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Modified Atmosphere Packaging (MAP) Introduction

Modified Atmosphere Packaging, or MAP as it is commonly referred to within the industry is a
technique used to extend and prolong the shelf life of fresh products, including fruit, vegetables, and
meat.

Modified Atmosphere Packaging has been around for over one hundred years. The first record dates
back to 1821 in Montpellier, France. Professor Etinne Berard of the School of Pharmacy reported
successfully extending the shelf life of fruit by delaying the ripening process. This was achieved by
storing the fruit in low oxygen conditions. Whilst there are a variety of packaging techniques, they
all aim to serve the same purpose — to extend the shelf life of food.

MAP Methods

There are two types of Modified Atmosphere Packaging. Active and Passive. The US Federal Drug
Administration (FDA) defines active MAP as “the displacement of gases in the package, which is then
replaced by a desired mixture of gases.” This differs from passive modified atmosphere packaging
where “the product is packaged using a selective film type, and the desired atmosphere develops
naturally because of the products’ respiration and the diffusion of gases through the film.

The mixture of gases that are used in Modified Atmosphere Packaging vary depending on the
product itself, refer to Figure 1. The main gases used are Nitrogen, Oxygen and Carbon Dioxide.

Nitrogen (Nz)

Nitrogen is used in Modified Atmosphere Packaging in a process called gas flushing. It is used
because it is inert, has no smell or taste. It is also easy to obtain and takes a long period of time to
escape through the plastic film commonly used on food packaging. Gas flushing describes the
process of reducing the amount of oxygen that surrounds the product in the package. Nitrogen, or
another gas which is denser than oxygen is used to push out the oxygen within the packaging. This is
important as oxygen can speed up the decaying process of foods.

Oxygen (02)

Oxygen is usually removed from food packaging to extend the shelf life of a product. However,
there are a few circumstances where oxygen levels are increased to preserve the product. Due to
being odourless and tasteless, it is used with red meat to maintain the bright red colour. Otherwise,
the meat would become pale and unappetising to the consumer. Heightened levels of oxygen also
prevent the growth of anaerobic organisms.
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Carbon Dioxide (CO;)

Carbon Dioxide is a colourless, odourless, and tasteless gas that makes it perfect for Modified
Atmosphere Packaging applications. As a rule, the higher the concentration of CO; used in the
packaging, the longer the shelf life of the product. However, too much Carbon Dioxide gas can alter
the flavour of the food, giving a sour taste. Additionally, as the gas is absorbed by the product, and
escapes from the packaging over time, the packaging can collapse. As a result, CO; is commonly
used with other supporting gases to reduce the issues previously mentioned. Overall, a minimum
level of 20% CO, is recommended as this keeps bacteria and mould growth to a minimum.

Fresh Whole and Prepared Fruit and Vegetables
Carbonated Soft Drinks

Dried Food eg Coffee and Milkpowder

Bakery Products

Ready Meals

Shellfish, Crusteaceans and Molluscs

Raw Poultry and Game

Raw Red Meat
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

02 mCO2 mN2

Figure 1. Table showing MPA gas composition for various foods

Modified Atmospheric Packaging Safety

The general opinion is that Modified Atmosphere Packaging is safe. It is a technique that contains
no chemicals — only gases, most of which are typically found in the atmosphere. However, MAP is
not a fail-safe process. The technique merely delays the decaying process of foods, but it does not
stop it. For this reason, it is critical that testing is conducted on the packaging to ensure the correct
gas levels are present.

The altered levels of gas minimise the activities of spoilage organisms that would typically give off
warning signs that food had begun to decompose. As a result, bacteria such as clostridia can cause
food poisoning before spoilage begins to occur. Additionally, reduction in oxygen levels within the
packaging may lead to the growth of pathogens since food is stored for a longer period.

Advantages of Modified Atmosphere Packaging
MAP has several advantages, both to the consumer, as well as to others in the supply chain. Itis
believed that food products that are packaged using MAP have a shelf life which is 50-500% longer
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than if they had not been packed with this technology. This is done without the need for chemical
preservatives.

The extended shelf benefits the supplier of the product also, as there is a reduction in economic
losses. As food takes longer to spoil, it is more likely to be sold. This has a knock-on effect, reducing
waste, which is a positive for the environment.

The distribution chain also benefits from Modified Atmosphere Packaging, as longer shelf life of
products means more products can be shipped at a time, and can be transported longer distances,
resulting in fewer deliveries required.

Disadvantages of Modified Atmosphere Packaging

MAP is a highly technical technique and therefore, specialised equipment is required, as well as
training for the staff on the production line. Additionally, there is the cost for gases and packaging
materials to consider. As highlighted in table 1, different food types require different gas
formulations and MAP is not a one type fits all process. This means that production lines must
spend time changing the configuration of the gases before a new product can be packaged.

Furthermore, some experts believe that MAP poses risks to the consumer of the product due to the
lack of indicators that food has spoiled as mentioned previously in this paper.

Testing Gas Levels
Testing gas levels within Modified Atmosphere Packaging is important to ensure quality and safety is
maintained. This is done in two ways, production line monitoring and batch testing.

