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ABSTRACT 
 
Glass jars and metal cans have long been used as a safe and effective way to store and distribute shelf-
stable food. Their position in the marketplace is a result of years of safe supply and familiarity to 
consumers, technical advances and supply chain optimization to control costs and lack of credible 
alternates.  
 
In this paper Kortec and Kuraray will discuss, the market opportunity for a credible alternate container 
technology, the market, supply chain and consumer technical requirements that will determine credibility of 
an alternate. Description of co-injection technology from Kortec , fundamentals of EVOH as a barrier 
material, development of high barrier advanced EVOH technology from Kuraray, results of experiments to 
determine the feasibility of using high barrier advanced EVOH in PP-EVOH-PP co-injection molded 
containers for packaging of shelf-stable foods. 
 
The Authors will provide conclusions to the studies and suggestions on further work required to 
commercialize the technologies discussed. 
 
 

 
 
1. Background 
 
Glass jars and metal cans have long been 
used as a safe and effective way to store 
and distribute shelf-stable food. Their 
position in the marketplace is a result of: 
 

 Years of familiarity to consumers 
with good track record of food safety 

 Technical advances and supply chain 
optimization to control costs 

 Lack of credible alternates 
 
 
 
 

2. Review of Market Requirements 
 
The supply chain for shelf-stable foods starts 
with some very basic requirements from 
consumers which include the desire to eat, or 
feed the family with, a nutritious meal and the 
desire for that food to be safe to eat even 
after storage in the pantry at ambient 
temperatures. Also the desire for the food 
container to be easy to store and easy find in 
the pantry and easy to open. The food itself 
can be a ready to eat meal (such as a soup) or 
a component part of a meal (such as a 
vegetable) or an ingredient in a recipe (such 
as tomato paste). In all cases there is an 
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expectation from the consumer regarding 
food safety, nutrition and ease of use. 
 
One step up the supply chain is the 
retailers. Retailers have a different set of 
requirements from the packaged food which 

are primarily associated with the packaging 
rather than the food itself. These include a 
desire for the package to be robust and have 
shelf appeal. 
 

Table 1 
 

Performance Attribute Glass Jars ¹ Metal Can Commentary 
Overall food safety Good Excellent Both widely used. Glass jar more 

limited   
Inertness Fair Fair Both cans and vacuum lids have been 

implicated in migration concerns 
Shelf-stability Good Excellent Both have long successful history 
Ease of use for consumer Fair Good Consumers find jar lids difficult to 

remove. Some cans need opening 
tools 

Container robustness Fair Good Breakage is industry wide concern for 
glass and dented cans are 
commonplace 

Shelf appeal Excellent Fair Cans have an old fashioned image 
Labeling options Good Fair Cans are most often paper labeled. 

Other options are available but 
limited use 

Dimensional uniformity Excellent Excellent Fast processing is noted for both  
Ease of filling Excellent Excellent Fast processing is noted for both  
Closing process Good Excellent Applying vacuum closures is slower 

than seaming cans. But both are 
satisfactory 

Capable of sterilization Good Excellent Glass requires overpressure in retort 
¹ Glass jar with a metal vacuum lid (steel with vinyl coating and vinyl sealant) 
 
 
Distributors fundamentally need the 
packaging, both primary and secondary, to 
be robust and prevent any damage during 
transportation. 
 
The brand owners are fundamentally 
responsible for the nutritional and flavour 
attributes of the shelf-stable food. It is their 
“promise” to the consumer that drives the 
purchase and so among the needs of the 
brand owner is the requirement for the 
package to keep the food in good condition 
and to not add or take away anything, 
effectively be an inert container. The brand 
owner also needs the package to display 
marketing information to the consumer, as 
well as look good to the point of sale and 
the point of consumption. 
 
The food packer is at the top of the supply 
chain if we exclude the packaging 
manufacturer. The food packer is looking 
for operational efficiency which includes 

package robustness, uniformity of dimensions 
and ease of filling. After filling the package 
needs to withstand the closing process, the 
sterilization process which uses temperature 
(generally 125 ˚C) to kill any microorganisms 
in the food, labelling and packing into any 
secondary packaging. 
 
So how well do metal cans and glass jars meet 
these multiple requirements? Table 1 
describes relative performance. 
 
