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Bread
In fresh bakery products (bread, buns, cakes, pastries, 
doughnuts, etc..) water activity (αw) can vary 
between 0.78 - 0.98 and the pH can vary from 4.2-8.7.
 αw and pH are the two factors that have the largest 
influence on bakery products' shelf life. Microbial 
growth is lower in products with low pH and low αw 
values.
NOTE: The water activity of a food describes the 
degree to which water is “bound” in the food, its 
availability to participate in chemical/biochemical 
reactions and its availability to facilitate growth of 
microorganisms. Typically, dryer foods (low αw value) 
have high storage stability, whereas products with 
higher values, such as cake, have a shorter shelf life. 
Source:
https://bakerpedia.com/processes/water-activity/

Why a bread guide?

It is a defining (and vulnerable) moment when your 
packaged product meets the consumer. That is when 
your brand is literally in their hands.
The purpose of this guide is to try and pinpoint the 
most common challenges of the packaging process 
for bakery products.
At AMETEK MOCON, we have been developing, 
selling and servicing precision leak detectors and gas 
measurement instruments for food packaging (MAP) 
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.

Bakery products have various types of grain as 
the main ingredient, often combined with other 
ingredients such as milk, eggs, sugar, butter, and 
cheese. Typically, bakery goods are produced over 
several steps, including mixing the ingredients, 
moulding, proofing, and baking. The last step plays 
an important role in decreasing microbial and 
enzymes activity, thus increasing product stability. 
Most products are stored and distributed at ambient 
conditions, while others which contain perishable 
ingredients, are often chilled or frozen.



Product safety remains the highest priority for food 
producers. High raw material quality, controlled 
production processes (good practices limiting 
contamination), and packaging type and technology 
are the main factors which affect product safety and 
help maintain high nutritional and sensorial profiles 
during the product’s entire shelf life.
The most common factors responsible for bakery 
product deterioration and compromised shelf life are:

Microbial growth
Microbial spoilage is the biggest limiting factor for 
bakery product shelf life. The tendency for microbial 
growth depends on many factors, such as raw materials, 
manufacturing process, addition of preservatives, water 
activity (αw) and pH. 
Despite bakery products being exposed to high 
temperatures during baking, heat resistant bacteria may 
survive, especially if a product’s water activity is high 
and pH neutral.

Bacteria and yeast growth can cause package swelling 
and the production of unpleasant flavours and odors 

while common moulds produce visible white, yellow, or 
blue mycelium. 

Staling 
When bread goes stale it doesn’t simply dry out. Staling 
is a complex process consisting of starch retrogradation. 
The basic cause of staling is the change of starch from 
an amorphous to a crystalline form, which binds 
considerably less with water. This change leads to a 
rapid hardening of the starch granules, resulting in a dry 
and crumbly product.
Breads containing lower levels of moisture or stored in 
cool (above freezing) temperatures generally go stale 
faster. 

Moisture Loss/Gain 
Packaging has a major influence on whether or not a 
bakery product will gain or lose moisture during 
storage. The difference between the water activity (αw) 
of the product and the relative humidity of the ambient 
atmosphere is the primary determinant in moisture loss 
or gain. However, the selection of the right packaging 
material and its water vapour barrier properties can help 
avoid water loss/gain over the shelf life of the product. 

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

The use of preservatives like propionic acid and its salts can inhibit the development of moulds in bread (sorbic 
acid and its salts are often used in cakes), BUT the trend towards the addition of preservatives free food is driving 
the extensive use of modified atmosphere packaging



Bread and the importance of CO2

Learn about the benefit of our gas mixers to produce 
the correct MAP blend and extend the shelf life of all the 
different types of cheese you produce.

CLICK HERE!
TO SEE OUR GAS MIXERS

Most of the mentioned problems affecting bakery 
products shelf life can be alleviated by the proper 
application of MAP packaging technology.
Bakery products characterized by high aw and 
moisture content are frequently packaged with 
a high CO2 concentration, minimizing residual O2 
levels. 
CO2 has a well documented antimicrobial effect. 
To enhance its effectiveness, it is good practise 
to actively remove O2 from the package, either 
through gas flushing or active packaging (O2 
scavengers).

