



A brief overview on Modified-atmosphere packaging (MAP)

Abstract

Modified Atmospheric Packaging (MAP) has become a significant technology in the field of food preservation and is a critical solution against food waste, which is responsible for about 30–40 % of the entire global food production. MAP greatly prolongs the shelf life of fresh foods by slowing microbial proliferation and oxidative degradation by modifying the compositions of gases within packaging.  MAP uses plastic films with specific gas permeability to manage internal atmospheres. The type of polymer and film thickness are key factors influencing this permeability. Because respiration rates vary between different produce items, films must be selected based on the specific requirements of each fruit or vegetable to create an effective modified atmosphere. Using protective gases in polymer film packaging helps extend the shelf life of food products by reducing the growth of common bacteria and microorganisms that affect quality and safety. This article outlines the key benefits of applying such gases and provides examples of specific gases or gas mixtures that can be tailored to various types of food.
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Introduction 

Modified-atmosphere packaging (MAP) is a technique used to extend the shelf life of fresh fruits and vegetables by enclosing them in polymer films that alter the internal levels of oxygen (O₂) and carbon dioxide (CO₂). This packaging method targets the respiration process of fresh produce, aiming to reduce O₂ and/or increase CO₂ concentrations to slow down the metabolism of the produce and suppress the growth of spoilage organisms, ultimately enhancing storage duration and maintaining quality [1-3].

Adjusting the O₂ levels within the packaging automatically affects CO₂ levels, and in some cases, managing both gases is beneficial. Beyond modifying internal gases, MAP significantly enhances moisture retention—sometimes more critical than the gas composition itself in preserving product quality. It also acts as a physical barrier against external contaminants and pathogens, creating a cleaner environment for the produce [4-6].

To ensure the internal atmosphere remains stable, the packaging film must be selectively permeable—allowing O₂ to enter at a rate that matches the produce's respiration and letting excess CO₂ escape [7-10]. At the same time, the packaging should limit water vapor loss, thus maintaining high humidity around the product. Research shows that MAP can **double** the shelf life of fresh produce, and when combined with refrigeration, it can **quadruple** it (Zagory and Kader, 1988).


However, MAP involves a dynamic relationship between the packaging material, the gas environment inside the package, and the produce itself. While the technique is effective, improper gas levels—especially too little O₂—can lead to unwanted fermentation and off-flavors (Kays, 1997). Similarly, if CO₂ levels exceed safe thresholds, it can harm the produce.

Empirical review

Rajesh (2001) highlighted that fresh produce differs from other foods as it continues to respire and undergo metabolic changes even after harvest. These biological activities make them more perishable, but MAP can effectively slow both biological and chemical spoilage processes (Jayas and Jeyamkondan, 2002).

According to Guevara et al. (2003), MAP uses specialized films with selective permeability to manage the levels of O₂, CO₂, and moisture, creating an optimal internal environment. It is particularly beneficial for highly perishable fruits and vegetables, as it slows down their deterioration. For instance, Zhang et al. (2003) found that MAP could extend the shelf life of “Pleurotus nebrodensis “mushrooms up to 90 days, reduce respiration and moisture loss, and preserve sugar content, acidity, and anthocyanins in strawberries.

Additionally, MAP has been shown to maintain better texture, appearance, and lower juice leakage in fresh-cut peppers compared to vacuum packaging. When stored at 5ºC, the peppers retained good quality and microbiological safety for up to 21 days (Gonzalez-Aguilar et al., 2004).

 Qun Shen et al. (2006) found that modified atmosphere packaging (MAP) can suppress the production of malondialdehyde and the activities of peroxidase and phenylalanine ammonia-lyase. These effects help to prevent browning and the development of lignified (woody) textures. Additionally, MAP significantly reduced the lignification in bamboo shoots by inhibiting the formation of cellulose and lignin.

Fresh horticultural products are ideal candidates for MAP. Lower oxygen and elevated carbon dioxide concentrations surrounding fresh produce offer several benefits: they slow down respiration and ethylene production, reduce sensitivity to ethylene, preserve texture and pigments like chlorophyll, delay ripening and aging, and inhibit microbial growth and spoilage (Aguilera and Oliveira, 2009
).