The most notable issues with glass jars are 
the losses due to breakage; in distribution this 
can often mean that a whole pallet is lost due 
to one broken jar. Plus the concerns regarding 
glass fragments contaminating the food due to 
minor splintering that goes unnoticed by the 
consumer. Of course, each jar requires a 
closure and the most common type is the 
metal vacuum cap. This cap requires the use 
of coatings and sealants which have low 
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molecular weight components that may 
migrate to the packaged food. 
 
Metal cans are regarded as the industry 
standard for distribution of shelf-stable 
foods. However they are not without some 
detracting factors, such as an old fashioned 
image, particularly when paper labels are 
utilized which is very common around the 
world. Metal cans are susceptible to dents 
all along the supply chain, it has proven 
difficult to attach an industry cost to this 
but the authors believe that it is a 
significant amount, particularly with cans 
that are dented after filling because the 
food is lost as well as the can itself. In 
addition, migration concerns from can 
coatings have received a lot of media 
attention over the past 5 years. 
 
 
2. Market Size: 
 
The global market for shelf-stable food is 
very large and has seen good growth, refer 
to table 2. The growth has been principally 
unaffected by the 2008 worldwide economic 
crisis. 
 
For this study, shelf-stable foods is defined 
as canned/preserved meat and meat 
products, fish/seafood, vegetables, 
tomatoes, beans, fruit, ready meals, soup, 
pasta, and other canned/preserved foods. 
It does not include spreads, jams, jellies or 
syrups. 
 
The table 3 shows a breakdown from 2006 
to 2011 of the worldwide volume of shelf-

stable foods, in units sold through retail and 
other channels for principally home use. The 
data does not include volumes sold into the 
food service industry. The data refers to the 
region of final sale not the region of 
production. Therefore a can of fish packaged 
in Asia and exported to Europe for retailing, 
will be counted as a European sale not an 
Asian sale.  
 
A unit is a can or a jar or a carton, there is no 
normalization for weight or volume content of 
each container. Multipacks that are specifically 
labelled for sale as retail multipacks, count as 
one unit. 
 
Within the table, metal food cans and glass 
jars have been specifically highlighted. The 
data show growth in both categories, it also 
highlights that metal food cans at close to 
60% of the total are the dominant choice. 
Interestingly the growth in rigid plastics and 
“other” packaging, which includes categories 
such as pouches and composite paper cartons, 
has shown the greatest growth at 35% over 
period from 2006 to 2011.  
 
Looking more specifically at metal food cans 
by region we can see, table 3, the growth in 
this category has not been even in all regions. 
In fact we see that the two large, mature 
regions of Western Europe and North America 
have been flat or in decline while that has 
been more than offset by growth in the other 
regions. Since the other regions are starting 
from a smaller base, the percentage growth is 
high for what is regarded as a mature market 
segment. 
 

 
Table 2: Canned/preserved food packaging unit volume (billions of units) 

 

Pack type Region 2006 2007 2008 2009 2010 2011 
Metal Food Cans World 48.4 48.9 49.5 49.9 50.2 50.6 
Other Metal Packs World 0.4 0.4 0.4 0.4 0.5 0.5 

Glass Jars World 5.7 5.8 6.0 6.0 6.1 6.2 
Thin Wall Plastic World 2.6 2.8 2.8 2.9 3.0 3.2 

Other Rigid Plastic World 1.3 1.4 1.4 1.5 1.5 1.5 

Other Packaging World 19.3 20.5 22.1 23.4 24.9 26.8 

Total World 77.7 79.8 82.2 84.1 86.2 88.8 
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Table 3: Canned/preserved food packaging unit volume (billions of units) 
 

