothing
Laminated paper of films

towards single-use, disposable, short-life packaging materials, service ware
items, disposable non-wovens and coating for paper and paperboard applications.
In general, the same shapes and types of food packaging can be made from synthetic and biobased resources.
Notably, developments are currently focusing towards the biobased materials
which must be able to mimic the water vapour barriers of the conventional materials known today.
4.10.1. Blown (barrier) films
Blown films comprise one of the first product categories to be developed based
on mineral oil derived biodegradable polyesters. They have successfully been
applied as garbage bags and related applications. Film blowing grades of renewable polymers have been developed based on PLA (polylactic acid). Blown films
based on these biopolyesters exhibit excellent transparency and cellophane-like
mechanical properties. The sealability depends on the degree of crystallinity and
good printability can also be achieved. The possibilities of film blowing PHB/V
materials are at this time limited due to their slow crystallization and low melt
strength.
Paragon (Avebe,NL) materials which are based on thermoplastic starch can be
film co-extrusion set-up with polymers like PLA and PHB/V as coating materials, resulting in a barrier coating which, for example, proved to be successful in
the packaging of cheese. In this way, starch-based materials could provide cheap
alternatives to presently available gas barrier materials like EVOH and PA6.
The properties (mechanical strength gas and water vapour properties of blown
film can be improved by coating of a glass-like ultra thin layer of SiOx or by producing nano-composites.Addition of nano-particles during processing of the film
produces composites with improved water and gas barrier properties (Fischer
et.al., 2000) and ongoing developments at TNO industry (NL) aims at producing
hydrophobic starches based on these composites. A similar approach is use a
glass-like ultra-tin coating of SiO x improving the barriers of the material
immensely (Johanson, 2000 and 1997).
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4.10.2. Thermoformed containers
A next class of products is thermoformed containers for food packaging. In order
to be able to thermoform a polymer it should be possible to process this material
from the melt (extrusion) into sheets and consequently thermoforming these
sheets above the Tg or Tm of the material. Again, it is possible to produce thermoformed articles from laminates based on Paragon as well as other thermoplastically processable biopolymers.
4.10.3. Foamed products
Starch-based foams for loose fill applications (Novamont, National Starch
(USAa.o.) have been commercially introduced with success from some years ago
and the market for these products is still growing. Foamed products like trays and
clamshells based on starch for food packaging have not yet been introduced commercially.
Foamed products based totally on PLA are still in a developmental phase. In
order to be able to use these starch-foamed products in food contact applications
coatings should be applied on the starch-based foams. Adhesion between the
foam and the coating is of importance. Paraffin and other oligomer based coatings are proposed next to PLA and PHB/V based coatings. Protein and medium
chain length PHA based coating (ATO, 2000) are close to market introduction.
4.10.4. Coated paper
Paper and board have excellent mechanical properties; however, the gas permeabilities are too high for many food applications. The hydrophilic nature of the
paper based materials is a major challenge of these materials when packaging
moist foods. To date, the paper-based materials have been coated with a thin layer
of synthetic plastic which has water resistance.
Paper-based materials coated with PE are readily repulpable as the hygrophobic PE is easy removed in the pulping process. Hence, paper-based materials
coated with biobased, hygrophobic polymeric materials are, likewise, going to be
repulpable.
4.10.5. Conclusions and perspectives
Biological derived polymers may be used for the production of all types of packaging (trays, cups, bottles, films, etc.) using same equipment and technology used
for conventional materials. Comparing the properties of biobased polymeric
materials with the conventional synthetic petroleum-derived polymers shows a
major potential of these polymers for the production of well-performing food
packaging.
However, when using proteins and polysaccharides in the materials their sensitivity towards relative humidity must be overcome. The biobased materials have
an inherent potential of being compostable which may help the commercialization of these materials. Similar to the synthetic materials used today it will be
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necessary to use several polymeric materials in multi-layers or composites tailoring the properties of the packaging to meet the demands of specific foodstuffs.
To be able to produce a 100% biobased packaging development of biobased
additives is needed. Additives used in the production of packaging are plasticizers, UV-stabilizers, adhesives, inks and paints, natural pigments and colorants. So
far, few developments have been made in this field and it is suggested to direct
research to this area.

