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4 Introduction

MAP - an innovative response
to food deterioration.

Taking a leaf out of nature’s book, AGA provides innovative solutions to seal in the natural freshness and flavor of foodstuffs - without the use of chemical preservatives.

Winning the race against time

Nowadays, good food has to be healthy, minimally processed and
attractively packaged - as consumers” expectations from foodstuffs
are continuously rising. Consequently, demands on food producers and
producers of packaging machines and materials are increasing too.
The consumer of today reacts sensitively when it comes to artificial
additives. There is a strong trend towards being able to purchase and
prepare fresh foodstuffs and readymade dishes at any time, as if they
came directly from the food manufacturer. Food safety and easy access
to all kinds of foodstuffs are very important. Therefore, it is becoming
more and more difficult to meet consumers’ great expectations. Itis
also becoming clear that the time factor is crucial.
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The challenge: maintaining freshness

From the very moment fruit is picked, corn is harvested or fish is caught,
the race against time begins. From now on, natural deterioration

and spoilage (internal factors like water activity, pH-value, type and
quantity of product microorganisms) endanger the quality and shelf-
life of the foodstuff. However, external factors (hygienic conditions
while processing, temperature etc.) also pose a threat to the product’s
freshness. It is therefore of critical importance how the product is
handled in the processing stage, on the filling line or during the chilling
process prior to packaging. Particular emphasis must be placed on the
packaging stage, because the way the foodstuff is packaged is decisive
when it comes to prolonging shelf-life and guaranteeing food safety for
the consumer.

The solution: MAP

In order to prevent this loss of natural freshness and quality, an ef-
fective and intelligent concept of food preservation has been develo-
ped - MAP. Through the use of natural gases and adequate packaging
materials and machines, the quality of foodstuffs is maintained and
their shelflife enhanced.

In the race against time, you profit by rationali-
zing your logistics. Even perishable products can
be transported farther, still arriving fresh and
appetizing for sale over an extended period.
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MAP benefits.

A short story about long-term profits

The success story begins with the consumers’ buying decision. Which
foodstuffs do they buy and which ones do they refuse? And why? MAP
individual packaging solutions are based on consumer statistics and
intensive market research in order to be able to react directly to consu-
mer preferences and buying patterns. By packaging the foodstuff in a
modified atmosphere, it is possible to maintain high quality and extend
shelf-life by days or even weeks. Products that previously could not be
stored fresh throughout the distribution chain can now be offered in
shops without sacrificing quality. There are decisive economic advan-
tages for the particular companies using MAP. This technology opens
up new markets and simplifies distribution logistics for the successful
promotion of sales and profits.

Extending the product range

Packaging with protective gases and thus increasing the product’s
shelf-life offers the possibility of successfully establishing new products
on the market and thus extending the product range. Revenues are
increased by offering more products in the shops, e.q. fresh pizza or
ready-made salads.

Increasing productivity, rationalizing distribution

MAP simplifies all distribution logistics because goods can be delivered
less frequently and across longer distances. This enhances planning
flexibility and rationalizes the workflow from the delivery of the raw
material to transporting the goods to the shops or intermediate stores.
Due to prolonged shelf-life, the food manufacturer is able to provide
new markets with his goods and radically extend his geographical sales
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region. This is another important advantage when operating on a global
market which is increasingly dominated by large-scale companies. In
some sectors there are strong fluctuations in the availability of raw ma-
terials. For example, seasonal bottle-necks have to be bridged or peaks
balanced. The supply of products of consistently high quality has to be
guaranteed at any time. Output can be arranged reqularly, consequent-
ly utilities and workforce remain balanced throughout. All these factors
increase the productivity and the efficiency of the company.

Higher availability, greater market share

By using MAP, days if not weeks of highquality shelf-life are gained du-
ring which your products are available to the consumers. Sales figures
soar with every additional day. As many renowned companies have
proved, MAP results in successful product sales and raises the market
share. The bigger the market share, the more consumers react posi-

tively to the product. In addition to this, doing away with preservatives
increases the sales volume and has a positive effect on the company’s
image.

Reduced spoilage and returns

Fresh food that is not sold in time is returned. This is a large-scale
problem that seriously affects productivity. MAP makes it possible for
products to maintain a safe level of quality. The results are reduced
spoilage and fewer returns.
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MAP - Modified Atmosphere Packaging.

Low temperatures are very important for the shelf-life of chilled food

Deterioration processes and appropriate gases

Food is a biological, sensitive substance. Original freshness and shelf-
life are affected by the inherent properties of the product just as much
as by external factors. Internal factors affecting quality are:

the type and quantity of microorganisms
water activity aw

pH-value

cell respiration

food composition

External factors affecting the inherent
quality:

temperature

hygienic conditions

gas atmosphere

processing methods

MAP - Modified Atmosphere Packaging
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Spoilage starts immediately