Pack type Region 2006 2007 2008 2009 2010 2011 
Metal Food 
Cans 

World 48.4 48.9 49.5 49.9 50.2 50.6 

Metal Food 
Cans 

Asia Pacific 7.2 7.5 7.7 8.0 8.3 8.6 

Metal Food 
Cans 

Australasia 1.0 1.1 1.1 1.1 1.1 1.1 

Metal Food 
Cans 

Eastern Europe 4.5 4.6 4.8 4.5 4.6 4.7 

Metal Food 
Cans 

Western 
Europe 

16.0 16.1 16.3 16.4 16.4 16.3 

Metal Food 
Cans 

M.E. and Africa 1.3 1.3 1.4 1.5 1.5 1.6 

Metal Food 
Cans 

North America 13.3 13.1 12.9 13.0 12.9 12.7 

Metal Food 
Cans 

Latin America 4.9 5.1 5.3 5.3 5.4 5.6 

Data from Euromonitor International 
 
Table 4 shows the data for glass jars by 
region. Growth has been modest in all 
regions and, with the exception of Western 
Europe; each region has a small base. 
Australasia, Middle East and Africa show 
zero in the table due to rounding of 
numbers, but in fact there is some usage at 
an extremely low level. As a whole, Europe 
is the principal market for use of glass jars 
for shelf-stable foods. 
 
If we look at the types of products that are 
sold as shelf-stable foods, refer to table 5, 
we can see some interesting differences. 
Glass jars are really only present as a 
widely used option in the fruits and 

vegetable segment. In all other food 
categories the usage is very small. 
 
Metal cans are used for packaging in all food 
categories. Good growth is seen in the fish, 
vegetables and “Ready Meals” categories 
particularly. 
 
“Other packaging” in this instance includes 
rigid and flexible plastics, composite materials 
and metal trays. We can see growth in most 
food categories for “other packaging” and the 
data shows particular strength in the meat 
segment. In addition the fish, fruits and ready 
meals segments are quite strong with good 
growth profiles. 
 

 
Table 4: Canned/preserved food packaging unit volume (billions of units) 

 
Pack type Region 2006 2007 2008 2009 2010 2011 
Glass Jars World 5.7 5.8 6.0 6.0 6.1 6.2 
Glass Jars Asia Pacific 0.4 0.4 0.4 0.4 0.4 0.4 
Glass Jars Australasia 0 0 0 0 0 0 
Glass Jars Eastern Europe 1.1 1.2 1.3 1.3 1.3 1.3 
Glass Jars Western 

Europe 
3.3 3.4 3.5 3.5 3.5 3.6 

Glass Jars M.E. and Africa 0 0 0 0 0 0 
Glass Jars North America 0.7 0.6 0.6 0.6 0.6 0.6 
Glass Jars Latin America 0.2 0.2 0.2 0.3 0.3 0.3 

 
 
 

 
 



 
Barrier Packaging and Packaging Systems 

 
 

 
© ainia centro tecnológico | guiaenvase.com. All rights reserved 5 
  

Table 5: Canned/preserved food packaging unit volume (billions of units), worldwide 
 