The O2 % should be minimized, especially for those 
products which cannot be packed in a high CO2% 
(for example, products with cream which can 
undergo acidification due to CO2 absorption).

In addition, the positive effect of high CO2 in 
lowering the staling rate of bakery products has 
been documented in several studies. Usually this 
means flushing most of the oxygen out of the 
package with a blend of gases such as nitrogen and 
carbon dioxide. 
The concept is simple, but getting it right can be 
tricky.

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


The benefit of online gas analyzing

Implementing MAP technology requires the 
introduction of internal quality control procedures 
to ensure that the desired gas mixture (CO2 -N2) is 
actually present in the headspace of the package, 
and the residual O2 is minimized. 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" which 
uses a headspace analyser chosen based on its 
sensor accuracy and data handling capability (to 
ensure data traceability).
The alternative to manual testing is to use an 
on-line gas analyzer. This is an instrument that 
monitors the gas mixture and oxygen levels inside 
every package. The analyzer alerts the operator 
or automatically stops the packaging 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.

It is very difficult to minimize the O2 content in 
packages containing bakery products, due to the 
product’s natural porosity. The product entraps O2 
which is released into the package’s headspace 
during storage.

Save gas during the MAP flushing process
Over flushing won’t help you avoid the release of O2 
from porous products into the package headspace. 
It will only increase CO2 in the production 
environment! We  recommend that you use an on-
line gas analyzer to automatically and continuously 
monitor O2 levels and the gas flow in the packaging 
machine.
On-line monitoring puts you in control, making you 
less dependent on key personnel and improving 
your overall Quality Control.

Learn about the benefit of our on-line gas analyzers to produce the correct 
MAP blend and extend the shelf life of all the different types of bread you 
produce.

CLICK HERE!
TO SEE OUR ON-LINE GAS ANALYZERS



Product

Sliced bread

Sliced bread

Soy bread

Sponge cake
analog

Pre-baked
pizza crust

Regular
wheat bread

Muffin

Partially-baked 
Sangak bread

Cheesecake

Crusty roll

Wheat bread,
Rye bread

Apple turnover,
Cherry topping

Product
characteristics

αw of 0.92,
pH of 5.4–6.0

Crumb αw of
0.96, pH of 6.1

αw of 9.0, pH of 6.0

With or without 0.3% 
calcium propionate

=24% moisture
content

52% moisture
content

αw aw of 0.93

αw of 9.0, pH of 5.6

Highly perishable αw 
of 94

Package condition

60 µm PVDC-layered 
poyfin bag

750 µm expanded
PET/EVOH/PE
tray sealed with 77
um PA/PE film

140 µm LLDPE/nylon 
EVOH LLDPE pouch

90 µm PA/PE bag

21 µm OPP film bag

550 µm PP bag covered 
by 44 µm PET/CPP film

550 µm PP bag covered 
by 44 µm PET/CPP 
film100 µm PA/PE film 

100 µm  PÅ/PE film bag

EVOH/PS/PE tray closed 
with 54 µm EVOH/OPET/
PE film

PE-coated nylon
film pouch

OPP/LDPE/EvOH/LDPE 
film bag; G/P ratio >3.0

90 µm PE-coated nylon 
film bag

Tried or optimum
atmosphere and
storage temperature

50% CO2/50% N2 at 
15-20º C

100% CO2 at 20ºC

20-50% CO2/50-
80% N2 at 21º C

100% CO2 at 25º C

100% CO2 at 25º C

16% CO2/84% N2 in
dark at ambient
temperature

98% CO2/2% N2
in dark at ambient
temperature

100% CO2 at 25º C

30% CO2/70% N2
at 20º C

60% CO2/40% N2
at 25º C; with oxygen 
absorber

100% CO2 at 25º C;
rth O2 scavenger and
mustard essential oil

60% CO2/40% N2 at 25º C

Benefits or impacts

Reduced growth of
yeasts/molds

Reduced microbial growth 
of aerobic bacteria and 
yeasts/molds

Reduced microbial growth 
of aerobic bacteria and 
yeasts/molds

Inhibition of mold growth

Reduced microbial growth

Highly maintained
polyunsaturated fatty
acids; delayed staling

Desirable physical
properties with maximal
porosity and springiness
with minimal firmness