Itis primarily microbial and chemical/ biochemical deterioration

that destroys food. Microbial deterioration starts immediately after
harvesting or slaughtering. The presence of microorganisms can be
traced back to the raw materials, the ingredients and the environment.
Microorganisms are found everywhere in our surroundings, e.g. on our
skin, on tools and in the air. For this reason, good hygienic conditions
must be maintained throughout the processing chain. The ways in
which microorganisms bring about spoilage vary depending on the type
of organism and the foodstuff itself. Basically, microorganisms can be
divided into two categories: aerobic and anaerobic. Aerobic organisms
require the presence of oxygen (0) to survive and multiply. Anaerobic
organisms, on the other hand, grow in the absence of oxygen. Aerobic
microorganisms include Pseudomonas, Acinetobacter and Moraxella,
which spoil food by decomposing and producing substances that give a
bad taste and odor. Anaerobic microorganisms include Clostridium and
Lactobacillus. When foodstuffs are handled incorrectly, Clostridium can
generate a toxin. Lactobacillus, on the other hand, is a harmless bacteri-
um that turns the food sour by producing lactic acid.
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Low temperature is a highly effective inhibitor

Temperature is one of the most important factors controlling microbi-
ological activity. Most microorganisms multiply optimally in the 20 to
30 °Crange and show reduced growth at lower temperatures. Careful
temperature monitoring is therefore vital during all food handling and
distribution stages. Chilling alone, however, will not solve all microbi-
ological problems. There are some psychrophilic bacteria, e.g. Pseudo-
monas, that multiply at relatively low temperatures. For such organisms,
other defenses must be resorted to, such as a modified atmosphere.

Oxygen causes chemical breakdown

oxidation of unsaturated fats in the presence of atmospheric oxygen,
causing the product to turn rancid. Enzymatic reactions caused by po-
lyphenol oxidase, for example, bring about the brown discoloration of
sliced fruits and vegetables. Oxygen, however, is important in maintai-
ning the red color of cut meat.

Solubility in water at Pgas = 100 KPa gram/kilogram at 15 °C.

Carbon dioxide, CO, 1.62
The chemical reactions may be oxidation of vitamins or lipids or caused Argon, Ar 0.06
by enzymes. The chemical breakdown of lipids is the primary process Oxygen, 0, 0.04
in dry or dehydrated foodstuffs and in high-fat fish. This is due to the Nitrogen, N, 0.02
Hurdle concept
A, pH-value Temp. Gas (C0,)
€0, provides an extra hurdle for chilled food safety
Chemical and biological reaction according to water activity €0, solubility in water
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From food preservation to the protection of natural quality

Present developments are moving away from the previous preservative
methods that physically or chemically alter the product toward less
severe methods that leave the product unchanged. The methods that
represent the ultimate attempt to protect the inherent quality of a food
product range from processes such as high-pressure and microwave
methods to various packaging techniques, e.g. oxygen absorption,
vacuum, sous-vide techniques and MAP. MAP is a natural shelf-life-
enhancing method that is growing rapidly on an international scale. It
often complements other methods. The correct gas mixture in modified
atmosphere packaging maintains high quality by retaining the original
taste, texture and appearance of the foodstuff. The gas atmosphere
must be chosen with due consideration of the particular foodstuff and
its properties. For low-fat products with a high moisture content, it is
especially the growth of microorganisms that has to be inhibited. On
the other hand, should the product have a high fat content and low
water activity, oxidation protection is the most important. The MAP gas
mixtures usually consist of the normal air gases: carbon dioxide

(COy), nitrogen (N,) and oxygen (0,). Microorganism growth can also be
inhibited to a certain extent with the help of other gases such as nitrous
oxide, argon or hydrogen. Each of the gases has its own unique proper-
ties that affect its interaction with the foodstuffs. The gases are used in
mixed atmospheres, in suitable proportions or by themselves.

Carbon dioxide inhibits microbial activity

Carbon dioxide is the most important gas in the field of MAP tech-
nology. Most microorganisms such as mold and the most common
aerobic bacteria are strongly affected by carbon dioxide. The growth of
anaerobic microorganisms, on the other hand, is less affected by this
gas atmosphere. Carbon dioxide inhibits microbial activity by effectively
dissolving into the food’s liquid and fat phase, thereby reducing its
pH-value, and by penetrating biological membranes, causing changes in
permeability and function.

Nitrogen - inert and stabilizing

Nitrogen is an inert gas. It is primarily used to replace oxygen in pa-
ckaging and thereby prevents oxidation. Owing to its low solubility in
water, nitrogen also helps to prevent package collapse by maintaining
internal volume.

Oxygen level should be as low as possible

For most foodstuffs, the package should contain as little oxygen as
possible to retard the growth of aerobic microorganisms and reduce the
degree of oxidation. However, there are exceptions. Oxygen helps to
preserve the oxygenated form of myoglobin, which gives meat its red
color. Oxygen is required for food and vegetable respiration.
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Chemical and biological reaction according to water activity
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Bacterial growth on pork in different atmospheres at 4 °C