Food type Pack type 2006 2007 2008 2009 2010 2011 
Beans Metal Food 

Cans 
3.9 3.9 4.1 4.3 4.3 4.4 

Beans Glass Jars 0.3 0.4 0.4 0.4 0.4 0.4 
Beans Other 

Packaging 
0.1 0.1 0.1 0.1 0.2 0.1 

Fish/seafood Metal Food 
Cans 

13.8 14.1 14.4 14.3 14.5 14.7 

Fish/seafood Glass Jars 0.8 0.8 0.9 0.9 0.9 0.9 
Fish/seafood Other 

Packaging 
1.9 2.0 2.2 2.3 2.5 2.6 

Fruit Metal Food 
Cans 

4.1 4.1 4.0 4.0 4.0 4.0 

Fruit Glass Jars 0.8 0.8 0.8 0.8 0.8 0.9 
Fruit Other 

Packaging 
2.6 2.7 2.6 2.7 2.8 2.9 

Meat/meat 
products 

Metal Food 
Cans 

4.4 4.4 4.5 4.5 4.6 4.6 

Meat/meat 
products 

Glass Jars 0.3 0.3 0.3 0.3 0.3 0.3 

Meat/meat 
products 

Other 
Packaging 

15.8 16.9 18.2 19.2 20.5 22.2 

Pasta Metal Food 
Cans 

0.6 0.6 0.5 0.5 0.5 0.5 

Pasta Glass Jars 0 0 0 0 0 0 
Pasta Other 

Packaging 
0.1 0.1 0.1 0.1 0.1 0.1 

Ready meals Metal Food 
Cans 

4.4 4.5 4.6 4.7 4.7 4.7 

Ready meals Glass Jars 0.2 0.2 0.2 0.2 0.2 0.2 
Ready meals Other 

Packaging 
1.7 1.8 1.8 1.9 1.9 2.1 

Soup Metal Food 
Cans 

4.0 3.9 4.0 3.9 3.8 3.7 

Soup Glass Jars 0 0 0 0 0 0 
Soup Other 

Packaging 
0.3 0.4 0.4 0.4 0.4 0.5 

Tomatoes Metal Food 
Cans 

2.7 2.7 2.7 2.8 2.7 2.7 

Tomatoes Glass Jars 0.3 0.3 0.3 0.3 0.3 0.3 
Tomatoes Other 

Packaging 
0.1 0.1 0.1 0.1 0.2 0.3 

Other vegetables Metal Food 
Cans 

9.8 9.8 9.9 10.1 10.2 10.4 

Other vegetables Glass Jars 2.7 2.8 2.9 3.0 3.0 3.1 
Other vegetables Other 

Packaging 
0.1 0.2 0.2 0.2 0.3 0.3 

All other foods Metal Food 
Cans 

0.8 0.8 0.8 0.8 0.8 0.8 

All other foods Glass Jars 0.2 0.2 0.1 0.1 0.1 0.1 
All other foods Other 

Packaging 
0.9 0.9 1.0 1.0 1.0 1.0 

Data from Euromonitor International 
 
The global market for shelf-stable foods is 
well established and continues to grow. 

Growth is not uniform across all market 
segments and geographies and good growth is 
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seen in the segments where plastic 
packaging is an option for Brand Owners. 
For plastic packaging to continue to 
successfully grow it must demonstrate the 
level of protection to food that supports the 
shelf-life requirements. It must also show 
that plastic packaging can have a better 
resistance to the physical damage that 
occurs during handling and distribution. As 
well as demonstrating the aesthetic 
benefits, that Brand Owners desire for their 
brands. Of course it must be economically 
viable. And, most importantly, it must also 
be perceived by consumers as a viable and 
safe option versus the traditional metal 
cans and glass jars 
 
Plastic containers manufactured from 
polymers such as polyethylene 
terephthalate (PET) or polypropylene alone 
have aesthetic appeal and the physical 
damage resistance required by the 
industry, but are too permeable to oxygen 
to give the required shelf-life to be 
considered for packaging of shelf-stable 
food. The use of a barrier material, such as 
ethylene vinyl alcohol (EVOH), within the 
structure of the container can significantly 
reduce the ingress of oxygen and thereby 
extend shelf-life significantly. The use of 
EVOH as a barrier material in multilayer 
structures for the oxygen protection of food 
is well established in the flexible packaging 
segment and in the rigid plastic segment 
via the thermoforming process. 
 
In the next section we will look at co-
injection technology as a means to produce 
rigid plastic containers with oxygen barrier 
properties. Co-injection technology is well 
established as a process to produce 
extended shelf-life rigid plastic containers in 
the PET bottles segment but the application 
to thin wall food containers, as a 
replacement for metal food cans and glass 
food jars, is novel. Kortec co-injection 
allows the formation of a 
polypropylene/EVOH/polypropylene rigid 
structure and, therefore, containers suitable 
for shelf-stable food applications. 
 
 
 
 

3. Co-Injection 
 
The co-Injection process consists of injecting 
two or more materials into the same mold 
cavity.  The injection phase of the process can 
be done sequentially or simultaneously 
depending on the design of the melt delivery 
system.  Kortec utilizes a three layer nozzle 
design in which two materials are injected 
simultaneously to form three distinct layers in 
the injection molded part.  The layers are 
formed by the design of the melt delivery 
system and remain separate (no mixing) due 
to laminar flow; laminar flow, combined with a 
properly designed hot runner system makes 
the co-injection process possible.  By utilizing 
this processing technique, part performance 
and cost can be optimized by combining two 
materials with different properties.   Examples 
of co-injection applications where part 
performance and cost are optimized include 
the following: 
 

• Foamed core and cosmetic skin for 
strength, weight, aesthetics and cost 

• Rigid core and chemical resistant skin 
for chemical resistance at lower cost 

• Recycled core and virgin skin to lower 
cost and protect the environment 

• Black core and colored skin for UV. and 
light block and aesthetics  

• Gas barrier core and rigid skin to 
extend shelf life for food and beverages 

 
Kortec co-injection technology is used 
primarily in the food and beverage industries 
to extend shelf life.  This is accomplished by 
combining a rigid skin material such as PET or 
polypropylene with a good gas barrier such as 
nylon or EVOH. From a processing 
perspective, the core material must be 
encapsulated within the skin material and be 
positioned properly in the container to provide 
adequate coverage and gas barrier. 
 