4.11. Biobased food packaging materials
These materials may be divided into three main categories based on their origin
and production:
Category 1: Polymers directly extracted /removed from biomass. Examples
are polysaccharides such as starch and cellulose and proteins like casein and
gluten.
All this are, by nature, hydrophilic and somewhat crystalline-factors causing
processing and performance problems, especially in relation to packaging of
moist products. On the other hand, these polymers make materials with excellent
gas barriers.
Category 2: Polymers produced by classical chemical synthesis using renewable biobased monomers.
A good example is polylactic acid (PLA), a biopolyester polymerised from lactic acid monomers. The monomers themselves may be produced via fermentation
of carbohydrate feedstock. PLA may be plasticized with its monomers or, alternatively, oligomeric lactic acid. PLA may be formed into blown film, injected
mould objects and coating all together explaining why PLA is first novel
biobased material produced on a major scale.
Category 3: Polymers produced by microorganisms or genetically modified
bacteria. To date, this group of biobased polymers consists mainly of the polyhydroxyalkanoates, but developments with bacterial cellulose are in progress.
4.11.1. Starch and derivatives
As a packaging material, starch alone does not form films with adequate mechanical properties, unless it is first treated by either plasticization, blending with
other materials, genetic or chemical modification of the above approaches. Corn
is the primary source of starch, although considerable amounts of starch are produced from potato, wheat and rice starch in Europe, the Orient and United States.
Common plasticizers for hydrophilic polymers, such as starch, are glycerol and
other low-molecular-weight-polyhydroxy-compounds, polyethers and urea.
These plasticizers lower the water activity thereby limiting microbial growth.
Therefore the blending of such materials with more hydrophobic polymers produces formulations that are suitable for injection moulding and blowing films.
Starch-based thermoplastic materials have been commercialized during the
last few years and are to day dominating the market of biobased, compostable
materials.
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4.11.2. Cellulose and derivatives
Cellulose, an almost linear polymer of anhydroglucose, is the most abundantly
occurring natural polymer on earth.. Due to its regular structure and array of
hydroxyl groups, it tends to form strongly hydrogen bonded crystalline
microfibrils and fibres and is most familiar in the form of paper and cardboard
in the packaging context. Waxes or polyethylene coating are used in some
areas of primary food packaging, however the bulk of paper is used for secondary packaging. Cellulose is a cheap raw materials, but difficult to use
because of its hydrophilic nature, insolubility and crystalline structure. The
cellophane produced is very hydrophilic and, therefore, moisture sensitive, but
it has good mechanic properties. Cellophane is often coated with nitrocellulose
wax or polyvinylidine chloride (PVdC) to improve barrier properties and in
such form it is used for packaging of baked goods, processed meat, cheese and
candies.
A number of cellulose derivatives are produced commercially, most commonly
carboxy-methyl cellulose, methyl cellulose, ethyl cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose and cellulose acetate (CA). Of these derivatives,
only cellulose acetate (CA) is widely used in food packaging (baked goods and
fresh produce). CA has relatively low gas and moisture barrier properties. Many
cellulose derivatives posses excellent film-forming properties, but they are simply too expensive for bulk use. Research is required to develop efficient processing technologies for production of cellulose derivatives.

4.11.4. Chitin/Chitosan
Chitin is a naturally occurring macromolecule present in the exoskelton of invertebrates and represents the second most abundant polysaccharide resource after
cellulose.
Chitosan is a polymer derived from chitin. In general, chitosan has numerous
uses: flocculant, clarifier, thickener, gas-selective membrane, plant disease resistance promoter, wound healing promoting agent and antimicrobial agent. Chitosan
also readily forms films and, in general, produces materials with very high gas
barrier, and it has been widely used for production of edible coating.
Furthermore, chitosan may very likely be used as coating for other biobased polymers lacking gas properties.
However, as with other polysaccharides-based polymers, care must be taken
moist conditions. The cationic property may further be used for incorporation
and/or slow release of active components, adding to the possibilities for the manufacturer to tailor the properties. Another interesting property of chitosan and
chitin in relation to food packaging are their antimicrobial properties and their
ability to absorb heavy metal ions. So far, the major interest for chitosan as a
packaging material has been in edible coating.
The biodegradable laminate consisting of chitosan-cellulose and polycaprolactone can be used in modified atmosphere packaging of fresh produce.
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4.11.5. Biobased monomers
Biobased monomers may be obtained from biobased feed stocks. This may be
prepared using chemical and biotechnological routes, or a combination of both.
Oleochemicals, such as the unsaturated fatty acids oleic and ricinoleic acid, are
derived from feedstock such as coconut and castor beans and have long been
recognised as useful chemical precursors in preparing polymeric materials.
Carbohydrate sources such as woody material, molasses and maize give to a
rich array of chemical and biotechnological transformations leading to a wide
spectrum of potentially interesting chemicals. Fermentation of carbohydrate
materials using selected microorganisms has led efficient pathways to the formation of multifunctional acids such as succinic acid.
At present, biobased monomers may not be directly commercially attractive,
however, biobased monomers derived by biotechnological pathways present
promising alternatives to petrochemical polymer routes.
4.11.6. Protein engineering
Protein engineering is a field of growing interest for production of synthetic analogues to nature’s polymers. Other developments include the possible production
of biodegradable polymers currently derived from petroleum sources from
biobased feedstock.
4.11.7. Polyhydroxyalkanoates (PHAs)
Poly(hydroxybutyrate)(PHB) is most common of PHA, a large number of bacteria contain it as energy and carbon reserves. Due to their biodegradability and biocompatability these biopolyesters may easily find industrial applications. The
properties of PHAs are dependent on their monomer composition, and it is therefore, of great interest that recent research has revealed that, in addition to PHB, a
large variety of PHAs can be synthesized by microbial fermentation. The
monomer composition of PHAs depends on the nature of the carbon source and
microorganisms used. A very interesting property of PHAs with respect to food
packaging applications is their low water vapour permeability which is close to
that of LDPE. Recent application developments based on medium chain length
PHAs range from high solid alkyd-like paints to pressure sensitive adhesives,
biodegradable rubbers.
4.11.8. Bacterial cellulose
This material is a useful polymeric material that has remained rather unexploited. Bacterial strains are able to produce an almost pure form of cellulose
with a chemical and physical structure that is identical to the cellulose formed in
plants.Production costs of bacterial cellulose are high due to the low efficiency
of the bacterial growth process; approximately 10% of the cellulose used in the
process is incorporated in the cellulose. Several high-added-value specialty
applications have been developed. The material has been used as an artificial
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skin, as a food-grade non-digestible fibre, as an acoustic membrane, and as a
separation membrane.
4.11.9. Polysaccharides
The polysaccharides are produced by fungi and bacteria: xanthan; curdlan; pullan and hyaluronic acid, will receive more interest in the future.