Growth rate of microorganisms

acid neutral basic pH-value
Growth of microbes as a function of the medium

MAP is used to increase the shelf-life

of foodstuffs as well as to improve the
quality of the packaged product. The
key to this technology lies in varying
the concentration of different gases
(generally CO,, N; and 0,) in coordination
with the respective product. The most
important prerequisites for successful
MAP technologies are: good original
quality of the product and the raw
materials, appropriate temperature
control, good hygienic conditions (e.g.
HACCP system), the use of gaseous
mixtures appropriate to the product

and the use of appropriate and tight
packaging. Particularly the last point, the
optimization of packaging, is a decisive
factor for the efficiency of MAP. The
packaging must have appropriately low
oxygen/qgas permeability as well as
tight sealings, otherwise too much gas
can penetrate. Generally, the share of
residual oxygen in each package should
be less than 1-2 %. In the case of higher
oxygen values, MAP cannot be used to
its best advantage as far as oxidation
protection is concerned. Exceptions to
this rule are special MAP atmospheres,
e.qg. for fresh meat, which work with
high concentrations of oxygen. If carbon
diox- Growth of microbes as a function
of the medium Bacterial growth on pork
in different atmospheres at 4 °Cide, in a
concentration which allows it to unfold
its bacteriostatic effect, is part of the
modified atmosphere, the minimum
concentration of this gas should be

20 %.

Dr. Michael Washuettl, Head of
Department of Modified and Active
Packaging ofi Packaging Institute
Vienna, Austria
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Perfect food comes in perfect packaging.

Tailored solutions for any kind of product

Packaging materials are of decisive importance for food quality and
shelf-life. Many sophisticated packaging solutions have been developed
to prevent rapid deterioration caused by oxygen, light and bacteria or
by foreign odor and taste substances that come into contact with the
product.

The manufacturer of foodstuffs faced with choosing suitable packaging
designs and materials has many important decisions to make, and also
has to comply with general legal demands for packaging materials.
What does the product require in the way of packaging as protection
against quality deterioration from microbial growth, oxidation, dehydra-
tion, etc.? What barrier properties does the packaging provide against
oxygen, light and volatile substances?

What water vapour transmission rate should the packaging have? What
applies with regard to the material’s transparency, sealing ability, anti-
fogging properties, microwaveability or price?

Various material properties combined

Packaging materials used with all forms of MAP foods (with the excep-
tion of fruit and vegetables) should have high barrier characteristics.
Polymers used include polyester, polypropylene, polystyrene, polyvi-
nyl chloride, nylon, ethylene vinyl acetate and ethylene vinyl alcohol
polymers. These are usually laminated or coextruded with polyethylene,
which comes into direct contact with the food and is the heat-sealing
medium.
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Chemical and biological reaction according to water activity
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Primary function of various basic materials

Abbrevation Basic materials

Primary function

Al Aluminum

high barrier

APET amorphous polyester rigidity, gas barrier

CPET crystallized polyethylene terephthalate  rigidity, high temperature resistance, gas barrier

EVA ethylene-vinyl acetate sealing layers

EVOH ethylene-vinyl alcohol gas barrier

HDPE high density polyethylene moisture barrier, rigidity, microwave capability, sealing layers
LDPE low density polyethylene sealing layers

OPA oriented polyamide gas barrier

OPET oriented polyethylene-terephthalate high temperature resistance, flexibility, puncture resistance
OPP oriented polypropylene moisture barrier, flexibility, puncture resistance

PA polyamide (nylon) high temperature resistance, flexibility, toughness, some gas barrier
PAN acrylonitrile gas barrier

PET polyethylene terephthalate (polyester)  rigidity, some gas barrier

PP polypropylene moisture barrier, rigidity, microwave capability

PS polystyrene rigidity

PVC polyvinyl chloride rigidity, gas barrier

PvdC polyvinylidene chloride moisture barrier, gas barrier

Examples of materials for some food products

Food Material

Bottom Top
Red Meat, OPET/PE/EVOH/PE/ XPP/EVOH,/PE OPP/PE/EVOH/PE
processed meat, OPET/PE/EVOH,/PE
poultry, fresh fish EPS/EVOH/PE OPA/PE

(XPP and EPS are

expanded materials)

Sausages PA/PE

Pizza, pasta, OPA/PE PA/PE

cheese

Dry products, coffee,

milk powder Metalized PET/PE

Cut salads OPP PS/PE OPA/PE




Importance of hygiene for shelf-life of fish

Research work strives to use environmentally friendly materials

both for manufacture and for subsequent combustion as well as for
optimizing the packaging material, so that the amount of material is
minimized. One development is the use of foamed materials in trays in
order to be able to offer an attractive package. Another development is
the use of reclosable packages, e.qg. for sliced ham, cheese etc. In the
table below is a list of some typical materials used with products. The
exact composition of the film is adapted to the individual product and
to the type of package required. To ensure that a modified atmosphere
will be retained during the lifetime of the package, several different
plastic materials are often combined into a multi-layered structure,
each layer having its own function.