Reduced microbial growth;
no significant difference
in color and firmness

Reduced microbial
growth

Extension of mold-free
shelf life

Reduced mold growth

Reduced yeast growth
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Preservative-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.
The application of MAP technology is proven to 
be very effective in prolonging shelf life, even 
when minimizing or eliminating the addition 
of preservatives.  Active packaging, such as the 
aforementioned O2 scavengers, and processing aids 
(EXAMPLE?) can also be combined with MAP to 
prolong shelf life. 
There are also established treatments with UV light, 
infrared irradiation, high pressure treatments, and 
ionizing radiation for prolonging shelf life. 
In the bakery sector, the addition of ethanol is also 
an established practice.
Ethanol is a very effective antifungal agent and, as 
such, has the potential to extend the shelf life of 
bakery products. In addition to inhibiting mould 
growth, ethanol also has an effect in slowing the 
rate of staling of both bread and cake. Ethanol 
is mainly spayed or injected into the package 
immediately prior to sealing, or it can be added 

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

using sachets containing powdered silica gel, onto 
which food grade ethanol has been absorbed. The 
sachet allows the slow release of alcohol vapor 
which exerts the preservative effect.  Depending 
of the product, typical treatments with 0.5 % - 1% 
(by product weight) of food grade ethanol at 95% 
can be effective in extending shelf life, BUT the 
development of off-odours and flavours are possible 
and can be associated with a poor quality product 
by consumers.
Note: The presence of alcohol can have a negative 
effect on the sensory profile of the product. In 
addition, it can also interfere with some types of 
O2 sensors typically used in quality control and 
assurance gas analyzers.  When choosing the right 
equipment, keep in mind the cross-sensitivity of 
alcohol with O2 sensors and pick the right solution, 
while considering the accuracy and repeatability 
you wish to achieve.
To see our range of headspace MAP gas analyzers 
click here!
The range of shelf life extension will vary according 
to the type of product, tightness of the use of MAP 
technology, type of packaging material and seal 
integrity. 



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 food industry.



Testing the whole package in terms of seal integrity, 
leaks and barrier permeation properties has become 
more essential than ever. We must ensure the 
extended shelf life of food achieved by MAP can 
be met. Package type and package integrity have a 
major influence on whether a bakery product will 
be expose to high O2, gain or lose moisture during 
storage, or lose the intentionally added gas mixture 
(CO2 + N2). The selection of a packaging material 
with the appropriate barrier properties to specific 
gases and water vapour is key, as is ensuring seals 
are tight and leak-free.

Seal integrity
Testing packages in terms of seal integrity 
is achievable 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
- Effectiveness of different sealing systems

The importance of testing 
the whole package

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

The most common quality norms
There are specific international test norms that 
Quality and R&D Managers can use to establish 
internal pro-cedures for seal integrity and combined 
leak tests.
The most common standards are:
ASTM F-1140, F-2054, F-2095, F-2096, ISO 11607
After an internal evaluation of the package's 
performance in terms of seal integrity, it is important 
to detect and prevent leaking packages from 
reaching customers.



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 
mishandling during second packaging stages.
Systematic leaks are usually related to incorrect 
settings on the packaging line, e.g., misalignment 
between lid and tray, overlapping of layers, a defect 
in the packaging 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 
generation 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


Does leak size matter?
Are all leaks equal?

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


Let's meet and talk bread

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

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 you
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.

Team up with the best

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



