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It is a defining (and vulnerable) moment when 
your packaged product meets the consumer. That's 
when your brand is literally in their hands.
The purpose of this guide is to try and pinpoint the 
most common challenges of MAP quality control in 
the meat industry.
We have been developing, selling and servicing 
precision gas measurement instruments for 
Modified Atmosphere Packaging applications for 
more than 35 years and we hope this guide will 
inspire and motivate you to reach out to us for 
support and collaboration.

Why a Meat guide?



Product safety remains the top priority.  
Packaging type and technology are the main factors 
affecting microbial population in fresh and cured meat.
Right now, the world is trying to reduce human 
interaction. In Quality Control, going from manual 
headspace analysis to on-line monitoring is a way to 
reduce human interaction with the food (and thereby, 
risk of contamination). But in critical situations, it also 
makes you less dependent on key personnel. The 
benefits of on-line monitoring goes beyond the current 
crisis. It puts you in control and improves your overall 
Quality Control. 

The basic concept of Modified Atmosphere Packaging, 
or MAP, is pretty straightforward. You package your meat 
product in a sealed packet containing a mixture of 
gases. This extends shelf life and makes your product 
look tasty and appetizing to the shopper. Usually this 
means flushing the package with a blend of gases such 
as nitrogen and carbon dioxide - and oxygen in case of 
fresh red meat.

The concept is easy - getting it right can be tricky.

Why Product safety is in sharp focus 
during the COVID-19 crisis



Preservatives-free products, freshness, clear 
information about ingredients and traceability are 
keys to product selection and purchase in retail 
settings.
Consumers are interested in many aspects related to 
the quality of food, such as appearance, freshness, 
taste, nutritional value and food safety.

Different packaging methods
lead to different meat color
Vacuum packaged meat generally has the purplish-
red color of deoxy myoglobin, as a result of the 
removal of oxygen from the package. On the other 
hand, high-oxygen atmosphere packaging or 
overwrapping with oxygen permeable film yields 

Food freshness and appearance
It's all in the eye of the consumer

the bright cherry-red meat color we associate with 
freshness.
Consumers' increasing desire for convenience and 
ease of preparation is creating a trend towards 
smaller servings in a wider choice of meat cuts, well 
presented in packages for retail display.

Perception in the store is reality
Consumers generally buy products packed in 
attractive, hygienic and convenient packages. They 
look for packages that are hermetically sealed, 
pre-price and labeled with a sell by date, clear 
information about ingredients and origin, favoring 
packaging in which the product can be clearly seen.



The trend is clear:
Reduce. Reuse. Recycle.
To meet goals of increased use of sustainable 
packaging, suppliers have been adopting different 
and integrated strategies, facilitated by the 
introduction of new materials and solutions.
Reduce. Reuse. Recycle. Those are the 3 concepts 
summing up the main drivers and challenges for 
packaging professionals.

The common solutions
- Reduce thickness 
- Use of mono-material and functional coatings
- Introduction of new bio-based, bio-sourced
   compostable materials 
- Use of recycled materials
- Paper-based materials, possibly combined with
  other materials and coatings (different sources,
  including plastic)

The introduction of these “new” packaging materials 
has been proven to be effective in protecting 
foodstuff from mechanical strains, but it increases  

the challenges in ensuring barrier properties and 
seal integrity. 

During the packaging process, materials are 
submitted to mechanical and thermal stresses. It 
becomes extremely important to know how the 
packaging material will react, not only immediately 
after the packaging step, but during the entire 
supply chain.
Even if a package is initially hermetic, after a few 
days, weeks or months it can lose its seal integrity 
due to thermal abuse or exposure, humidity, 
or other physical factors like UV, visible light, or 
radiation. Compromised packaging can lead to 
undesired changes in the sensory, nutritional and 
hygienic characteristics of food; thereby leading 
to an unsustainable and uneconomic waste of 
food, materials and resources. In addition, it greatly 
increases the risk of negative brand reputation and 
dangerous food-borne diseases.

The general trend has already affected the meat industry.