Within a Kortec production system, an 
injection molding machine equipped with 2 
injection units, sized for the specific 
application, feed the Kortec Co-injection hot 
half. Kortec has developed specific machine 
controls and functions to work with its co-
injection technology. Kortec technology can be 
utilized in 2 step injection blow mold process 
in both PET and PP preforms,  thinwall molding 
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with container wall thickness currently as 
low as 0.3 mm, and single step injection 
blow molding.  The cold half of the mold 
contains cores and cavities that define the 
dimensions of the container to be molded. 
 
Kortec Co-injection molding systems offer 
all the advantages of standard injection 
molding and more. The injection molding 
process has several advantages over other 
molding processes. The following is a short 
list of what you can expect from utilizing 
Kortec Co-Injection systems to form of 
production.  
 

• Injection molding allows for high 
production output rates. 

• Design flexibility – deep draw, ribs, 
non-symmetrical, wall thickness, 
refer figure 1. 

• Kortec systems core layer is 
adjustable within container wall.  It 
can be biased towards the outside, 
inside or placed on the centerline 
depending on the application to 
maximize shelf life. 

• Distribution of the core layer follows 
the design features of the container 
which means that arcs, angles and 
turns in the shape of the container 
present no issue to producing even 
oxygen barrier, refer figures 2, 3 
and 4. 

• Distribution of the core layer is 
extremely uniform throughout the 
container, with an even layer 
present from the sealing flange 
through sidewalls and through the 
base. Thus a complete oxygen 
barrier layer is achieved with none 
of the thin or thick area which are 
associated with thermoformed 
containers, refer figure 5. 

• Can process a wide range of 
materials of skin and core materials. 

• Skin – PET, PP, PC, HDPE, LDPE, etc. 
• Core – EVOH, Nylon, Valspar, 

Honeywell, Amosorb, Bindox, LCP, 
etc  

o Special grades of EVOH are 
available for retorting 
applications and are 
discussed in detail below 

• The ideal barrier material and % can be 
adjusted to meet the specific 
application’s shelf life requirements, 
and then easily be adjusted to meet 
additional applications needs utilizing 
the same co-Injection equipment. 

• Repeatability of close tolerances is 
possible with Injection Molding i.e. 
flatness, wall thickness, diameters, 
radii, etc.  

• Thinwall parts are molded into final 
part. There is typically very little post 
production work required because the 
parts usually have a very finished look 
upon ejection. 

• Minimum losses due to scrap; 
especially compared to thermoforming. 

• Full automation is possible with 
Injection Molding. 

• Plastic is lightweight and unbreakable 
as compared to glass. 

 

 
Figure 1: Examples of co-injected containers of different 

shapes and sizes, utilizing ribs and other features. 
(Photograph courtesy of RPC Bramlage) 

 

 
Figures 2, 3 & 4: Micrographs of core layer within sidewall 

of various containers. 
 
Barrier thinwall containers produced using 
Kortec co-injection technology can be used 
with standard closing techniques such as 
doubleseaming and heat sealing. The closing 
method should be considered in the container 
design phase. 
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As we have seen the use of Kortec co-
injection technology allows the molding of 
three layer containers where the middle, 
encapsulated, layer can be a polymer with 
high barrier to oxygen. Such a structure 
allows the brand owner to take advantage 
of the positive characteristics of a structural 
polymer such as polypropylene and also 
achieve much reduced oxygen ingress.  
EVOH has oxygen barrier properties that 
are extremely attractive to the food 
packaging industry; in the following 
sections we will consider the use of EVOH in 
barrier food packaging. 
 
 

 
Figure 5: Micrographs highlighting uniform distribution 
of core layer within sidewall, flange and base of typical 

barrier thin wall container using Kortec co-injection 
technology. 