5. Safety Aspects on Active and Modified Atmosphere
Packaging
5.1. General packaging safety considerations
Packaging has often been thought of as a source of risk for foods and seldom as
a technology that could be used to enhance food safety (Wolf, 1992).
It is obviously safety of food may be compromised through different ways and
main causes are two, namely when the integrity of the pack is lost and some pathogenic microorganisms can contaminate the product or some package components migrate to food and some chemical contaminants can occur. There are a lot
of examples concerning the safety problems some are listed in table 3 (Hotchkiss,
1995).

5.2. Conventional packaging safety considerations
5.2.1. Packs as barrier to contamination
The most safety packaging system taking into account the barrier properties
between food and environment has been demonstrated to be packaging in glass
and metal, for both environmental chemicals and pathogenic microorganisms
contamination.
In the last decades the polymeric materials have been developed because of the
economical and functional advantages in comparison with glass and metal. A lot
of research and experimental data are available regarding the barrier properties of
these package materials and now polymers with high oxygen and water vapour
barrier properties as well as aroma/flavour barriers are available on the market.
Post packaging microbial contamination of foods is now not only a function of
closure integrity but material integrity too (Downes et al., 1985).
Two aspects are very important regarding the integrity of the package, namely
the strength and the completeness. The strength means the seal is strong enough
to be able to bear up the food handling in the distribution chain without failure
and the completeness means the packages are free of holes in the material or
seal. The polymeric films are more capable to the pin-holes than glass or metal
packs even during the shipping. Through these pin-holes can enter some
microorganisms although there are no signs of leakage on the external surface of
the packs. The strength and integrity are very important issues nowadays
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TABLE 3. Safety problems in food packaging
Examples
Microbial contamination
Loss of integrity

Anaerobiosis

Chemical contamination
Migration
Environmental contamination
Recycled packaging

Consequences
Seal rupture, film puncture, leaking cans,
incomplete glass finishes – allow pathogenic
and spoilage microorganisms contamination
Low oxygen environment resulting from product
or microbial respiration that can be in favour
of some toxicogenic microorganisms
(anaerobic ones) growth.
Transfer of chemical compounds from package
to food product
Environmental toxicants can permeate the films
Contamination of post-consumer packaging is
transferred to foods after recycling

Insect contamination

Some insects can bore through many common
packaging materials

Foreign objects

Glass shards, metal pieces

Injury
Exploding pressurized containers
Broken containers

Soft drinks, beer in glass etc.
Cuts, lacerations

Environmental impact

Disposal, recycling, CFCs

Loss of nutritional and
sensory quality

Aroma and nutrient sorption by polymers

Tamper evidency

Malicious and innocuous

Inadequate processing
Conventional
Aseptic

Underprocessing can lead to food poisoning
Loss of integrity or insufficient sterilization of
packaging can lead to food poisoning