Production line monitoring is a process where the composition of gas is checked before the
packaging is sealed. This is non-destructive to the packaging, and should an error be highlighted, the
machine can be programmed to alert the operator and the line can be stopped immediately. Many
of these machines can supply the gas and measure at almost the same time. This is beneficial as it
gives a true picture of the gas composition.

Batch testing is another method for checking MAP, which should be used in conjunction with
production line monitoring to ensure the best quality is achieved. Batch testing involves selecting a
small number of sealed packages, usually around 5-10 consecutive in the product line. These are
selected on a regular basis, commonly every 20-30 minutes. A gas analyser, containing a hollow
needle is then inserted through the film of the Modified Atmosphere Packaging using a septum to
protect the packaging. A small sample of the gas is then extracted, and the composition of the gases
are then checked.
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Gas Analyser
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Figure 2. Diagram of MAP Testing

MAP Requirements

When monitoring the levels of CO; (or any other gas) used in Modified Atmosphere Packaging, it is
crucial to obtain a reading as quickly as possible. Delays in acquiring a reading mean either an
increased number of product packages with incorrect gas levels, or the production line is run slower
to match the measurement rate capability.

Advantages of GSS Sensors

Many Modified Atmosphere Packaging applications require a CO; sensor that is capable of high-
speed Carbon Dioxide readings.

The SprintIR range of CO, Sensors are built on unique, patented LED technology and optical designs
that enable best-in-class speed, power consumption and durability.

The SprintIR-R CO; sensor can capture 50 readings per second, with a 70ppm typical accuracy,
making it one of the fastest CO; sensors on the market. As with all sensors in the SprintIR range, the
SprintIR-R is ideally suited for MAP applications where CO; levels are likely to change rapidly.

The SprintIR-R also comes with a flow adapter as standard. Flow rate is critical to the response time
of a sensor, including the SprintIR-R. To obtain a good measurement, the old gas needs to be
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flushed out, and the new gas processed by the sensor. The graph below shows how the speed of the
response time in relation to the flow rate.

Response vs flow rate
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Figure 3: Response Time Graph (2 second gas pulse)
Conclusion

Modified Atmosphere Packaging is a complex technique used to extend the shelf life of fresh
products such as fruit, vegetables, meat, and baked goods. For MAP to be both effective and safe, it
is imperative that levels of CO; and other gases are monitored correctly.

One of the key issues found when measuring gas levels is the response time of the sensor being
used. Long response times can mean errors are not identified quickly enough, resulting in financial
losses and damage to the reputation of the supplier.

Gas Sensing Solutions offer a range of high-speed CO; sensors in the SprintIR range that can take up
to 50 readings per second, well matched to MAP applications.

For more information about Gas Sensing Solutions and the SprintIR- range of CO; sensors, please
visit https://www.gassensing.co.uk/products/products/Sprint|R---R--CO2-Sensor

IMPORTANT NOTICE

Gas Sensing Solutions Ltd. (GSS) products and services are sold subject to GSS’s terms and conditions of sale,
delivery and payment supplied at the time of order acknowledgement. GSS warrants performance of its
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products to the specifications in effect at the date of shipment. . GSS reserves the right to make changes to its
products and specifications or to discontinue any product or service without notice.

Customers should therefore obtain the latest version of relevant information from GSS to verify that the
information is current. Testing and other quality control techniques are utilised to the extent GSS deems
necessary to support its warranty. Specific testing of all parameters of each device is not necessarily
performed unless required by law or regulation. In order to minimise risks associated with customer
applications, the customer must use adequate design and operating safeguards to minimise inherent or
procedural hazards. GSS is not liable for applications assistance or customer product design. The customer is
solely responsible for its selection and use of GSS products. GSS is not liable for such selection or use nor for
use of any circuitry other than circuitry entirely embodied in a GSS product.

GSS products are not intended for use in life support systems, appliances, nuclear systems, or systems where
malfunction can reasonably be expected to result in personal injury, death or severe property or
environmental damage. Any use of products by the customer for such purposes is at the customer’s own risk.

GSS does not grant any licence (express or implied) under any patent right, copyright, mask work right or other
intellectual property right of GSS covering or relating to any combination, machine, or process in which its
products or services might be or are used. Any provision or publication of any third party’s products or
services does not constitute GSS’s approval, licence, warranty, or endorsement thereof. Any third party trade-
marks contained in this document belong to the respective third-party owner.

Reproduction of information from GSS datasheets is permissible only if reproduction is without alteration and
is accompanied by all associated copyright, proprietary and other notices (including this notice) and
conditions. GSS is not liable for any unauthorised alteration of such information or for any reliance placed
thereon.

Any representations made, warranties given, and/or liabilities accepted by any person which differ from those
contained in this datasheet or in GSS’s standard terms and conditions of sale, delivery and payment are made,
given and/or accepted at that person’s own risk. GSS is not liable for any such representations, warranties, or
liabilities or for any reliance placed thereon by any person.

ADDRESS

Gas Sensing Solutions Ltd.
60-62 Grayshill Road
Westfield Industrial Estate
Cumbernauld

G68 9HQ

United Kingdom
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