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Abstract   

Modified atmosphere packaging is a reliable and very useful technique to preserve foods for a 

long period of time. The composition of gases used to create modified atmosphere greatly 

depends upon the nature of product. Some fresh foods may not give desired results in atmosphere 

generated around it. The packaging strategies and way of delivery to consumer should be 

improved. The increase in moisture contents prevents shrivelling but it enhances spoilage .The 

perishable commodities that are inspired like fruits or vegetables have low shelf life, after which 

they become spoiled and not able to consume. So there is need to enhance their shelf life and 

preserve them in their natural and fresh conditions by some other means like packaging and 

films. The packaging and films get more attentions regarding to that aspect in current times 

because of their importance and power of increasing shelf life of such things. Now a day‟s 

consumer‟s demand also increased for high quality food with longer shelf life in their original 

state. Edible coatings used in past years for food protection also seen in growing years. The 

review elaborates the ample introduction of edible coatings and films, their characteristics, 

production methods and applications in food industries.   



 

INTRODUCTION  

Modified atmosphere packaging or MAP is modified atmospheric conditions of packaging that 

leads towards increase in shelf life of fresh fruits and vegetables. In this packaging technique the 

atmosphere created has low in oxygen level and high in carbon dioxide. It influences the product 

metabolic activities and retards the growth of microorganisms to enhance shelf life of packed 

product. The main cause of food deterioration is the relationship between oxygen and food that 

results the aerobic growth of microorganisms and chemical oxidation.  Shelf life of food can be 

enhanced by lowering the atmosphere temperature up to chill the goods but the most reliable 

method is to reduce oxygen application around the food. The retardation in oxygen level and 

other modifications in atmosphere are possible by technique, modified atmosphere packaging.  

In MAP the air of pack is modified by a gas or mixture of gases that depends upon the 

composition of food. The spread of gases in to and out of the pack need no further controls it 

regulates with time and affects the microbial activities and product [Church, 1994]. The 

modification in oxygen and carbon dioxide level works automatically for some products and it is 

desirable.  Moisture also retains in MAP that affects the food quality. The packaging separates 

the product from external environment influences and contaminations. MAP controls the 

enzymatic, biochemical and microbial activities by creating vacuum around the food, gas 

flushing and permeability of pack. It preserves the food in its original state without chemical 

treatments of temperature fluctuations as in canning, dehydration and freezing processes.  

The normal configuration of air is 78% nitrogen, 21% oxygen and 0.1% carbon dioxide. Thus 

shelf life of product enhances by reducing the oxygen level and increasing the nitrogen and 

carbon dioxide contents. It is first used in apple fruit to decrease its ripening by lowering oxygen 

level. There are some drawbacks of MAP also observed as it produces unpleasant effects like 

fermentation and off flavors produced on lowering oxygen level [Kays, 1997]. Similarly carbon 

dioxide causes injury as its level beyond the limits in many vegetables and fruits [Kader, 1997a; 

Kupferman, 1997; Richardson and Kupferman, 1997; Saltveit, 1997; Beaudry 1999, 2000], 

processed commodities [Gorny, 1997] and in ornamentals and flowers [Reid, 1997]. The shelf 

life of fresh foods like fish, meat, poultry, vegetables and fruits is limited due to chemical 



reactions and microbial activities that influence quality of product by changing odor, taste, 

texture and flavor. So MAP has solution of all these problems and considerably enhances the 

shelf life of food.   

 

HISTORY  

MAP was first introduced in 1927 to extend the shelf life of apples by reducing their ripening in 

an atmosphere having high in carbon dioxide contents and reduced oxygen level. In 1930s the 

technique is used in transportation of fruits and beef shells by enhancing carbon dioxide contents 

with 100% shelf life [Davies, 1995]. In Europe the MAP was not used at commercial level to 

pack foods until early 1970s. In 1979 Spenser and Marks introduced MAP meat in UK that leads 

to introduce MAP in fish, bacon, meat and shellfish. Then there is increase in MAP foods and 

products on consumer demands and many supermarket and food manufactures followed this 

technique. MAP is now used everywhere on wide range of fresh and chilled foods like bakery 

products, tea, coffee, meat, fruits and vegetables.  

 

MAP COMPOSITION  

The basic concept of MAP is the replacement of atmosphere that surrounds the food with the 

mixture of gases in different proportion. MAP is composed of gases and the mixture of gases as 

described below.  

