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Abstract: In this article, we report in detail the use of protective gases to extend the shelf-life of 

polymer-film-packed foodstuff and reduce the most typical bacteria and microorganisms that neg-

atively affect the quality and lifetime of a given packaging. This article provides significant infor-

mation about the most important advantages of using protective gases and examples of gases or 

gas mixtures which can be used for almost every kind of foodstuff depending on the application. 

We also discuss how protective gases change the level of microorganisms in food using gases and 

how the shelf-life of food can be enhanced using correct gases or gas mixtures. The article also pro-

vides imperative information on the selection of correct protective gases for specific applications, 

especially for food production, to preserve against the most typical threats which can appear during 

the packaging or production process. Packaging innovations can reduce the environmental impact 

of food and polymer packaging waste by prolonging products’ shelf-lives and by reducing waste 

along the production and distribution chain and at the household level. 

Keywords: polymer film; shelf-life; deterioration; MAP; active packaging; quality control 

 

1. Introduction 

Nowadays, all food has to be fresh and healthy—meaning that it is without chemical 

improvers, is minimally processed, and is attractively packaged. The issue of the environ-

mental friendliness of products, especially packaging, is of great importance. Food pack-

aging very quickly becomes a nuisance waste [1–4]. Even though that some elements of 

packaging are only a matter of individual taste, the remaining elements are really im-

portant for every one of us and have to be produced at the highest level. Today’s consum-

ers require fresh food, meaning that the time between the food being made and its use by 

the consumer has to be as short as possible. To ensure the fastest possible delivery, the 

whole delivery chain has to work correctly without any redundant delays [5,6]. Further-

more, in regard to health, we are cautious when it comes to artificial additives because 

everybody wants to avoid poisoning. So, from the moment when fruits are picked, corn 

or any other grain are harvested, and fish are caught, the race against time begins. Every 

minute thereafter brings us closer to the time that these foods will not be suitable for con-

sumption because of microbiological contamination such as bacteria or just because of 

odor [7,8]. To effectively extend this time, some critical conditions have to be met [9]. Pa-

rameters such as water activity, pH value, and type and quantity of microorganism, which 

are internal factors, have a really big impact on natural deterioration and the decrease in 
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quality and shelf-life of foodstuffs. Besides internal factors, there are external factors as 

well, such as hygienic conditions while processing, proper polymer packaging film, tem-

perature, etc., that also threaten a product’s freshness [9,10]. 

To prevent the development of bacteria or any other microorganism and extend the 

shelf-life of foodstuffs without using chemical additives, many years ago, protec-

tive/shielding gases began to be used, colloquially called MAP gases, which means mod-

ified atmosphere packaging [5,11–13]. Thanks to these gases, we do not have to use chem-

ical additives because the surrounding atmosphere wrapping the product protects it 

against microbes and creates appropriate external conditions as well [7]. MAP can delay 

food’s inherent biochemical and microbiological spoilage mechanisms, thereby imparting 

a preservative effect without the use of chemical additives [14]. 

The main aim of this article is to collect and present basic and advanced information 

related to the packaging of various types of food in polymer film packaging and protective 

gas atmospheres, as well as classic and modern techniques of packaging quality control, 

i.e., packaging tightness and the composition of the protective atmosphere inside the 

packaging. 

2. How MAP Works 

The use of MAP gases means that the standard natural air which surrounds us is 

taken out of packages and a specific gas or the gas mixture, usually nitrogen and carbon 

dioxide, is insufflated in its place [15,16]. Packing food in a protective atmosphere keeps 

the quality of fresh produce for a long time, extends shelf-life, and gives food manufac-

turers admittance to a potentially bigger market for products with a short shelf-life. MAP 

gases are suitable for use in foodstuffs in typical food groups, for example, sausages and 

different kind of meat, vegetables and fruits, almost every type of dairy product, bread, 

fish or seafood, and any other products. The requirements regarding the packaging pro-

cess in case of packages with MAP gases are quite high and only those producers who 

control the packaging process can create securely packed food. Therefore, food producers 

have to use the newest technology of protective gases and multi-level quality assurance 

to reach the highest level of process safety [7]. However, each protective atmosphere must 

be optimized for a specific product, since agricultural products have different metabo-

lisms to each other, and the MAP system must balance the processes of respiration, tran-

spiration, and gas permeation through the packaging that will be occurring simultane-

ously [1]. A similar situation also applies to meat and other products we want to pack into 

MAP. 