because the flexible packed foods are transported further and stored for an
extended period and are more often used than rigid packaging systems. There is
a permanent need for research to improve the testing of integrity of polymerbased packages.
There is a big concern regarding the chemical potential of contamination
because the polymers are permeable to organic vapours and foods are very susceptible to absorption of environmental contaminants. In addition, many environmental organic compounds, which permeate films, can transmit undesirable
odours to food products.
The general trend to use recycled materials lead to an increased concern
regarding the microbiological risk of fibre based packaging materials (Klungness
et al., 1990). In the technological process of paper making the microbial cells can
be a potential risk for pathogenic spores to be transferred to foods from recycled
materials.
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5.2.2. Packs as source of migration
A major safety concern of packaging is the potential of packaging material to
transfer the chemical contaminants to foods. A lot of research has been developed
on this subject.
Migrants consist of inorganic toxicants like lead from soldered cans as well as
organic toxicants such as vinyl chloride monomer which is a known human carcinogen.
New concerns over migration have been arisen recently because of the use of
the recycled materials or refillable containers for food and beverage packaging
(Begley and Hollifield, 1993).
One solution to the post-consumer contamination of recyclable plastics is the
use of “sniffers” that are designated to sample the air inside the container and
determine if volatile compounds are present prior to refilling.
Another solution is to reform the basic polymer after chemically break down
the existent polymeric structure or to put a functional barrier between recycled
polymer and the product in order to prevent the migration of contaminants from
the recycled polymers to product.
A new safety concern regarding migration of contaminants to food has been
recently resulted from the use of microwaveable polymer-based packs. In this
type of migration there is an influence first of all of the rising temperature after
the Arrhenius kinetics law and secondly if a polymer degradation can release
some toxic additive and transmit it to food product.

5.3. Unconventional packaging safety considerations
5.3.1. Active elements interactions
The concept to incorporate substances which absorb or emit some functional
gases inside of pack to control microbial growth or psychological status of the
product is more desirable than active sachets because of accidental ingestion risk
reducing.
These absorbers or emitters have the same safety implications like conventional MAP.
For those active packaging systems which indirectly add components to foods,
the governmental regulatory and health issues will be similar to those related to
migration of residual monomers or other polymer components (Crosby, 1981). In
some cases, the use of functional barriers to prevent migration of the active components will be required (Hotchkiss, 1995).
Another safety effect seems to be the change in the microbial ecology of the
packed food through the inclusion of antimicrobial agents, scavengers or emitters
which change the environmental conditions for the existing microflora. This
change can enhance the safety in some cases when CO2 is added to high pH food
products or can be compromised like in the fresh mushroom vacuum packaging
where Clostridium botulinum can growth. From this point of view it is necessary
to make a laborious study to establish an adequate packaging technology for each
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type of food in order to obtain better results for food shelf-life and to maintain
food safety status.
A good example for food safety is that one concerning the safety/spoilage indicators as time temperature indicators, for example, which can show the historical
data regarding the parameters of the storage conditions for a certain product in a
certain period. It is well known that temperature abuse is main factor in food
spoilage and pathogens growth. Now are available biosensors for certain toxin
detection in food pack and new immunologically based sensor for food adulteration detection.
5.3.2. Modified atmosphere packaging
One of the most effective alternative methods used for fresh food shelf-life prolonging is modified atmosphere packaging (MAP).
MAP is a technique that involves first to make vacuum and second to flush the
pack with a certain gas mixture with functional role. Selection of the used gases
depends on the role of each gas, the food product type, film permeability, storage
conditions after packaging and so on. Carbon dioxide (CO2) acts as an anti-mould
agent, nitrogen (N2) slows chemical reactions and oxygen (O2) prevents discoloration. Nitrogen, an inert gas, is also valuable as a “filler” to cushion the product and protect the integrity of the package during handling and storage.
It is clear that traditional post processing inspection of perishable packaged
food is not sufficient to protect public health.
The risk analysis for the ingredients, product and packaging materials incorporate into the HACCP flow system for Vacuum/MAP products gives us the potential hazards and the necessary corrective actions (see table 4). CAP/MAP
technologies represent much that is potentially both good and bad in food science.
Errors can have dire effects, but when detailed safety protocols are followed, these

TABLE 4. Hazards in Vacuum/MAP food products
Control point
Raw material
inspection

Package
integrity

Potential
hazard
Microbial

Microbial

How monitored
Establish specifications

Vendor certification
and warranty
Inspect shipping vehicle
Measure/record temperature
of product when received
Visual examination of product
Note physical condition of
packaging material
Seal integrity check
Vacuum and MAP check
Date code check

Action to take for
deviation
Notify vendor; reject
if not within
specification
Audit quality

Rework/reject
As per PQC/TQC
program
Rework
Rework
Rework
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technologies can provide consumers with the safe, attractive, tasty products they
deserve, and at an affordable price (Andrew Ebert, 1994).
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