Gases used in MAP  

Dry air has following gases composition at sea level [Parry, 1993].  

Nitrogen (N2) 78.03%, Oxygen (O2) 21%, Argon (Ar) 0.94%, Carbon dioxide (CO2) 0.03% and  

Hydrogen (H2) 0.01%  



Oxygen   

It stimulates the spread of aerobic bacteria while retarding the anaerobic growth. The presence of 

oxygen retains the quality of food and makes it fresh like in meat the bright red color is 

maintained that counts as the degree of freshness.  

Carbon dioxide 

It is the main anti-microbial content in MAP but requires more factors to work properly. The 

validity of carbon dioxide greatly depends upon the storage temperature, amount of gas and 

microorganisms present inside the product. It is a good option in MAP applications depending 

upon nature of product.    

Nitrogen 

In MAP nitrogen is used as alternate of oxygen to retard the growth of aerobic organisms that 

cause rancidity and other spoilages. It is known as filter gas in MAP to prevent pack collapse due 

to its low solubility in lipid and water.   

Mixture of gases used in MAP  

As the knowledge about MAP increases the use of modified atmosphere in different frequency 

observed that ensures the desired results. In a given table 1, the most common foods and their 

MAP conditions described.  

Table 1  

White Fish                                           30% O2  40% CO2  30% N2  

Poultry                                                 10% O2  70% CO2  20% N2 

Fresh meat                                          30% O2  30% CO2  40% N2 

Fruit / vegetables                                 5%O2 8%CO2  87% N2 

Fatty Fish                                               -   50% CO2  50% N2 

Bacon                                                     -    30% CO2  70% N2 



Cooked poultry                                       -   30% CO2  70% N2 

Cured meat                                            -   35% CO2   65% N2 

Pasta (with meat)                                   -   75% CO2  25% N2 

Cheese                                                   -   70% CO2  30% N2 

Bakery                                                    -   20% CO2   80% N2 

Pasta                                                      -    -   100% N2 

There are following three gas mixtures used in MAP [Goodburn and Halligan, 1988].  

1.Semi reactive blanketing   CO2/ N2 or O2/ N2/ CO2   

2.Fully reactive blanketing   CO2 or CO2/ O2   

3.Inert blanketing    N2  

Packaging Material  

There are following six characteristics that packaging material holds,  

1. Oxygen permeability  

2. Carbon dioxide absorbance  

3. Sealing consistency  

4. Resistance to rupture  

5. Moisture diffusion rate  

6. Antifogging nature  

Moreover there are following four polymers commonly used in MAP,  

1. Polypropylene (PP)  

2. Polyvinyl chloride (PVC)  

3. Polyethylene terephthalate (PET)  

4. Polyethylene (PE)  

APPROACHES IN MAP  



PACKAGE PARAMETERS  

In MAP to modify atmosphere there is need of such plant tissues that respires and a barrier that 

limits the movement of gases. It increases the carbon dioxide concentration and reduces oxygen 

that creates a gradient for the movement of gases across the film barrier in and out of the 

package. The relationship between packaging film permeability and product respiration decides 

the levels of carbon dioxide and oxygen within a package [Beaudry et al., 1992; Kader et al., 

1997a]. There are two approaches to develop film barriers.   

1.Continuous films  

It controls the movement of carbon dioxide and oxygen across the package. The difference in gas 

concentration across film is directly proportion to the exchange of these gases. The equilibrium 

established when uptake of oxygen and production of carbon dioxide becomes equal to film 

saturation. It is only possible when the rate of respiration becomes constant. In these films the 

diffusion rate of carbon dioxide is 2 to 8 times higher than oxygen permeation. The carbon 

dioxide movement is much lower than oxygen when the uptake of oxygen and production of 

carbon dioxide becomes equal. For instance, the permeability of carbon dioxide is 4 times that of 

oxygen in low density polyethylene (LDPE). In LDPE package the level of oxygen is 10% in 

constant atmosphere while carbon dioxide is 2.75%.  

2.Perforated films  

It acts as primary way of gas exchange by using small pores in it. The gas diffusion through 

perforation and gas movement through film combines to calculate the rate of gas movement in a 

perforated film. The movement of gas through film is lower than the flow of gas in pores. The 

flow of gases by microspores has been modeled [Fishman et al, 1996]. The rate of gas exchange 

is much higher in perforated film than continuous films so it is better to use perforated films. In 

this film the diffusion rate of carbon dioxide is 0.77 times that of oxygen, so the increase in 

carbon dioxide level is nearly equal to the decrease in oxygen rate and equilibrium established. In 

this condition the partial pressure of carbon dioxide and oxygen becomes 18 to 20 %. If the 

package has 10 % oxygen in constant air then the carbon dioxide permeation is 8.8%. In package 

designing the increase in carbon dioxide concentration is very important.  