Packaging fresh meat such as beef, pork and poultry 
in modified atmosphere packaging (MAP) presents 
an interesting challenge. Many factors must be 
taken into consideration such as discoloration, 
off-flavor and off-odor development, nutrient loss, 
texture changes and microbial growth (including 
pathogenic microorganism). 
In meat packaging, factors influencing shelf life are 
water binding capacity, color, microbial quality, lipid 
stability and palatability.

What is the right color for red meat?
The color of red meat is an established marketing 
attribute, especially for self-service retailing.
Confirmed by countless studies, color is more 
important than any other attribute when consumers 
select meat products.
It is determined by the concentration and 
chemical form of the meat pigment myoglobin, 
the morphology of the muscle structure and the 
muscle's ability to absorb or scatter incident light.

Higher O2 level turns the meat red
The color of fresh meat depends on the relative 
amounts of the 3 pigment derivatives of myoglobin 
present in the surface:
- Reduced myoglobin (Mb) is purple in color and     
  predominates in the absence of oxygen
- Oxymyoglobin  (O2Mb) has a bright red color as   

Why color matters

  a result of oxygen exposure, commonly known as  
  "bloom"
- Metmyoglobin (MetMb) has a brown color 
  resulting from exposure to a low O2 concentration     
  between 0.5-1%.

Major factors affecting red meat color
Three major factors have an impact of red meat 
color:

1. Storage temperature
High temperature increase O2 scavenging by 
respiratory enzymes and other oxygen-consuming 
processes, such as fat oxidation. High temperatures 
also increase the dissociation of O2 from O2Mb. 
Low temperatures promote increased penetration 
of O2 into the meat surface and enhance O2 
solubility in tissue fluids, both which increase the 
depth of O2Mb at the surface of the meat.

2. Oxygen partial pressure
High O2 favors formation of oxymyoglobin, whole 
low O2 favors formation of metmyoglobin.

3. Meat pH
High pH accelerates the respiratory activity of 
meat tissue, resulting in a thin layer of O2Mb; 
muscle fibers swell, reducing O2 diffusion, thereby 
increasing the formation of O2Mb.
Low pH causes denaturation and promotes 
oxidation of myoglobin.

Bacteria cause 
discoloration of meat by  
reducing the O2 tension 

at the meat's surface, 
causing the formation of 

Metmyoglobin

The bright red colour of O2Mb 
is achieved in MAP packaging 
by exposing meat to high O2 
concentrations



What are the most common 
packaging solutions in meat

Increasing consumers’ need for convenience
and ease of preparation has resulted in smaller 
servings of a wide choice of meat cuts, appetizingly 
presented in packs in retail display.
Therefore, meat packaging systems have to offer 
the longest possible shelf life, allowing adequate 
distribution time from the packaging facility to 
display in the store.
During retail shelf life, the meat is influenced by 
physical factors such as temperature, oxygen 
availability, type and intensity of lighting, microbial 
growth and the gas atmosphere surrounding the 
meat surface.

MAP packaging for raw, chilled meat
The continued quality of MAP packed meat 
products during shelf life is influenced by the type 
of gas mixture, headspace, packaging material 
properties and package integrity. Depending on 
the type of meat either a 2-gas headspace mixture 
(N2 and CO2) or 3-gas mixture (O2, CO2 and N2) are 
extensively used for red meat. High O2 MAP may 
contain anywhere from 25-90% O2 and 15-80% CO2, 

though 80% O2 and 20% CO2 is the most common 
gas mixture.

Vacuum skin packaging
Vacuum skin packaging (VSP) is a package in which 
the product acts as the forming mold. Meat portions 
are skin packed in a barrier film material, the top 
layer of which is softened by heat before vacuuming 
and sealing. The soft film molds itself to the shape 
of the meat to give a skin-tight package. Although 
this is an excellent way of presenting the product 
(vertical display on shelves) the meat remains in an 
unoxygenated state, giving it a purplish color, which 
is not always appealing to customers. However, it 
will oxygenate to the customary red color when 
exposed to air. 