There are many advantages to using MAP gases, such as extended shelf-life and bet-

ter quality because foodstuffs packaged in this special atmosphere pollute much slower, 

and when we combine this with continuous cooling, then we get highly prolonged fresh-

ness of consumable products. Modified atmosphere packaging (MAP) along with low 

temperature storage extends the shelf-life of fresh produce packaged in polymeric films 

through the interaction of the natural process of respiration of produce with the restricted 

gas exchange across the package [17]. Of course, it depends on the product type, but in 

most cases, we can even double the shelf-life [18]. Usually, MAP products have the highest 

possible quality for a long time and reach consumers in the best condition that can be 

provided. Another advantage which we get with MAP is less waste because of the shield-

ing gases; MAP causes much fewer problems with long-distance transport and extends 

the consumable time of foodstuffs [19]. Due to MAP, it is easy to limit waste, which cor-

responds to several kilograms of spoiled food and packaging films. This advantage means 

that producers can open up to new geographic markets to get to new customers, which 

we can observe through globalization. Another big benefit of MAP is stopping or at least 

decreasing preservative use. Packaging with a protective atmosphere prolongs the shelf-

life, which is the same role of preservatives (Figures 1 and 2, Table 1). In many cases, this 

means that preservatives can be highly limited or even eliminated, and customers receive 

products without artificial additives [20]. Of course, there are also studies that show the 
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combination of chemical treatment and MAP is more useful for inhibiting the growth of 

bacteria and yeast [21]. 

 

Figure 1. The difference between shelf-life of products with and without MAP gases, reprinted with 

permission from WITT Polska. 

 

Figure 2. Bacterial colony numbers increasing on pork with or without MAP gases in stable low 

temperature (3–5 °C), reprinted with permission from WITT Polska. 
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Table 1. The shelf-life list of different products with or without MAP gases. 

Food 
Shelf-Life in Air 

(Days) 

Extended Shelf-Life in the Correct 

MAP Gas Mix 

(Days) 

Bread few days 7–14 

Cakes several dozen days even 365 

Cooked fish up to 4 up to 28 

Dried foods up to 240 up to 730 

Fresh cut salad mix up to 5 up to 10 

Fresh pasta up to 14 up to 28 

Hard cheese up to 21 up to 70 

Pies up to 5 up to 21 

Pizza up to 10 up to 28 

Pre-baked bread up to 5 up to 20 

Raw dark poultry  up to 5 up to 14 

Raw fish up to 3 up to 9 

Raw light poultry up to 7 up to 21 

Ready meals up to 5 up to 20 

Raw red meat up to 4 up to 8 

Sandwiches up to 3 up to 10 

Sausages up to 4 up to 35 

Slicked cooked meat up to 4 up to 35 

Soft cheese up to 14 up to 21 
* All values—approximate values. 

Following the initial recognition of the advantage of CA (controlled atmosphere) 

storage over standard refrigerated air storage, several significant advances have taken 

place in the technologies and strategies for atmosphere control. These include the use of 

CO2 scrubbing techniques to control CO2 levels, improved technologies for generating low 

O2 atmospheres, the development of sense-and-respond systems for atmosphere control, 

and innovations in atmosphere control protocols. The huge amount of carbon dioxide is 

one of the main factors causing global warming. In order to limit its negative impact on 

the climate and atmosphere, modern companies oblige themselves to reduce their carbon 

footprint by reducing CO2 emissions. An excellent way to reduce CO2 is to recycle waste 

efficiently. It is already necessary to implement effective waste management that will al-

low for the effective reduction in carbon footprints, reducing the emission of CO2 and 

other greenhouse gases [7]. 