The main difference between continuous and perforated films is the relative diffusion of carbon 

dioxide and oxygen.  

RESPIRATORY PARAMETERS  

The increase in temperature from 0 to 15
0
 C gives 4 to 6 times high rate of respiration for many 

vegetables and fruits [Beaudry et al., 1992; Cameron et al., 1994, 1995; Lakakul et al., 1999]. It 

shows that with the increase in temperature the rate of pores permeability extended thirty times 

while rate of LDPE permeability increases two or three folds. When temperature increases and 

the oxygen demand exceeds to oxygen exchange, it leads towards decline in product quality. It is 

a drawback of MAP in some circumstances. The better package design needs optimum level of 

carbon dioxide and oxygen. The gathering of acetaldehyde and ethanol and start of fermentation 

decreases oxygen level [Beaudry et al., 1992]. Fermentation causes off flavors and tissue 

damages in packaging of product. The lower limit of oxygen greatly depends upon temperature 

fluctuation. It differs in range from 0.15% to 5% in cultivar and commodity [Beaudry and Gran, 

1993].  

MAP depends upon the association of both permeation and perforation and the concentration of 

carbon dioxide and oxygen between packages and their diffusion [Beaudry, 1999; 

Mannapperuma et al., 1989]. In continuous packaging and perforated packaging the temperature 

sensitivity and exchange of carbon dioxide and oxygen have same effects. The most critical point 

between continuous and perforated packaging is the response to temperature changes. The 

diffusion of gases is independent to temperature fluctuation while the exchange of carbon 

dioxide and oxygen greatly depend on it in both films. For example, the increase in temperature 

from 0 to 15
0
C increases 200% oxygen movement through LDPE but temperature affects 

enhance only 11% oxygen exchange in perforated films.  

It is necessary to check the function of package. There are many useful methods from which the 

count of temperature effects on oxygen levels has prime significance. A safe radius is the 

measurement between center of package to the air and it is calculated by the rate of heat removal 

and heat respiration [Sharp et al, 1993]. For instance, a package can be designed to preserve 100g 

apple slices at 0
0
C in the presence of high carbon dioxide and low oxygen [Lakakul et al., 1999]. 

In perforated film packages the exchange of gas decreases oxygen level at 6
0
C. The risk of 



fermentation decreases with the increase in temperature. In such cases the packages are designed 

in such a way that aerobic oxygen maintains at 15
0
C which is the maximum temperature.   

Another way to depict packages performance is the treatment of low temperature during storage. 

The package criteria can also be predicted by package oxygen model. The composition and film 

thickness are the main factors used to prevent fermentation hazards. Such as the 100g apple 

slices in a container having area of 120 cm
2
.   

Micro porous films can be developed by mixing inert inorganic material like Ca CO
3
 and SiO

2
 

with plastic polymers. The exchange of gases can be described by particle size of filler, filler 

contents and extent of extending. The average aperture size of films varies from 0.14 to 1.4 μm 

[Mizutani, 1989]. The diameter of micro pores mostly varies from 40 to 200 μm and the gas 

permeability can be changed through modification in thickness and size of pores. The shelf life 

of strawberries and nectarines [Meyers, 1985], parsnips, leeks, asparagus, cherry tomatoes and 

sweet corn [Geeson, 1988] and apple [Watkins et al., 1988] can be increases significantly 

through perforated films.  

MACHINE SYSTEMS FOR MAP  

The selection of appropriate equipment is the key factor in MAP. There are following two ways 

to modify atmosphere.  

 

 

1.Gas flushing  

It is a technique in which a constant gas stream is used to replace air of package. The gas steam 

dilutes the atmosphere of food product. Then the package is sealed for a time. The performance 

of this step is limited although the inside air is replaced through dilution. Generally in gas flushes 

the oxygen level is 2 to 5 %. This technique is not used for oxygen sensitive food packaging and 

check the food responses to oxygen prior of usage. The major advantage of gas flush is time 

saving due to high speed of machine.  