Different plastic materials can therefore be chosen and combined to
achieve:

N
N
N
N
N

mechanical strength

water vapour barriers to prevent weight loss and dehydration

gas barrier

gas permeability

anti-fogqging properties (the inside of the material should have a
surface that does not allow the formation of water droplets, which
reduce transparency)

- sealing properties, i.e. capable of sealing into a tight package while
retaining material properties even along the weld seam.
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Packaging machines for individual products.

e e A,

Pthuia

thulis

There are five main groups of packaging machines used with MAP tech-

nology, depending on the type of product. Although these machines
are based on different principles, the basic mode of operation is the
same. First, 3 package is formed (or prefabricated packages are used)
and filled with the product. Then the air in the package is replaced by
a modified atmosphere. Finally, the package is sealed. These three
steps take place either manually or automatically. The methods used to
modify the atmosphere include gas flushing or vacuum extraction and
then gas injection. The specific gas consumption depends on the type
of machine. In gas flushing, the air inside the package is replaced by a

i f ki b B

afbha kk en

continuous gas stream that dilutes the air surrounding the food product
before the package is sealed. Since this dilution is continuous, the pa-
ckaging rate can be high. In the vacuum process, air is extracted from
the package and the resultant vacuum is broken by injection with the
desired gas mixture. Since this is a two-step process, it is slower than
the gas flushing method. However, because the air is almost totally
removed, the efficiency of this process with regard to residual oxygen
levels is better than in the case of gas flushing.



Packaging machines 17

Vertical flow-pack

A film is formed into a tube that is pinched together at one end and sealed over an
injection pipe. The product is portioned out into the tube, which is then sealed at the
other end and cut off. Gas is continually fed through the tube to purge the air. This
machine is mostly used for powdered and bulk products such as coffee and peanuts as
well as diced food-stuffs. Sometimes gas flushing may be necessary before packaging.

Horizontal flow-pack

The foodstuffs are fed into a horizontal flowing tube that is constantly formed by a
packaging machine. The tube is sealed and cut off along both sides of the product. Gas
is flushed into the resultant bag, purging the air. This equipment works fast and uses
less complicated film material than the deep-drawing machine. Typical foods are bake-
ry products, sausages, cheese, pizza and green salads. One special technique is BDF
(Barrier Display Film). In this technique, a special BDF is used to pack the food product
on a tray in MAP. The trays then pass through a heating tunnel where the film shrinks
around the packages, enclosing them in the modified atmosphere.

Tray-sealer machine

The tray-sealer can be operated manually, semiautomatic (illustrated here) and
continuously depending on production size. This machine can be compared to the
deep-drawing machine, but the bottom trays into which the product is put are ready-
made and not formed during the process. Depending on the foodstuff and marketing
aspects, a wide range of trays can be used with the tray-sealer machine. These ma-
chines are used for most food products, e.g. ready meals, salads, meat and fish.

Deep-drawing machine

Film is heat-formed into a tray on a lower conveyor belt and the product is then added.
Airis extracted, gas injected and the loaded package is sealed by welding on a film
from an upper conveyor belt. This machine is suitable for foodstuffs such as meat, fish
and prepared food.

Vacuum chamber machine

The product is inserted into prefabricated bags or trays. The packages are placed in a
chamber from which the air is extracted and the pressure then equalized with gas. The
packages are then sealed by welding. This machine type is suitable for small produc-
tion volumes at a relatively low cost.

Bag-sealing machine bag-in-box

Prefabricated bags are filled with the product. A snorkel probe is introduced into
the bag and air is extracted. Gas is then fed in, the snorkel is removed, and the bag
is sealed. Such equipment is used for large packages of meat, poultry and fish, for
example.



18 BIOGON® food grade gases and gas supply

AGA: BIOGON® food grade gases and gas supply.

A gas supply adapted to every application

The gases predominantly used in MAP storage are carbon dioxide (CO,),
nitrogen (N,) and oxygen (0,). These gases are used either alone or

in mixtures. The gas properties and the interaction of gases with the
food ingredients, e.g. solubility in the foodstuff, should be taken into
account when choosing the gas or gas composition.

AGA supplies the food grade gases carbon dioxide (C0O,), nitrogen (N,),
oxygen (0,) and other gases authorized for foodstuffs either premixed,
as individual gases in cylinders under high pressure, or as liquids in
insulated tanks for subsequent mixing at the packaging machine.
“Food-grade gas” is a specific definition for gases used as a processing
aid and/or additive in order to ensure that standards are complied with.
AGA food grade gases conform to “food-grade” requlations, e.g. the

EC directive 96/77/EC on food addi- AGA: BIOGON® food grade gases
and gas supply tives within the EU countries and the FDA guidelines in
the USA. N, and 0, are separated from the atmospheric air. CO; is taken

Common examples of AGA food mixtures.

Examples Gas components (%)

0, co, N,
BIOGON® N 100
BIOGON® C 100
BIOGON® O 100
BIOGON® NC 20 20 80
BIOGON® NC 30 30 70
BIOGON® OC 25 75 25

BIOGON® OCN 25 09 66 25

Lto

Names may vary from country to country.




BIOGON® food grade gases and gas supply
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Retailer

from natural wells or as a byproduct of, for instance, fermentation pro-
cesses (wine, beer) or ammonia production. Sometimes it may be more
effective and practical to produce nitrogen on-site using PSA (pressure
swing adsorption) or a permeable membrane plant. If a PSA/ membra-
ne system is used, a back-up gas supply system is recommended.