Besides these advantages, there are some limitations to using protective gases. The 

first and one of the most important is that the use of protective gases has comparatively 

high complexity, meaning that the packaging process regarding MAP gases has quite high 

requirements [7]. The typical failure which can happen is, for example, incorrect gas con-

centration, lack of tightness because of wrong temperature or incorrect pressure, damaged 

parts of packaging machines or tools, leftover products at the seals, or problems with ma-

terials such as the wrong film, etc. However, most of them can be eliminated using the 

best-quality equipment and correct maintenance actions [20]. Another limitation is the 

much higher cost of using protective gases compared to the use of chemical additives, 

especially with regard to not only gas costs, but additional quality control materials or 

special high-quality film costs as well. However, it is possible to minimize the mainstream 

of the costs thanks to effective resources management. The last issue which can discourage 

the use of MAP is the influence of gases on meal taste when we use, for example, a high 

level of CO2 concentration which reacts with the products and makes food sour. Wherein, 

this effect is possible to reduce by using special gas mixtures which can be adapted to 
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requirements. In some of the literature, there is evidence that MAP gases make meat chew-

ier, but there is no sure proof of this [18]. So, that is why there is a need for the commercial 

application of technology by processors and fresh produce retailers. Additionally, there is 

a need for MAP and related technology research for local crops under local conditions in 

developing countries [22]. 

3. The protective MAP Gases 

Typical gases which can be easily used with food, especially as MAP gases, mainly 

include carbon dioxide and nitrogen. These gases can occur both as a single gas or together 

as a gas mix. It is also possible to use gases such as carbon monoxide, argon, or in some 

cases, oxygen [5,7,10,23,24]. 

The most used gas is carbon dioxide, which is colorless, odorless, and tasteless. Its 

main role is to limit oxidation and stop the growth of aerobic bacteria and mold (Figure 

2). Atmospheres containing CO2 effectively increase the storage period of meat products 

by reducing microbial growth [25]. It is also important to mention that it is also responsi-

ble for the extension of shelf-lives. Normally, it seems that the length of shelf time is di-

rectly proportional to the level of carbon dioxide inside the package. So, put simply, the 

shelf-life is longer when there is more carbon dioxide [5]. Unfortunately, it has a disad-

vantage because it results in souring. Some products can change in taste and become sour 

because of the too-high level of carbon dioxide, so that is why it is really important to keep 

the balance. Moreover, carbon dioxide can react with film or any other materials and fi-

nally, with the products, which can be a reason why packages start to collapse. Because of 

this reason, in most cases, carbon dioxide is used together with other gases in a gas mix, 

such as, for example, with nitrogen [26]. 

Thanks to nitrogen, it is possible to make gas mixes where its main role is to substi-

tute the air in food packaging, particularly oxygen contained in the air. Generally, these 

gas mixes are made up of a pure and an inert gas, which prevents food oxidation and 

stops the growth of aerobic microorganisms. Nitrogen is mostly used as balance or rest 

gas. The dispersion of nitrogen is quite slow, and the assumed level of nitrogen stays 

longer in the packaging [5,7]. 

One another interesting kind of gas is oxygen, which is normally not used with food 

because oxygen causes the breakdown of food, as oxidation and shaping provide perfect 

conditions for the growth of aerobic microorganisms. So, that is why oxygen is not often 

used in the MAP gases. As research has shown, the greatest extension of shelf-life occurs 

at the lowest possible oxygen concentration before anaerobic respiration is initiated [9]. 

There is only one situation when oxygen is used with food, and that is when one wants to 

obtain the perfect red color of meat and inhibit the growth of anaerobic organisms. Sub-

sequently, we have to treat red meat with a high level of oxygen [27–30]. 