There are two main types of MAP used for fresh-cut produce: “active” and “passive” systems (Lisa Kitinoja and Gorny, 1998).

  Passive MAP

In passive MAP, the desired internal atmosphere naturally develops due to the produce's own respiration. The packaging film's selective permeability helps maintain this environment by regulating gas exchange (Ratti et al., 1998).

Active MAP

In contrast, active MAP involves removing the air inside the package and replacing it with a controlled mixture of gases. Passive MAP uses specific films to achieve the desired atmosphere over time through natural respiration and diffusion, while active MAP immediately creates the desired conditions.

In China, “passive MAP” is widely used for fresh produce and fresh-cut fruits and vegetables because it is a cost-effective alternative to controlled atmosphere (CA) storage.

“Active MAP” systems may also include gas-flushing or newer technologies like gas-scavenging or gas-emitting agents that release (e.g., nitrogen, CO₂, ethanol) or absorb (e.g., O₂, CO₂) gases during storage. These agents can be placed inside sachets, stickers, or directly integrated into the packaging materials.

 Oxygen scavengers , in particular, are used to remove oxygen from the package's headspace and product, preventing oxidation, microbial growth, or insect survival (Brody, Strupinsky, and Kline, 2001). These scavengers are especially helpful for products that are highly sensitive to oxygen, such as fresh or minimally processed fruits and vegetables (Charles et al., 2003).

 Villanueva et al. (2005)  found that MAP combined with refrigeration at 2°C was the most effective method for preserving green asparagus. This method outperformed other treatments (non-packaged, refrigeration alone, and MAP at 10°C after 5 days at 2°C) by maintaining better sensory and nutritional quality, enhancing food safety, and extending shelf life. The combination extended the shelf life by 12 days compared to regular refrigeration and by 6 days compared to MAP stored at 10°C. Significant differences were observed between packaged and unpackaged asparagus in terms of gas concentrations (O₂ and CO₂), appearance, weight loss, pH, acidity, vitamin C content, texture, microbial quality, and microscopic structure.

 
Rungsinee et al. (2009)  reported that combining an effective washing method (using chlorine and ozone) with MAP improved food safety, preserved product quality, and extended the shelf life of asparagus. Asparagus washed with chlorinated water and packaged in active MAP using oriented polypropylene (OPP) bags containing 8.15 kPa CO₂ and 17.51 kPa O₂ maintained its quality for up to 23 days at 4°C.

When  celery sticks  were stored in different types of packaging materials (OPP, LDPE, and perforated polyethylene bags as a control), MAP improved their sensory qualities, preserved their green color, minimized pithiness, and slowed microbial growth. None of the treatments resulted in off-odors or off-flavors. The best quality was observed in celery stored in oriented polypropylene bags, which reached a steady-state atmosphere after 15 days at 4°C.

Type of MAP for fresh cut-produce

	
	Passive
	Active

	Definition
	Modification of the gas composition inside the package due to interplay between the product respiration rate and the gas exchange rate through the

package
	Modification of the gas composition inside the package by replacing, at the moment of packaging, the air with a specific gas mixture either by drawing a vacuum or filling a gas mix

	Equilibrium time
	1 – 2 days to 10 – 12 days
	1 – 2 h

	Products

suitable for
	Mushrooms, carrots, strawberry, spinach
	Cut apples, dry fruits

	Cost
	No extra cost involved if the package is properly designed
	Extra investment is required for special machinery i.e., gas, gas mixer, packaging machine for MAP

	Requirements

for labelling
	No
	Yes


 Effect of temperature on Modified Atmosphere Packaging (MAP) 

Temperature is the most critical factor in preserving the quality and extending the shelf life of fruits and vegetables after harvest. Most deterioration processes—whether physical, biochemical, microbiological, or physiological—are highly sensitive to temperature. Key metabolic activities such as **respiration, water loss (transpiration), and ripening** are especially influenced by temperature changes. As a general rule, biological reaction rates “double or triple for every 10°C increase” in temperature (Beaudry et al., 1992; Exama et al., 1993), consistent with the “Van’t Hoff rule” which applies within the 0 to 40°C range.