Careful evaluations precede each choice

The supply option that may be best depends on the type of foodstuff,
the production volume, the packaging line, and also whether the gas is
to be used anywhere else in production. It may be preferable to have
premixed gases supplied if production is relatively limited or if a new
production facility is being started up. When production rates increase
and various products are to be packaged, it may be more suitable and
more economical to switch over to mixing gases on site. Then a mixer is
used and the gases are supplied from cylinders, tanks or PSA/memb-

Customer

rane systems. Each application must be evaluated separately before
decisions can be made regarding the supply options and gas mixtures.
For quality assurance, reqularly checking the gas mixture in the ready
packages after sealing is recommended.

Thorough quality control of food gases

Before the cylinders are filled, they are examined, checked thoroughly
and pretreated if necessary. Each unit is regularly analyzed to check for
cleanness and correct ratio of the mixture. In addition, examinations

of certain rules relating to other components and sterility are made in
rotation by independent institutes.
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MAPAX® solutions for packaging in modified
atmosphere by AGA.

Discover the secrets of freshness - discover MAPAX® solutions

All in one - MAPAX® solutions functions everywhere

MAPAX® concept from AGA is a tailormade MAP program based on the
necessary data relating to foodstuffs, gases and packaging. MAPAX®
concept takes into consideration:

the handling and processing of the product

the types and quantity of microorganisms

the level of hygiene

the delay before packaging

the temperature

the properties of the packaging material, e.g. permeability
the free gas volume of the package

the gas mixture

the residual oxygen level

N N N N N N 2



MAP industrial infrastructure

MAPAX® solutions for packaging in modified atmosphere

—

Combining experience, research and knowhow
for fresher food

In order to be able to recommend the right MAPAX® solution for the
application in question, AGA acts as more than a mere supplier of gas.
MAPAX® concept is based on close cooperation between the suppliers
of the packaging material, the packaging machines and the gases. The
purpose of this collaboration between suppliers is to be able to meet
demands for an efficient and cost-effective packaging of foodstuffs,
with consistent product quality throughout the entire distribution chain
and ending as an attractive display in the chilled-food counter. The goal
of this cooperation, by exploiting the advantages of MAP technology in
the right way and by adapting methods to each application, is also to
be able to offer solutions that make it possible for the manufacturer to
develop new products for sale on new markets.

AGA works closely with food research institutes in many countries,
e.g. SIK (Sweden), VTT (Finland), Campden (UK). In the laboratories

of SIK, for example, various simulations are carried out to determine
the potential hazards from microorganisms. Such studies provide the
information necessary for determining safe shelf-life periods. Because
AGA has access to know-how dealing with how different bacteria are
affected by the combination of temperature/atmosphere and other
such parameters as permeability, a MAPAX® solution can be offered
that will ensure maximum microbiological security for each foodstuff.
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AGA expert explaining MAPAX® concept to the customer

Practical experience gives confirmed safety solutions

AGA has customers in the food processing industry all around the
world. Valuable contacts have been established with several leading
companies that package their products in modified atmospheres. For a
number of years, AGA has had the advantage of accumulating expe-
rience and know-how from applications for which MAPAX® solutions for
modified atmosphere has proved to be the answer. The collaboration
with the food processing industry has contributed greatly to facilitating
the choice of a suitable atmosphere and packaging material for indivi-
dual applications.
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Comparison of shelf-life for products packed in air and MAPAX® solutions respectively

Food Typical shelf-in air Typical shelflife life with
MAPAX® concept
Raw red meat 2-4 days 5-8 days
Raw light poultry 4-7 days 16-21 days
Raw dark poultry 3-5 days 7-14 days
Sausages 2-4 days 2-5 weeks
Sliced cooked meat 2-4 days 2-5 weeks
Raw fish 2-3 days 5-9 days
Cooked fish 2-4 days 3-4 weeks
Hard cheese 2-3 weeks 4-10 weeks
Soft cheese 4-14 days 1-3 weeks
Cakes several weeks up to one year
Bread some days 2 weeks
Pre-baked bread 5 days 20 days
Fresh cut salad mix 2-5 days 5-10 days
Fresh pasta 1-2 weeks 3-4 weeks
Pizza 7-10 days 2-4 weeks
Pies 3-5 days 2-3 weeks Cost relations - Rules of thumb
Sandwiches 2-3 days 7-10 days
Ready meals 2-5 days 7-20 days Gas machine  package food
Dried foods 4-8 months 1-2 years 1 5 ¢ 10 100

MAPAX® offers a complete menu of solutions

The gas cost plays a small partin MAP

0, i
/—/l
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MAPAX® - best for meat and meat products.
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The “lag” phase Bacteria count according to time for meat stored
in air and in a modified atmosphere at the same
temperature. The meat stored in air enters the

In air In modified atmosphere period of extremely fast growth, the “log” phase,
well ahead of the meat stored in the modified
atmosphere. This is because the CO, in the modi-
fied atmosphere has dissolved into the surface
of the meat reducing its pH-value and therefore
inhibiting bacterial growth during the “lag”
phase, until the point when the inhibiting effects
become insufficient to control the bacteria.