In addition to the gases described above, there are other gases which can be used in 

food processing, such as argon, which is an inert, colorless, odorless and tasteless gas. In 

some ways, it is similar to nitrogen; some research has shown that argon slows metabolic 

reactions in some types of vegetables. However, based on the price comparison of nitro-

gen and argon and despite this marginal advantage of argon, nitrogen is much more pop-

ular. It is almost impossible to find noble gases—which argon is—in food packaging [5]. 

The next gas which is also sometimes used in food is carbon monoxide. To extend the red 

color stability and avoid the drawbacks of aerobic packaging, an anaerobic MAP technol-

ogy with 0.4% CO (CO-MAP) was approved for use with fresh meats in the USA [31]. The 

US Food and Drug Administration approved 0.4% CO in MAP master packs (USFDA, 

2002) and in primary packages (USFDA, 2004) [32]. However, in many countries, and even 

in the EU, the use of this with food as a component of modified atmosphere is prohibited, 

despite the subjective and objective color analyses that indicated, as has been well-docu-

mented [32,33], that CO in MAP stabilized red meat color throughout its shelf-life, regard-

less of temperature [34]. This is probably why some studies have shown that the use of 

CO in meat packaging systems in the EU should be re-evaluated, as outlined in recent 
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work by Van Rooyen [35], as CO pre-treatments can be tailored to ensure that the meat 

color becomes unacceptable prior to the meat becoming spoiled so that consumers are not 

misled about the safety of the meat on display [31]. Carbon monoxide is similar to argon, 

a colorless, odorless and tasteless gas, and it is similar to oxygen as it is used to keep red 

meat red, with a small difference in that the required concentrations are very low com-

pared to oxygen [7]. After some research, it was found that increasing oxygen levels in 

modified-atmosphere packaging from 20% to 80% increases color stability. The inclusion 

of 0.4% carbon monoxide in conjunction with these oxygen levels d not influence color 

stability, metmyoglobin-reducing activity, or oxygen consumption [32]. 

Gases such as helium and hydrogen are not used to extend the shelf-life of food. So 

far, noble gases such as helium or hydrogen are extremely rarely used, probably because 

of the high price. In most cases, they are used as the trace gases in leak detection systems 

because of the tiny molecular size. They allow fast escape through potential leaks points 

and quickly recognize the leaks [7,36–39]. 

4. MAP-Protective Gas Atmosphere in the Packaging of Selected Product Types 

Modified atmospheres can be used in a very broad area of food production (Table 1). 

Until now, usually, bread, dairy, or meat products were packaged with a protective at-

mosphere, but in the last few years, MAP is increasingly being used for other products 

such as coffee, kinds of seafood and fishes, and fruit and vegetables. However, these are 

not all the products where modified atmosphere packaging can be used, because MAP is 

becoming very popular in ready-made meals or convenience products. Packaging in a 

modified atmosphere lengthens the shelf-life of fresh products. This technology allows for 

longer storage in this specific atmosphere, i.e., with reduced O2 rest and increased CO2 

compared to air. Modified atmospheres reduce the rate of breathing and ethylene produc-

tion, which in effect slows down physiological processes and, consequently, slows down 

the degeneration of products [10,40]. Molecular changes are caused by a series of enzy-

matic reactions that take place in the metabolic tract, for example, glycolysis, the tricar-

boxylic acid cycle, and the electron transport system. Modified atmospheres (MAPs) are 

created actively or passively. In the active modification, the atmosphere is created by 

flushing the main space with the desired mixture of gases. In the case of passive rejuve-

nation, the atmosphere is created by allowing the product to respire inside the package, 

slowly establishing the balance. In both cases, the atmosphere is maintained by the dy-

namic balance of breathing and penetration [41]. 

4.1. Meat Products including Sausage and Poultry 

Meat products, such as sausage and raw meat, are susceptible to spoilage because of 

microbial growth, high moisture, and high nutrient content [12,25]. No matter whether 

the product is beef, pork, or poultry [42], the spoilage process begins directly after the 

moment of butchering [43]. Despite the high suspended hygiene standards of quality and 

constant cooling, MAP atmospheres can prolong the shelf-life of almost every meat prod-

uct [34]. CO2 is the most important among the protective gases [44]. MAP gas mixed with 

concentrations of more than 20% of CO2 allows for significant reductions in microbial 

growth [45]. 