For example, in “cut green onions”, the “Q10 value”—which indicates how much the respiration rate changes with a 10°C temperature shift—was found to be between “2.7 and 3.0” across a range of 0°C to 20°C. Although Q10 provides a useful estimate for predicting respiration rates, the actual value can vary with temperature (Kader, 1987).

 
Respiration rates (RR)  in plant tissues generally increase “exponentially” as temperature rises. According to “Gore’s law”, which is an approximation of the **Arrhenius law**, the logarithm of RR is directly related to temperature, and Q10 values (typically between 2 and 3 for plant tissues) can be calculated to understand these changes more precisely.

Beaudry and Gran (1993)  proposed that as temperature rises, plant tissue consumes oxygen at a faster rate than oxygen can diffuse through the skin, resulting in a steeper oxygen gradient and an increase in the “minimum oxygen requirement” (or lower O₂ limit). “Kubo et al. (1996)”observed that vegetables such as cucumbers, eggplants, sweet potatoes, broccoli, and cauliflower have a lower O₂ threshold of about “1%”, but this threshold increases with temperature (Beaudry et al., 1992; Joles et al., 1994).

While high temperatures speed up respiration and can help rapidly create the desired atmosphere inside a package, this is only beneficial in limited scenarios—like minimizing browning of cut surfaces—where speed of atmosphere establishment is more important than slowing metabolism. For example, Cameron et al. (1995) found that a package of blueberries reached a steady atmosphere in under 2 days at 25°C, compared to 20 days at 0°C.

Changes in both temperature and internal gas compositionduring storage affect the physiology and biochemistry of vegetables. Nilsson (2000) and Watada, Ko, and Minott (1996) reported that fluctuations in temperature (e.g., from 4°C to 10°C) impact aroma compound development and water loss in vegetables like broccoli more than consistent high temperatures.

Romani (1987) and Toivonen (1997) also observed that lowering the temperature reduces respiration, although this drop could also be related to cell degradation, which enhances aroma compound production.

In practical examples:

Fonseca et al. (2002) reported that reducing the temperature from 20°C to 1°C led to an 88–90% decrease in respiration rate in shredded Galega kale.

Iqbal et al. (2004) found that sliced mushrooms showed up to a five-fold increase in respiration when temperature rose from 0°C to 20°C.

Similar trends were found in shredded cabbage and fresh-cut cantaloupe (Nei et al., 2006; Portela and Cantwell, 2001), where higher temperatures consistently led to higher respiration rates.

In shredded carrots, Iqbal et al. (2009) demonstrated that both oxygen consumption and CO₂ production increased with temperature across various gas mixtures (ranging from 1.5–2% O₂ and 15–19% CO₂), with more pronounced effects at higher temperatures. Lowering storage temperature from 20°C to 0°C led to an average reduction of 86% in O₂ consumption and 90% in CO₂ production, under both ambient air and modified atmospheres. These findings were supported by various studies (Ratti et al
., 1996; McLaughlin and O’Beirne, 1999; Jacxsens et al., 2000; Hong and Kim, 2001; Jaime et al., 2001; Velde et al., 2002; Techavuthiporn et al., 2008).

The dependence of respiration rate on temperature was well described by an Arrhenius type equation.
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where,

	RR(RO2, RCO2)
	-
	product respiration rate [ml/(kg h)],

	Rref
	-
	reference respiration rate [ml/(kg h)], Ea: activation energy (kJ/mol),

	Rc
	-
	universal gas constant [0.008314 kJ/(mol K)],

	T
	-
	temperature (K) and

	Tref
	-
	reference temperature (average temperature in the range tested: 283.15 K for ambient air and 285.15 K for other atmospheres).


 Effect of Relative Humidity on MAP 

 
Relative humidity (RH)  plays a critical role in the post-harvest storage of fruits and vegetables (Lee et al., 1991). It represents the ratio of the air’s current moisture content to its maximum moisture-holding capacity at a given temperature.


Storing fresh produce in low-humidity environments can cause moisture loss and dehydration, which leads to weight reduction and quality degradation due to water stress (Van de Burg and Lentz, 1977). However, excessively high humidity can result in condensation on the surface of produce, promoting the growth of fungi, especially psychrotolerant species. Therefore, optimal storage practices must strike a balance between reducing transpiration and preventing microbial contamination.