Bacteria count

Extended lag phase

Time
Recommended gas mixtures for meat and meat products
Product Gas mixture Gas volume Typical shelf-life Typical shelf-life Storage temp.
Product volume Air MAP
Raw red meat 60-80 % O, + 100-200 ml
20-40 % (O, 100 g meat
2-4 days 5-8 days 2-3°C
Raw light poultry 40-100 % CO, + 100-200 ml
0-60 % N, 100 g meat
4-7 days 16-21 days 2-3°C
Raw dark poultry 70 % 0, + 100-200 ml
30 % CO, 100 g meat
3-5 days 7-14 days 2-3°C
Sausages 20-30 % CO, + 50-100 ml
70-80 % N, 100 g prod.
2-4 days 2-5 weeks 4-6 °C
Sliced cooked meat 30 % CO, + 50-100 ml
70 % N, 100 g prod.
2-4 days 2-5 weeks 4-6 °C
Bacteria grow easily on fresh meat Red meat requires oxygen

Meat and meat products are particularly susceptible to bacterial growth A special problem arises with red meat such as beef with regard to

owing to their high water activity and nutrient content. Meat is sterile color changes caused by the oxidation of the red pigment. The atmos-
to begin with, but when carved up, the surfaces exposed to the ambi- phere for fresh meat therefore normally contains high concentrations
ent air provide excellent conditions for the growth of bacteria. Minced of oxygen (60-80 %) in order to retain the red color by ensuring high
meat is naturally even more exposed. For this reason, hygiene and oxygen levels in the meat’s myoglobin. Highly pigmented meat such as
effective temperature control in processing and prepackaging - keeping  beef thus requires higher oxygen concentrations than low pigmented
tools and equipment clean - is vitally important to minimize the conta- meat such as pork. With the right mixtures, the practical shelf-life of
mination of the product with microorganisms. consumer-packed meat can be extended from 2-4 days to 5-8 days at

4°C.



28 Meat and meat products

The effectiveness of carbon dioxide

Generally speaking, carbon dioxide has a strong inhibiting effect on the
growth of bacteria, of which the aerobic genus Pseudomonas presents
the greatest problem for fresh meat.

MAPAX® packaging in modified atmosphere of
chicken products

To meet customer demands for chicken that is fresh, easy to prepare
and salmonella- free, one of the major chicken companies on the
Swedish market started packaging a selection of their chicken products
using a special BDF (Barrier Display Film) and Modified Atmosphere

Packaging for bulk packs of whole chickens and a wide range of natural
and marinated ready-to-eat chicken products. In this technique, BDF is
used to pack the chicken on a tray in a modified atmosphere. The trays
then pass through a tunnel where the film shrinks around the pa-
ckages, enclosing them in the modified atmosphere. This way MAPAX®
solutions not only increases shelf-life from about 4 days to nearly 21
days but also simplifies distribution, the packaged products look more
attractive and customers find the fresh products easy to prepare for
the table. For the company, the introduction of fresh products using
MAPAX® solutions has increased their competitive edge at home and
has opened up possibilities for the export of their chicken products to
other countries. As a result, they intend to convert their facilities to the
production of fresh rather than frozen products.
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Microbiological shelf-life of chicken at different atmosphere /temperature combinations

A=1000% CO, / 1°C

B = 10-30 % CO, rest N, / 1 °C
C=Vacuum / 1°C

A D =100 % CO, / 4-6 °C
E=Vacuum / 4-6 °C
F=10-30 % CO, rest N, / 4-6 °C

B G=Air/1°C
H= Air / 4-6 °C
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One of the leading meat-processing companies in Poland is Balcerzak i
Spolka Sp. z 0.0. This is a very modern plant located in the western part
of Poland, employing 700 people. They mostly serve the Polish market
in cooperation with the largest supermarket chains, and also sell their
goods to the EU and eastern markets. They are famous for their tasty,
thin, dry smoked pork and poultry sausages. They have a very modern
packaging department with 4 high-capacity packaging machines, and
MAPAX® solutions.

Why did you start using MAPAX® concept in 1999?

In 1999 we packed only 3 product groups in modified atmospheres.
Using this technology helped us to increase our sales dramatically. The
reason for using MAP was, first of all, the market demand, especially
from supermarket chains, for longer shelf-life, optimally organized
production and transport, and better hygiene for packaged products.
The economic factor is also important: water loss is reduced. What
kinds of products do you pack in modified atmospheres? Nowadays, we

package some 65-70 different kinds of products in MAP, mostly sausa-
ges. 80 % of the MAP-packaged products are prepared and offered as
bulk packages, e.g. 1-3 kg of sausages in one unit, the remaining 20 %
are small, individual consumer packs. We also pack fresh raw meat in
modified atmospheres.