 
 
4. Chemistry and Barrier Properties of 
EVOH 
 
Ethylene Vinyl Alcohol copolymer (EVOH), a 
random copolymer of ethylene and vinyl 
alcohol, has found many applications in the 
packaging of food and containment of 
hydrocarbons and solvents because of its 
outstanding barrier to gases, solvents and 
hydrocarbons [1].  EVOH resins are 
copolymers of ethylene and vinyl alcohol 
produced from the hydrolysis of poly 
(ethylene – vinyl acetate), EVOH is most 
well known and most commonly used for its 
gas barrier properties, particularly as an 
oxygen barrier in food packaging.  EVOH is 
best characterized as a random copolymer 
of ethylene and vinyl alcohol and grades 
are identified by the mole % of ethylene in 
the polymer.  The mol% ethylene influences 
the balance of gas barrier performance, 

formability, orientability, processability and 
thermal stability.  For example, a 27 mole % 
ethylene EVOH grade yields higher gas barrier 
properties, while it is more difficult to 
thermoform than a 44 mole % ethylene EVOH 
grade.  The ratio of ethylene of commercially 
available grades can vary from 24 to 48 mole 
percent of ethylene.  
 
In general, polymers with a regular structure 
crystallize, while those with random structure 
vitrify to a glass without crystallizing.  EVOH is 
somewhat unique in that the fine structure is 
comprised of both monoclinic crystalline 
regions having a high degree of order and 
glassy amorphous regions. It is the 
combination of the crystalline and amorphous 
states which make EVOH somewhat flexible, 
yet provide high barrier properties.  EVOH 
recrystallizes very rapidly in transition from 
the melt to the solid phase and the gas barrier 
properties of EVOH are a function of its 
crystalline morphology and the degree of 
crystallinity (volume fraction) in the polymer 
[2].  
 
Barrier depends on relative humidity of 
various grades of EVOH are illustrated in 
figure 6 (the Ethylene Mole percent is 
represented by a letter as follows: L=27, 
F=32, H=38, E=44, G=48).  
 
EVOH resins are always combined to other 
polymers in multi-layer structures to generate 
structures with optimized performances such 
as mechanical or water vapor barrier.  
 
With the multiplication of the processing 
technologies, EVOH producers developed 
grades with improved thermal stability, widen 
melt index or reduced water sensitivity. The 
product range has increased to match market 
needs and resins with melt index from 1 to 30 
g/10min (at 190°c, 2160g) are now 
commercially available. Usually processed by 
co-extrusion technologies, this wide melt 
index range gave access to extrusion-coating 
and co-injection technologies, thanks to the 
technological development of machine 
manufacturers.  
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Figure 6: Oxygen transmission change with relative humidity. 

 
Melt point also varies with the ethylene percent (refer figure 7). 
 

 
Figure 7: Melt point change with ethylene content. 

 
 
5. EVAL™ Co-injection Technologies 
 
Kuraray developed grades of EVAL™ EVOH 
resin, designed specifically for co-injection 
with polypropylene for production of thin 
wall packaging.  These grades provide the 
viscosity compatibility required for co-
injection processing with high melt flow rate 
polypropylene.  Additionally, these grades 
facilitate the formation of chemical bonds 
between EVOH and functionalized resins, 

which are blended with polypropylene, 
resulting in improved resistance to 
delamination between the layers.  EVAL™ co-
injection grades were developed using 
different technology designed to provide a 
level performance for a range of thin wall 
package, primarily for shelf stable food 
packaging.  EVAL™ co-injection grades are 
grouped by the technologies, which include 
conventional EVAL™, EVAL™-SP, EVAL™retort 
shock resistant and EVAL AP™ oxygen 
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scavengers.  These technologies are 
explained in more detail in the next section 
of this paper.  EVAL™ co-injection grades 
for PP/EVOH thin wall packaging 
applications are outlined in table 6. 
 
There are three primary ways by which 
food products degrade: chemical changes, 
physical degradation and microbiological 
changes.   To maximize the shelf life of 
food, the temperature, water content and 
composition of gases surrounding a product 
must be controlled.  Chemical changes such 
as lipid oxidation and microbiological 
growth can be accelerated in the presence 
of oxygen, so controlling the oxygen 
content in a package or the rate of oxygen 
ingress into a package is often one of the 
most critical attributes of barrier packaging. 
With the very low oxygen transmission 
rate, EVOH proves to be a very effective 

barrier material for foods that are susceptible 
to oxidation. 
 