The future is happening now
Vacuum packaging or MAP with an inert gaseous 
atmosphere can increase shelf life of a product from 
7 to 21 days, but what if the package leaks? Learn 
more on the next pages.
.

CLICK HERE!
TO SEE OUR GAS MIXERS

Learn how to generate highly accurate gas 
mixtures with high efficiency and reduced costs

https://www.ametekmocon.com/products/gasmixers


What generates leaks?
There are 2 basics types of leaks:
1. Random leaks – the most difficult to predict and 
control.
2. Systematic leaks – if not quickly detected these can 
create a huge amount of damage, returns and waste.
But the good news is that if your Quality Department 
implements a leak detection test in their HACCP 
plan, those can be promptly detected and the root 
cause fixed.

What is the root cause of leaks?
Random leaks can be created by food contamination 
on the sealing areas, a mechanical shock or mishan-
dling during second packaging stages.
Systematic leaks can be related to wrong settings of 
the packaging line, e.g., misalignment between lid 
and tray, overlapping of layers, a defect in the pack-
aging film or laminates or a defect in the package 
machine welding bar, just to mention few.

Leaks!
What, where, why?

The basics: Keep it clean!
There are some simple actions you should make a 
habit of:
- Keep the welding bars perfectly clean
- Properly store and protect the packaging materials
- Check the sealing parameters
- Check the sealing areas
- Avoid foodstuff touching or deposit oil, fat or  
  grease on seal areas
These are just simple actions to prevent the genera-
tion of leaky packages. 

Leak detection strategies
There are several approaches to leak detection:
- Bubble test (waterbath)
- Trace gas (CO2, He, H2)
- Pressure/vacuum decay

9 out of 10 times, leaks 
are located at the seal

CLICK HERE!
TO SEE OUR RANGE OF LEAK DETECTORS

https://www.ametekmocon.com/products/packageleakdetectors


Are all leaks equal?
Does leak size matter?

There are many factors to be considered when 
defining or deciding which leak size is critical.
You need detailed knowledge about the main 
chemical reactions and bacteria profile of your 
product.
What is the kinetics of those reactions, which factors 
accelerate bacterial growth and how will they 
influence the shelf life of your product?
You also need to know and predict the interaction 
between your product, packaging material and 
MAP gases in ambient, chilled and extreme 
temperature conditions.
One of the most common factors affecting shelf 
life is the presence (or absence) of O2. This will 
trigger oxidation and/or discoloration reactions. O2 
presence or absence will also determine the growth 
of different type of bacteria.

You can’t avoid a proper shelf life study 
Conducting a proper shelf life study will help define 
how much O2 the product can tolerate or needs.
Conducting an O2-dependent shelf life study 
(assuming the package has the required barrier 
properties) that correlates leaks and O2 % ingress 
in the headspace of the package is possible by 
creating leaks using a standardized needle of 
known size.

You can also use the Dansensor simulation kit:

A non-destructive O2 headspace analyzer like 
OpTech can monitor the O2 ingress over time. 
This will simulate shelf life, gradually testing 
the mechanical strains on packages during 
transportation and handling.

Other factors that affect shelf life are the size, 
position and shape of the hole, as well as the 
overlap of package layers which can create a weak 
seal. This will affect the speed of O2 ingress and MAP 
gas replacement.

Leak size matters
In addition to leak simulation, best practise  
should include statistics about leak sizes. This 
is possible using a trace gas leak system like 
Dansensor® LeakPointer 3. This is a non-destructive 
CO2 leak detector capable of detecting leaks down 
to 50 micron (the size of a human hair) and has 
integrated data management, enabling it to  
provide a report with full statistics.

A leak of 100 microns (twice the diameter of 
a human hair) can bring the O2 level in your 
package to ambient in less than a week.

A leak of 50 microns can bring the O2 in your 
package to ambient in one or two weeks.