Marzena
Wojdanowicz,
Quality Manager,
Balcerzak i Spélka
Sp. z 0.0., Poland
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Microbiological shelf-life of chicken at different atmosphere /temperature combinations

Fish such as cod and plaice kept at 0 °C can

Quality

High

Low

Air

maintain its high quality twice as long in the
correct modified atmosphere

MAP

Recommended gas mixtures for fish and seafood

Time

Product Gas mixture Gas volume Typical shelf-life Storage temp.
Product volume Air MAP
Raw fish 40-90 % CO, + 200-300 ml
10 9% 0, + 100 g fish
0-50 % N,
3-5 days 5-14 days 0-2 °C
Smoked fish 40-60 % CO, + 50-100 ml
40-60 % N, 100 g fish
15 days 30 days 0-3°C
Cooked fish 30 % CO, + 50-100 ml
70 % N, 100 g fish
7 days 30 days 0-3°C
Prawns 40 % CO, + 50-100 ml
(peeled, cooked) 60 % N, 100 g prod.
7 days 21 days 4-6 °C

Fresh fish deteriorates very quickly

Fresh fish rapidly loses its original quality due to microbial growth and
enzymatic processes. The sensitivity of fish and seafood is caused by its
high water activity, neutral pH-value (at which microorganisms thrive
best) and the presence of enzymes which rapidly undermine both taste
and smell. The breakdown of proteins by microorganisms gives rise

to unpleasant odors. The oxidation of unsaturated fats in high-fat fish
such as tuna, herring and mackerel also results in an unappetizing taste
and smell. Fish such as herring and trout can turn rancid even before
microbial deterioration is detectable.

In order to maintain the high quality of fresh fish products, it is abso-
lutely necessary to keep the temperatures as close to 0 °C as possible.
In combination with the right gas mixture, shelf-life can be extended
by a few important extra days. One condition, naturally, is an unbroken
chain of refrigeration. Cod, flounder, plaice, haddock and whiting are
examples of fish that can be stored at 0 °C twice as long in a modified
atmosphere as in air.

Carbon dioxide: a prerequisite for maintaining quality

The presence of carbon dioxide is necessary to inhibit the growth of
common aerobic bacteria such as Pseudomonas, Acinetobacter and
Moraxella. At levels above 20 % in sufficiently large package volumes,
growth in fish is primarily inhibited because carbon dioxide reduces
the pH- level of the tissue surface. The carbon dioxide concentration is
normally 50 % in practical situations.

Depending on the storage temperature (0-2 °C), modified atmosphere
packaging prolongs shelf-life by 3 or 5 days compared with the shelf-
life of raw fish in a tray with film over-wrap. Excessively high concen-
trations can produce undesirable after-effects in the form of lost tissue
liquid or, in the case of crabs, an acidic or sour taste.
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Oxygen keeps color

Oxygen can be used as a component of a modified atmosphere to
avoid color changes and pigment fading in fish and seafood. The gas is
also used to prevent the growth of anaerobic microorganisms such as
Clostridium, which can produce toxin. However, the risk of Clostridium
growth in correctly modified atmosphere packaged fish with 3 short
shelf-life is negligible. If the temperature is kept below 2 °C, there

can be no growth. To combat rancidity, oxygen should not be used in
packages of high-fat fish. Nitrogen is more suitable in such cases.
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Importance of hygiene for shelf-life of fish

Colonies per unit

Acceptance level

Same tempetarure

Development of shrimp packaging

AGA works alongside some of the leading shrimp producers in Euro-
pe. After blanching and chilling and, in the case of brown shrimps,
peeling, the shrimps are packed for chilled distribution to wholesalers
throughout Europe. In order to be able to satisfy the demand for high-
quality non-frozen fresh shrimps, the company replaced the use of pre-

servatives and rather bulky bags by packaging solutions using MAPAX®.

Legislation was forcing the industry to minimize the use of preserva-

Marian Seafood is owned by the Tine Norske meierier (National Dairies)
and Norsk Kjatt. It is a fairly young company
with a small administration.

Marian’s main targets are:

- To supply the market with fresh fish by means of meal solutions
which are time-saving, tasty and which support a healthy lifestyle.

- To build up a segment of fresh seafood products by increasing
access.

- The fish types we package are cod, salmon and haddock, suitable
for traditional home-cooked fish meals.

- To encourage an even larger part of the population to eat fish on a
reqular basis, we supply spices/herbs and a sachet of ready sauce
with the product as well as cooking suggestions suitable for each
type of fish.

- To ensure the required shelf-life for our products, we use the
MAPAX® concept from AGA, a member of the Linde Group. This
involves the use of foodgrade gases in the correct mixture. The
gas mixture is tailor-made to prevent unwanted microbial growth,
as well as filling the package so that it retains a natural shape and
looks good.

Shelf-life

tives. Furthermore, the market wanted fresh shrimps packed in smaller
consumer packs that were easier to handle, free from leakage and odor
problems and with a much improved shelf-life. As a result of the change
in packaging technique, the quality of the product has been

raised and the consumer is presented with an attractive and more con-
venient product. The shelf-life has increased from one to three weeks.
MAPAX® solutions has also made it possible to develop a new range

of products and has finally given the company an even better position
within the tough European market.

All these improvements to the fish product will benefit the consu-
mer, who in turn will be able to buy absolutely fresh fish every day,
packaged in gas and a super hygienic environment. With MAPAX®
solutions, our products reach a shelf-life of 10 days.