2.Compensated vacuum  

In this technique a vacuum is created inside the package and then it is modified by desired 

mixture of gases. It is possible in two step procedure, the gas flush method is faster than the 

speed of action of equipment. The air is removed and vacuum created that increase its 

performance. This technique is particularly used for those foods that are sensitive to oxygen.  

METHODS OF GENERATING MODIFIED ATMOSPHERE CONDITIONS  

There are two ways to modify atmosphere by passive modifications or active packaging [Kader 

et al, 1989; Zagory and Kader, 1988].  

1.Passive modified atmosphere  

The consumption of oxygen and production of carbon dioxide within sealed package may occur 

passively. The passive modified atmosphere can be achieved when the respiration rate is 

equilibrium to permeability values. It is possible when the rate of carbon dioxide and oxygen 

transmission becomes equal to product respiration rate.  

2.Active packaging  

It is a better way to create modified atmosphere than passive modifications. In this technique a 

vacuum is generated inside the package and existing air is replaced by required gas mixtures like 

Co2, N2 and O2. More over the use of CO2, O2 and ethylene emitters also practiced. These 

emitters have abilities to generate quick equilibrium atmosphere inside the sealed product 

packages.  

ADVANTAGES AND DISADVANTAGES   

As there are many advantages of MAP in food processing industries, also have some drawbacks.  

Advantages of MAP  

• It enhances the shelf life of perishable foods.  

• It reduces the microbial effects and aerobic growth of microorganisms.  

• It decreases the market waste.  

• It prevents from chemical preservations.  



• It retains the original quality of food and makes it more charming.  

• It reduces the storage costs and production expenditures.  

• It maintains the texture, flavor and taste of food.  

• It helps in storage of food products for a long period of time.  

 

 

Disadvantages of MAP  

• Heavy cost of gas packaging machinery  

• If there is leakage or open the pack the MAP purpose lost.  

• High expenses of gases and packaging material  

• Cost of analysis that used to calculate gas mixtures compositions  

• Cost of quality control systems to avoid from leakage  

• Some time off flavors are produced due to MAP  

• There may be potential growth of food borne pathogens occur  

 

 

APPLICATIONS  

The most valuable application of MAP is in the process of preserving quality and storage of fresh 

foods [M. García-Esteban, 2004; A. Lagerstedt, 2011], fruits and vegetables [E. Pesis et al, 2000; 

R. Pora, 2004], sea foods [A. Amanatidou, 2000; G. Choubert, 2006] and other generic foods [V. 

Rodov, 2000; M. Dermiki, 2008]. MAP helps in extension of shelf life of many processed 

commodities. It decreases the availability of oxygen to microbes so their growth retards and 

product store for a long period of time. It also reduces all metabolic activities and respiration rate 

in the packaging. It results in impeding ripening and senescence that seen in the form of 

inhibition of discoloration, delayed softening and chlorophyll retention. The atmosphere of 

packaging is modified by different composition of oxygen, carbon dioxide and nitrogen depends 

upon the need of consumer and manufacture. Now the uses of other inert gases like carbon 



monoxide [L. Martínez, 2005; B. H. P. Wilkinson, 2006; R. A. Wicklund et al, 2006], nitric 

oxide [T. Jiang] and nitrous oxide [X. Palomer, 2005; P. Rocculi, 2005] limits but still used as 

part of modified atmosphere gases.  

It makes the product in original state and good looking for consumer. It also reduces the moisture 

losses from the product being packed. The respiration continues in fresh vegetables and fruits 

although they are separated from parental sources. The rate of respiration calculated by observing 

reduction in oxygen contents or increase in the amount of carbon dioxide, higher the respiration 

rate lower will be the shelf life. The major application of MAP associated with increase in shelf 

life by reducing respiration rate.  

 

CONCLUSION  

Modified atmosphere packaging is a reliable and very useful technique to preserve foods for a 

long period of time. The composition of gases used to create modified atmosphere greatly 

depends upon the nature of product. Some fresh foods may not give desired results in atmosphere 

generated around it. The packaging strategies and way of delivery to consumer should be 

improved. The increase in moisture contents prevents shriveling but it enhances spoilage. 

Another prime important issue is temperature control that has more applications than MAP. The 

understanding about package designing has great impact on modifications. The temperature 

should be equal to storage temperature during packaging but in some cases the elevated 

temperature required to generate specific environment. In the process of developing handling 

methodology, the heat transmission must be considered. The package is designed in such a way 

that it lowers the oxygen and increase carbon dioxide at low temperature to avoid injury.   
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