CLICK HERE!
TO DOWNLOAD LEAK SIMULATION KIT PDF

https://www.ametekmocon.com/-/media/ametekmocon/mediapreview/brochures/dansensor-product-brochures/pb-ptps_dansensor-leak-simulation-kit_en_web.pdf?la=en&revision=e26d4990-3b9d-4091-a378-41bd34baff8c


Testing the whole package in terms of seal integ-
rity, leaks and barrier permeation properties has 
become more essential than ever. We must ensure 
the extended shelf life of food achieved by MAP and 
vacuum packaging processes.

Seal integrity
Testing packages in terms of seal integrity is achiev-
able by submitting the package to standardized 
procedures. This will produce valuable data that 
will help you select the right packaging solution. It 
will also produce information to set up the correct 
packaging line sealing parameters in terms of:
- Time-temperature-pressure
- Core test the effectiveness of the introduction of   
   Ultrasound sealing systems

The most common quality norms
There are specific international test norms Quality 
and R&D Managers can use to establish internal pro-
cedures for seal integrity and combined leak tests.  

The importance of testing 
the whole package

Overpackaging is not uncommon. 
However, it is a waste of money and 
resources

The most common standards are:
ASTM F-1140, F-2054, F-2095, F-2096, ISO 11607

After an internal evaluation of the package perfor-
mance in terms of seal integrity, it is important to 
detect and prevent leaking packages from reaching 
customers.

CLICK HERE!
TO SEE OUR BURST-CREEP LEAK TESTERS

https://www.ametekmocon.com/products/packageleakdetectors


The Importance of accurate 
permeability test results

The roasting challenge:
Heat produces highly 
complex components and 
aromas - we are talking 
about more than 800 
different substances

In modified atmosphere packaging (MAP), a key 
factor in the choice of the barrier material is the rate 
at which gases can pass through it – its permeability. 
There is a wide range of barrier materials,  each with 
different permeability properties.

Choosing the right packaging barrier
MAP and VSP for meat require a barrier with 
minimal moisture and gas permeability to maintain 
a constant environment inside the package 
during storage. Reported oxygen permeabilities 
of packaging films are usually measured at 
ambient temperatures and moderate humidities. 
But temperature and humidity can affect the gas 
transmission rates trough films. 
Therefore it is important to know the data on the 
permeability of the packaging barrier – to the 
relevant gases under real storage conditions.

Once a suitable packaging barrier has been 
chosen based on the supplier’s permeability 
data, appropriate MAP gases and the product, it's 
common practice to test if the packaging shelf life 
meets the required specifications.

Permeability testing measures the rate at 
which specific gasses or water vapor pass 
through a given barrier material

Our analyzers provide Oxygen Transmission Rate (OTR) and Water Vapor 
Transmission Rate (WVTR) testing capabilities for a diverse range of 
materials and packages.  MOCON Water Vapor and Oxygen Permeation 
Analyzers offer the highest repeatability and lowest limits of detection for 
OTR and WVTR measurements.  This means better QC of your packaging 
processes and higher confidence in your R&D results.

CLICK HERE!
TO SEE OUR WATER VAPOR AND

OXYGEN PERMEATION ANALYZERS

https://www.ametekmocon.com/products/permeationanalyzers


How to go from Quality Control 
to Quality Assurance

Implementing MAP technology also requires the 
introduction of internal quality control procedures 
to ensure that the desired gas mixture is actually 
present in the headspace of the package. This 
requires testing a certain number of packages (to 
build statistics) based on the packaging line speed 
and other variables.
This is a typical "quality control approach" using a 
headspace analyzer chosen based on its sensor 
accuracy and data handling capability (to ensure 
data traceability).
The alternative to manual testing is to have an on-
line gas analyzer. This is an instrument that keeps 
tabs on the gas mixture and oxygen levels inside 
the packages. The analyzer will alert the operator or 
automatically shut down the line if any parameters 
fall outside the pre-set limits. It gives you full control 
of your process and full traceability by delivering 

production data. It dramatically reduces the need 
for time consuming and waste generating manual 
testing. It also eliminates the human error factor.
Some on-line gas analyzers have a smart ’gas save’ 
function that controls the flow of the gases and 
keeps the residual oxygen at the right level. With 
manual systems, the operator often takes a ‘better 
safe than sorry’ approach and sets the flow rate 
extra high. This is to be certain that all oxygen is 
flushed out. Unfortunately, this consumes 
unnecessary amounts of gas – and money.