Technical features

Packaging machine: Polimoon,
Automatic tray-sealer

Tray: HDPE

Top film: PA/PE

Per Simon Slettebg,
Director Marian Seafood,
Norway
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MAPAX® - best for dairy products.
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The effect of 100 % CO, on various bacteria

Yersinia frederiksenii
Staphylococcus aureus
Clostridium sporogenes
Citrobacter freundii
Eschderichia coli
Streptococcus faecalis
Yersinia enterocolitica
Brochothrix thermosphacta
Lactobacillus viridescens

Lactobacillus viridescens

Low

Microorganisms are inhibited to varying degrees by carbon dioxide

High
Inhibition

Product Gas mixture Gas volume Typical shelf-life Storage temp.
Product volume Air MAP
Raw fish 40-90 % CO, + 200-300 ml
10 9% 0, + 100 g fish
0-50 % N,
3-5 days 5-14 days 0-2 °C
Smoked fish 40-60 % CO, + 50-100 ml
40-60 % N, 100 g fish
15 days 30 days 0-3°C
Cooked fish 30 % CO, + 50-100 ml
70 % N, 100 g fish
7 days 30 days 0-3°C
Prawns 40 % CO, + 50-100 ml
(peeled, cooked) 60 % N, 100 g prod.
7 days 21 days 4-6 °C

Recommended gas mixtures for dairy products

Type of breakdown for dairy products

Microbial growth and rancidity are the primary causes of the quality
deterioration in dairy products.

The type of breakdown depends on the characteristics of the particular
product. Hard cheeses with relatively low water activity are normally
affected by the growth of molds, whereas products with high water ac-
tivity such as cream and soft cheeses are more susceptible to fermenta-
tion and rancidity.

Lactobacillus, which is much used in the dairy industry, may also be a
problem as it turns products sour by lowering their pHvalue. This may
be further intensified by the fact that cottage cheese packages, for
example, contain incorrect gas atmospheres with excessive levels of
carbon dioxide.

Mold prevented by carbon dioxide

In the packaging of hard cheese, carbon dioxide is used first and
foremost. It effectively stops or reduces microbial activity and helps to
retain texture. Even carbon dioxide concentrations of just 20 % strongly
affect the growth of mold fungi. Lactic acid bacteria, a natural constitu-
ent of cheese, are affected very little by the surrounding atmosphere.

Soft cheeses are also packaged in atmospheres with increased carbon
dioxide levels and low oxygen levels to inhibit bacterial growth and
rancidity. In packaging for hard cheeses, the carbon dioxide level is up
to 100 % and for soft cheeses, the level is usually restricted to 20-40
%. The reason for this is to prevent the package from collapsing under
atmospheric pressure as the carbon dioxide dissolves into the water
content.
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MAPAX® packing of cheese slices

€0,/N, mixes to avoid package collapse

Value-added cheeses, such as grated or sliced cheddar, are also pa-
cked in modified atmospheres. Grated cheese is usually packed in an
atmosphere of 50 % N, and 50 % CO,. The use of only 50 % CO2 avoids
package collapse.

Cultured products as a new application

Cultured products such as cottage cheese and yogurt were not pa-
ckaged in modified atmospheres until recently. But the demand for
longer life has led to their use. The shelf-life of cottage cheese packed
under carbon dioxide can be extended by a week.
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MAPAX® packing of cheese slices in modified atmosphere

Cheese category Example Moisture
varieties content (%)
Unripened, soft Cottage not >80
Mozzarella
Ripened, soft Camembert
Brie
Semi-hard Caerphilly
Limburg
Hard Cheddar
Gouda
Emmental
Gruyere 38-40
Blue-vein Roquefort 40-45
Gorgonzola 40-45
Stilton 40-45

Nitrogen stops cream turning sour

Cream and dairy products containing cream rapidly turn sour in pure
carbon dioxide atmospheres. The gas is therefore replaced by nitrogen
or a mixture of nitrogen and carbon dioxide. By keeping out oxygen,
nitrogen prevents rancidity and the growth of aerobic bacteria.

MAPAX® improves marketability of cheese slices

The advantages of MAPAX® concept can be clarified using the exam-
ple of an important supplier of Dutch cheese and butter products in
Holland. Cheese slices are packaged either individually or in packs of

Based in the heart of Wisconsin’s dairy industry, Alto Dairy Cooperative
has a century of experience in manufacturing and marketing cheese.
Alto’s 975 member farms supply five million pounds of milk to their two
cheese-making facilities each day. This milk is turned into consistently
high-quality cheese products by Alto’s skilled production team, and
marketed throughout the United States. Alto Dairy produces over
550,000 pounds of cheese per day in two state-of-the-art facilities.

Quality in - Quality out

As part of Alto’s mission statement, they vow to “provide top-quality
natural cheeses and value-added by-products to the global market-
place” and to “develop state-of-the-art manufacturing plants.” The best
way to provide a high-quality product that will I3st through the chain
of distribution is by using MAPAX® gas packaging solutions. With a mo-
dified atmosphere, the taste, texture, and odor of the product doesn’t
deteriorate, which is not true of other methods of extending

shelf-life.

Since 1997, AGA, a member of the Linde Group, has been providing

a constant supply of nitrogen to Alto’s Waupun facility by means of
an onsite generation plant, as well as effecting traditional bulk liquid
nitrogen deliveries.

up to 120 slices. When t