 
6. Comparison to other barrier materials: 
 
Figure 8 illustrates the barrier performances of 
EVOH in comparison to other polymers. It can 
be seen that only a few polymers are able to 
offer such unique barrier performances. 
Although barrier to gases is illustrated by the 
impermeability to Oxygen, EVOH copolymers 
are able to provide barrier against all gases 
including Hydrogen, CO2 or Nitrogen and also 
flavours and aromas. It should be noted that 
the barrier to oxygen is often not sufficient to 
preserve the quality of food; the combination 
with polyolefins enables to produce multi-
layers adding superior water vapour barrier 
performance to the structure. 
 
 

 
Table 6: EVAL™ co-injection grades of EVOH resins. 

 

 
* OTR performance after full depletion of oxygen scavenger (passive barrier). 
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Figure 8: Oxygen transmission rate of various barrier materials. 

 
 
7. History of EVOH use in packaging: 
 
EVOH resins have been commercially 
available since 1972 and their use has 
extended gradually, first mainly in food 
packaging, than expanding into cosmetic, 
automotive or building and constructions. 
Despite the relative humidity dependency of 
its barrier performances, the major 
business success where first obtained in 
wet food applications such as sauces, 
soups, compote or ready meals like baby 
food before expending towards dry food 
protection with significant growth in the 
recent years.   
 
EVOH based structures are now widely used 
in all types of packaging technologies 
including aseptic filing, modified 
atmosphere and sterilized packaging. 
 
 
8. Development of high barrier EVOH: 
 
Plastic packaging provides convenience, 
safety and other benefits not found in 
traditional metal and glass packaging. The 

conversion from glass and metal and foil to 
plastic barrier packaging for retorted food 
products has been limited in part by the 
superior gas barrier and retort resistance of 
glass and metal.  Ethylene Vinyl Alcohol 
(EVOH), a random copolymer of ethylene and 
vinyl alcohol, is widely used in packaging 
structures for perishable food because of its 
high barrier to oxygen, which enhances the 
flavour retention and quality of the food 
contents.  EVOH can be co-extruded with 
many types of polyolefins, using standard 
extrusion equipment and is also suitable for 
the production of thermoformed barrier 
containers and bottles, including co-injected 
containers for packaging retorted shelf-stable 
foods.  Conventional retort processing for food 
packaging employs the use of steam or hot 
water at temperatures greater than 100°C to 
sterilize the package and food contents and to 
allow for non-refrigerated storage.   The high 
temperature and high moisture conditions 
during retort processing influence the 
performance of EVOH containers, causing 
higher oxygen permeation during retort and 
for a period of time after retort, commonly 
referred to as “retort shock”. 
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Having successfully developed a product 
range that matches the various processing 
technologies, development in more recent 
years has centered on tackling some of the 
sensitivities of the EVOH resins in particular 
food packaging conditions, especially under 
retort steam sterilization conditions.  
 
Figure 9 graphically highlights the 
phenomenon of retort shock by comparing 
the oxygen transmission rate of EVOH post 
exposure to retort conditions for 30 and 80 
minutes. For a long period of time, EVOH 
producers had relied on other products or 
technological development in other areas to 
tackle the retort shock issue. However, 
none of the solutions truly provided full 
satisfaction to the market for various 
reasons including difficulties to implement, 
restriction in field of application, 
organoleptic properties, transparency.  
Advances in EVOH technology have 
combined the well-known gas barrier 
performance of traditional EVOH resins with 
moisture scavengers (desiccants) and 
oxygen scavengers to create materials that 

provide better performance in retortable 
packaging.  The use of moisture scavengers 
yields true retort shock protection of EVOH, 
resulting in lower oxygen permeation during 
and just after retort processing.  The family of 
Kuraray moisture scavenging EVOH is K-
EVAL™. The use of oxygen scavengers does 
not yield retort shock protection of EVOH, but 
does provide compensation for the retort 
shock, significantly lowering oxygen ingress or 
completely preventing oxygen ingress during 
retort and for period of days or month after 
retort. The overall oxygen barrier performance 
of a plastic container with oxygen scavenging 
EVOH can be comparable to glass and metal 
containers.  This high level of performance 
may allow for further conversion of glass and 
metal to plastic containers and improved 
barrier performance in existing plastic 
packaging.  The family of Kuraray oxygen 
scavenging EVOH is EVAL™ AP. The concept 
behind EVAL™ AP grades is illustrated in figure 
10 where a comparison with standard 
(passive) grades is made. 
 