For most fruits and vegetables, an RH of 90–95% is considered ideal (Wills et al., 1982). For chill-sensitive produce, however, other solutions—such as modified or controlled atmospheres—are needed to reduce water loss and infection risk at slightly higher temperatures.

 Packaging Materials in MAP 

  Film Type and Thickness 

MAP uses plastic films with specific gas permeability to manage internal atmospheres. The type of polymer and film thickness are key factors influencing this permeability. Because respiration rates vary between different produce items, films must be selected based on the specific requirements of each fruit or vegetable to create an effective modified atmosphere.

According to Guevara et al.
 (2003), MAP films selectively allow O₂, CO₂, and water vapor to pass through, creating a controlled environment around the produce. Although newer materials are emerging, most packaging still relies on four key polymers:

Polyvinyl chloride (PVC) 

Polyethylene terephthalate (PET)

Polypropylene (PP)

Low-density polyethylene (LDPE) 

Plastic Films 

LDPE is among the most widely used materials in MAP. For example: 0.02 mm LDPE was identified as the best option for pioneer cherries, while 0.03 mm LDPE reduced respiration and enzyme activity (polygalacturonase and cellulase) in nectarines.

PP and PVC are also commonly used, such as for packaging waxberries in 0.025 mm PVC.

Composite films (e.g., LDPE + PVC) improved gas composition control (2.5% O₂, 16% CO₂) for strawberries, reducing respiration, weight loss, and degradation of sugars, acids, and anthocyanins (Zhang et al., 2003).

Films made from BOPP\:PET\:LDPE have proven effective for bamboo shoots, and Fuji apples stored in PVC or LDPE films retained a fresh-like quality even after seven months.

   Silicon Gum Film & Advanced Packaging 

Jacobson et al. 
(2004) examined broccoli stored in different films (OPP, PVC, LDPE), noting that LDPE with an ethylene absorber preserved sensory quality best.

Shengmin Lu (2007) found that MAP flushed with 5% O₂ and 2% CO₂ extended the shelf life of minimally processed Bok Choy by reducing respiration and ion leakage—lasting 10 days longer than conventional poly bags.

Li et al. (2007, 2008) showed that silicon gum film windows (used for gas exchange) improved the shelf life and quality of mushrooms (Agrocybe chaxingu) by about 8 days compared to controls.

Rizzo and Muratore (2009) reported that celery stalks stored in antifogging polyolefin and ,micro-perforated films, at 4°C and 90% RH had a shelf life of 31 days, with the antifogging film maintaining better color, texture, and weight retention (under 3% weight loss).

Lucera et al. 
(2011) demonstrated that for cut broccoli florets, packaging films significantly affected headspace gas concentrations. Films MP-PP-20 and MP-PP-7 were most effective in preserving quality and extending shelf life to 20 days.

  Microbiological Influence in MAP 

MAP primarily helps maintain product quality by limiting microbial spoilage, which is often recognized through unpleasant changes in odor, flavor, color, or texture. A combination of  low oxygen, elevated CO₂, and refrigeration  is typically used to minimize microbial growth.

CO₂ exhibits antimicrobial activity by forming carbonic acid when absorbed into the food, lowering pH (Genigeorgis, 1985
). While low O₂ can suppress aerobic pathogens like Clostridium Botulinum, it cannot completely prevent anaerobic conditions within the food itself (Hotchkiss, 1988).

Reddy et al. (1992) showed that high CO₂ levels can suppress microbial activity more effectively at lower temperatures. Chilling slows overall spoilage, and MAP further extends shelf life by reducing oxidation and growth of aerobic microorganisms (Parry, 1993). However, excessive CO₂ may encourage the growth of some pathogens like Yersinia enterocolitica, Aeromonas spp., and Listeria monocytogenes—all found in packaged lettuce (Szabo et al., 2000).

Jacxsens et al. (2001) explored high oxygen atmospheres (HOA) (over 70% O₂) for ready-to-eat vegetables as an alternative to low-O₂ MAP. HOA successfully reduced enzymatic browning and yeast growth, improving microbial quality. Allende et al. (2004) noted that processed lettuce stored at 5°C in polypropylene bags with 3 kPa O₂ and 5 kPa CO₂ had increased microbial counts, leading to off-odors and a shelf life of less than 7 days.