And while you need one in-line gas analyzer for 
each packaging line – as opposed to a headspace 
analyzer that can work across lines – there are many 
advantages.

Learn about the benefit of our headspace analyzers to 
ensure quality control.

CLICK HERE!
TO SEE OUR HEADSPACE ANALYZERS

https://www.ametekmocon.com/products/headspacemapgasanalyzers


Our on-line gas analyzers 
gives you the edge

QA

YOU

- Cost savings from reduced gas consumption

- Zero packaging waste

- Minimal labor costs

- An on-line analyzer soon pays for itself

CLICK HERE!
TO SEE OUR GAS MIXERS

Compared to quality control, an on-line gas analyzer is a cost-effective 
solution which minimizes the use of excess packaging gas and reduces the 
need for time-consuming repackaging of products. 
The Dansensor series of on-line gas analyzers are equipped with user-
friendly touch-screen interfaces and offer excellent data-logging and 
traceability options, which make them suitable for:

 – MAP Quality Assurance
 – Control of gas flushing processes
 – Streamlining Modified Atmosphere Packaging processes

How confident are you in your Quality Assurance?

https://www.ametekmocon.com/products/gasmixers


Trend #1
Thermal Pasteurization, 
Irradiation and HHP
For safety assurance, the industry has explored 
several technologies for pathogen reduction within 
a package.
The three that have received the most interest are 
Thermal Pasteurization, Irradiation and HPP.

Thermal Pasteurization
Thermal Pasteurization is suitable for most ready-to-
eat meats, whereas irradiation has been found to be 
the most suitable for fresh meats. 

Irradiation
Meat and meat products are irradiated primarily to
improve the safety of the products by reducing the
potential presence of pathogenic bacteria, as well 
as significantly reducing the populations of spoilage 
bacteria.
Irradiation affects sensory characteristics of fresh meat, 
resulting in off-odors and flavors, depending on:
 - Type of meat
 - Temperature during irradiation
 - Oxygen exposure during and/or
   after the irradiation
 - Packaging
 - Presence of anti-oxidative substances

Color changes occur because of the susceptibility
of the myoglobin molecule, especially protein-
bound iron, to alterations in the chemical 

environment and to energy input.
The shelf life of meats is prolonged by preventing 
lipid oxidation and color changes by utilizing 
irradiation, the right packaging technology
(vacuum or MAP) and occasionally the addition of 
antioxidants.

HPP (High Pressure Processing)
HPP is a popular non-thermal method of food 
preservation. The process involves subjecting the 
food to intense isostatic pressures between 100 and 
600 MPa near room temperature to enhance safety 
and shelf life. It inactivates microbes and viruses, 
while maintaining the fresh food characteristics.
It's well suited for food items with a high water 
content, such as meats. The result is high quality 
foods with extended shelf-life without depending 
on preservatives or added chemicals.
Although the organoleptic and nutritional 
properties of meat are not modified, certain 
macromolecules can change their native structure 
during HPP (>200 MPa). This can affect protein 
solubility and color that leads to a cooked 
appearance in meat.  HPP is not commonly used in 
fresh meats but is commonly used in cooked and 
cured meat applications.

Nine founding companies have worked together with PMMI to create a new industry group, the Cold Pressure Council (CPC), 
to focus on the advancement of high-pressure processing (HPP) within the food and beverage industry.
HPP has been used successfully to “pasteurize” several varieties of foods with a relatively high degree of water content, thus 
extending their shelf life. Examples include avocados, lobster, salsa, lunch meats and even RTE meals.