 

 

 
Figure 9: Oxygen transmission rate after retort at 121˚C. 
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Figure 10: Illustrative comparison of passive and scavenger grades of EVAL™ EVOH. 

 
Characterization of effectiveness of oxygen 
scavenging packaging can be monitored by 
measuring the oxygen ingress versus time 
rather than by the permeability 
performances which in this case would be 
time dependent. This is illustrated in figure 
11. Note particularly the concept of the 
“zero ingress” period, when the active 
scavenger reacts with any oxygen trying to 
pass through the barrier, once the 
scavenger is depleted the oxygen 
transmission rate returns to that of a 
passive EVOH grade.  

During the oxygen scavenging period, the 
efficiency of the scavenger can be monitored 
by the measurement of the oxygen ingress 
versus time using oxygen sensing equipment 
such as the one developed by Oxysense 
(www.oxysense.com). Figure 12 is a plot of 
oxygen concentration in a given container over 
time after retorting. The plot shows a 
comparison of containers that utilize EVAL™ 
AP (oxygen scavenging grade) or EVAL™ 
C109B (passive grade). 
 
 
 

 
Figure 11: Illustrative comparison of oxygen ingress for passive and scavenger grades of EVAL™ EVOH, post retort 

processing. 
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Figure 12:Oxygen content of given container following retorting at 121˚c for 30 minutes followed by storage at 23˚c and 
at RH50% as measured using Oxysense. 

 
Another way of demonstrating the 
efficiency of a scavenger grade is to 
measure the evolution of the remaining 
oxygen scavenging capacity of a package 
over time. In this case, the oxygen sensor 
of the Oxysense is placed into a glass 
container together with a part of the test 
tray and the amount of oxygen which is 
scavenged is then measured. This is 
repeated over a storage time. Figure 13 is a 
plot of oxygen scavenging capacity of a 
given container versus time. 
 
9. Food Shelf-life and Barrier 
 
Food Industry monitors the shelf life of 
their food by conducting test on the food 
odor, appearance, color or bacteriological 
organism numbers. By conducting in 
parallel food quality tests and packaging 
performance, both the food industry and 
the packaging industry aim to put on the 
market a product with a shelf life that 
matches the consumer needs and 
expectations.  
 

10. Conclusions 
 
The market for shelf-stable foods is large, 
growing and diversifying. It has been shown to 
have a very strong resistance to down turn 
during recessions in economy. While there are 
some trends that are apparent within the 
various segments of the market, it is clear 
that the overall trend is one of growth and 
diversification. 
 
The incumbent packaging for shelf-stable food 
has been glass jars and metal cans. Due to 
their many positive attributes these packaging 
options have enjoyed many years of 
utilization. However, it is clear that there are 
some deficiencies in the areas of 
breakage/damage, inertness and in the case 
of cans, clarity and shelf-appeal. 
 
The authors of this paper have highlighted co-
injection technology for rigid plastic packaging 
that addresses these deficiencies and also 
meets the requirements of the consumer and 
industry all along the supply chain. The use of 
Kortec co-injection equipment with Kuraray 
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EVAL™ advanced EVOH grades offers the 
industry a robust container that has 
excellent resistance to oxygen ingress 
allows 2 years of shelf-life. The technology 
can have high clarity to allow brand owner 
to show the quality of the packaged foods 
to consumers. Rigid plastic packaging offers 
a modern look and the ability to use a host 
of labelling options. 

The authors do encourage the industry to find 
specific applications for the technology 
presented in this paper. There is definitely a 
market that is large and growing, and there 
are clear needs to be satisfied along the 
supply chain for shelf-stable food packaging. 
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Figure 13: Oxygen scavenging capacity (cc/container) versus storage time. 
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