Kim et al. (2007) evaluated 1-methylcyclopropene and sanitizers (chlorine dioxide and sodium hypochlorite) for fresh-cut cilantro. The combined treatments reduced decay and maintained higher quality scores by the end of storage.

Koide and Shi (2007) found that biodegradable PLA films, due to their higher water vapor permeability, could maintain green pepper quality and reduce microbial/insect contamination**, offering an alternative to LDPE films.

Lee et al. (2008) assessed how chemical sanitizers and packaging types (vacuum, N₂, CO₂) affected E. coli O157\:H7 on spinach. Sanitizer + MAP significantly reduced microbial loads (by 3–4 logs), proving effective for microbial safety.

Giovanna et al. (2009)
 studied fresh-cut leafy salads, finding that even modified atmospheres (6% CO₂, 3% O₂) allowed Listeria to grow after just 3 days. This highlights the need to combine MAP with other preservation methods.

Oliveira et al. (2010) confirmed that storage atmosphere had no significant effect on the survival of E. coli O157\:H7, Salmonella, or Listeria in shredded lettuce at refrigeration temperatures. This emphasizes the importance of **preventing initial contamination.

Simon and Gonzalez (2011) compared two packaging films for white asparagus stored at 5°C and 10°C. Lower temperatures preserved freshness better, with film A (7% CO₂, 15% O₂) offering better microbial and sensory quality than film B (2% CO₂, 20% O₂). The shelf life under these conditions was 14 days.

Freshly harvested fruits and vegetables are highly susceptible to spoilage due to their elevated respiration rates post-harvest. To counter this, various preservation techniques are employed to slow down respiration and extend shelf life. One such advanced method is  Modified Atmosphere Packaging (MAP) , which alters the composition of gases surrounding the produce within a package to maintain food quality and prolong freshness. MAP technology primarily utilizes three gases:  oxygen (O₂), carbon dioxide (CO₂), and nitrogen (N₂) . The specific concentration of these gases is tailored according to the type of produce being packaged. Over the past two decades, significant research by Raveena  et al., 2020.

Using protective gases in polymer film packaging helps extend the shelf life of food products by reducing the growth of common bacteria and microorganisms that affect quality and safety. This article outlines the key benefits of applying such gases and provides examples of specific gases or gas mixtures that can be tailored to various types of food. It also explains how these gases impact microbial activity and enhance freshness when used correctly. Furthermore, the article emphasizes the importance of choosing the right gas combinations for particular food applications to prevent contamination during packaging and processing. Advances in this technology also support environmental sustainability by minimizing food spoilage and reducing packaging waste throughout the supply chain and at the consumer level  Krzysztof Czerwiński etal., 2023

After harvest, fresh fruits and vegetables continue to undergo metabolic and physiological processes, which contribute to quality deterioration and increased waste. Modified Atmosphere Packaging (MAP) has been recognized as an effective method to prevent anaerobic conditions and prolong the shelf life of produce. Consequently, researchers consider MAP a practical and economical solution. The effectiveness of a MAP system relies on several key factors, such as the product’s respiration and transpiration rates, surrounding temperature and humidity, and the packaging material’s gas permeability. Therefore, incorporating all these elements is essential when designing a successful MAP system Mahdi Rashvand et al., 2025.

Respiration and microbial infections are major contributors to the postharvest spoilage of fruits and vegetables. Atmospheric storage technologies have proven effective in significantly minimizing these losses. This in-depth review highlights recent advancements in using atmospheric storage for preserving fruits and vegetables. It not only examines the impact of different gas compositions but also explores the integration of modern preservation methods such as ethylene absorbers, high-pressure and vacuum technologies, ozone treatment, UV radiation, active packaging, high-voltage electrostatic fields, plasma applications, and pulse-controlled atmospheres. Selecting optimal storage conditions tailored to each specific fruit or vegetable is critical, as these factors directly influence their physiological behavior and sensory quality. Combining atmospheric storage with these innovative techniques holds great potential for reducing food waste during storage by Yujie Fang   and Minato Wakisaka (2021).
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