Active packaging changes the conditions inside the 
packaging over time to extend shelf-life or improve 
safety and sensory properties.
The most prevalent form is oxygen scavenging, 
which removes residual oxygen after MAP or 
vacuum packaging, preventing discoloration.
Moisture absorbers can reduce water activity (aw), 
indirectly affecting microbial growth.
A carbon dioxide generating system is a technique 
similar to oxygen scavenging. It involves a 
combination of an inner VSP with an oxygen 
permeable film, enclosed in a barrier bag with a 
high-oxygen atmosphere (MAP). This makes oxygen 
available at the meat surface, while making carbon 
dioxide available for microbial control.
Antimicrobial packaging is the application of 
antimicrobial compounds in combination with food 
packaging materials. It's been the main subject of 
attention as a potential application for a variety of 
foods, including meat.

Active packaging with a wide spectrum of 
antimicrobials such as chlorine dioxide, silver 
substituted zeolite or triclosan is also an option.
A promising aspect is the incorporation of 
antimicrobials and plant extracts into the packaging 
material and their association with biodegradable 
packaging, which is environmentally friendly and 
reduces waste.

Antioxidant food packaging materials with 
controlled release properties have been developed 
and may have some potential for preventing lipid 
oxidation in muscle foods, which has been linked 
to oxidation of pigments and meat discoloration, as 
well as off-flavor formation in meat - mainly in high-
oxygen packaging.

Trend #2
Active packaging



Intelligent packaging systems can do actual 
monitoring of the condition of packaged foods, 
delivering information about the quality of the 
packaged food during transport and storage.
The use of gas sensors, fluorescence-based oxygen 
sensors and bio-sensors can determine the 
condition of the meat - rapidly and inexpensively.

Time temperature indicator prototypes have been 
successfully used to monitor meat quality. They are 
able to reflect bacterial growth and metabolism.

Nanotechnology and meat packaging
Nanotechnology can ensure effective and efficient 
delivery of a variety of compounds such as flavors, 
colors, nutrients or antimicrobials.
Three basic categories of nanotechnology 
applications and functionalities appear in 
development for food packaging:

Trend #3
Intelligent packaging

1. Enhancement of the plastic material barrier with 
stronger mechanical and thermal performance.

2. Incorporation of active components that can 
deliver functional attributes beyond those of 
conventional active packaging

3. Sensing and signaling information, with nano-
sensors embedded in the packaging.

Some materials are known to have antimicrobial
properties at the nanoscale level. They could  
potentially be applied in ‘active’ packaging materials 
to prevent pathogen growth in fresh produce or 
meat.
This could be a multilayer packaging material 
containing an outer layer of traditional film and a 
trap layer containing a nanoparticle system with a 
microbial inhibitor (such as nisin or silver.)

Intelligent packaging is an extension of the 
communication function of traditional food 
packaging. It communicates information to 
the consumer based on its ability to sense, 
detect, or record changes in the product or its 
environment.



The only thing that is constant is change
In several recently published surveys, it emerges 
that modern consumers appreciate companies 
which commit to sustainability and the reduction 
of food waste. Packaging scientists are developing 
new types of materials – bio-based, compostable, 
with reduced thickness, monolayers with special 
coatings, and many more.
These new materials bring additional challenges 
in terms of barrier properties to O2 and water 
vapor, as well as sealing properties. 

Proven solutions and technology
Ametek Mocon is the leading supplier of gas and 
water vapor permeation equipment, with a wide 

range of solutions to test flat films and laminates.
The tests are performed under 'real life' conditions  
in terms of humidity and temperature.
Visit our website to get in contact with our contact 
with our laboratory and application specialists for 
more information about the importance of testing 
permeation properties of packaging materials.

We'd like to hear from your
At Ametek Mocon, our support, service and 
application teams are available to help teams are 
available to help Production and Quality Managers 
optimize processes, reduce waste, protect your 
brand reputation and save you time and trouble.

Let's meat!

CLICK HERE

MOCON Europe A/S
Rønnedevej 18

4100 Ringsted, Denmark
Tel +45 57 66 00 88 

sales.dk.mocon@ametek.com 
www.ametekmocon.com

MOCON, Inc. USA
7500 Mendelssohn Avenue North

Brooklyn Park, MN 55428, USA
Tel: +1.763.493.6370

info.mocon@ametek.com
www.ametekmocon.com

Team up with the best

https://www.ametekmocon.com/contactus/contactusform