Considering red meat, we certainly encounter the problem of the oxidation of red 

color dye [35]. The red color of meat will disappear, becoming grey and not attractive for 

the potential customer. The oxidation is very noticeable for beef. So, that is why a high 

level of oxygen in MAP gas could be very helpful to avoid oxidation [14,46,47]. Retail 

packaging of meat in modified atmospheres (MAs) with 70–80% oxygen is used to provide 

a stable bloomed red meat color, which is attractive to the consumer. The inclusion of 20–

30% carbon dioxide (CO2) prolongs the shelf-life by inhibiting bacterial growth [46,47]. At 

the same time, the low carbon monoxide level (about 0.5%) is also able to help to keep the 

red hue of meat [32,35]. However, the use of carbon monoxide is prohibited in the EU, as 

mentioned earlier. 
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Modified atmosphere packaging (MAP) is considered as an effective method for 

packaging various fresh meat and related products, including chicken meat, in order to 

extend the shelf-life of products. The use of an optimal mixture of gases (CO2, N2, and O2) 

in food packaging containers has been proved to effectively inhibit the microbial flora of 

various fresh perishable food, such as poultry meat [48]. 

Poultry is highly receptive to quick spoilage and is therefore subject to much higher 

requirements for uninterrupted cooling [49]. In this case, too, a MAP containing CO2 cer-

tainly will prolong the shelf-life (Figure 3). A high level of oxygen is also used for poultry 

with no skin to keep the hue of the meat. We have to also remember that CO2 can partly 

be absorbed into products [50]. To avoid the packages from collapsing, usually, nitrogen 

is used as the balance gas [13]. 

Products such as meat and sausage, e.g., smoked and marinated meat pieces, react 

differently depending on the different gas mixes [51,52]. The extended shelf-lives of prod-

ucts are possible to attain by the use of MAP gases from the beginning of the production 

process. As research has shown, all the investigated MAPs showed an antimicrobial effect; 

moreover, low carbon dioxide concentrations caused a lower color variation during stor-

age [52]. However, we have to remember that a too-high level of CO2 in the packaging 

process of these products will create a sour taste [30,48]. The same situation takes place in 

the case of raw meat, especially pork meat. Although high-oxygen MAPs stabilize fresh 

beef color, the effect in pork is inconsistent because give rise to the formation of undesir-

able off-flavors and odors [51]. 

High concentrations of oxygen have also been shown to increase lipid oxidation in 

meat and meat products, causing rancidity [28–30]. 

 

Figure 3. Chicken’s meat shelf-life in different temperature and gas mix combinations, reprinted 

with permission from WITT Polska. 
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4.2. Sea Products like Fish and Seafood 

The most sensitive foods certainly belong to seafood and fish (Figure 4). This happens 

because directly after being caught, seafood products quickly spoil and decrease in qual-

ity. So, what is the reason for this? Generally, the pH value, which is neutral, causes them 

to spoil quickly, and pH contributes to the existence of a great precondition for microor-

ganisms such as particular enzymes which ensure bad taste and odor. The next problem 

for fish, especially those which contain fatty acids, is quite fast rancidity. That is why, for 

an extended shelf-life, it is really important to keep these items cool, very close to 0° Cel-

sius. Moreover, MAP gases with CO2 levels above 20% greatly stop the increasing number 

of bacteria as well. In fact, it is generally recognized that in the absence of O2 and in the 

presence of CO2, a bacteriostatic effect is exerted on aerobic microflora, thus inhibiting 

Gram-negative bacteria, such as Pseudomonas spp. and hydrogen sulfide-producing bacte-

ria [53]. The popular practice is the use of a gas mix with a 50% CO2 level [54]. When we 

use higher CO2 concentrations, we have to reckon with undesirable effects such as un-

wanted sour tastes and dry products. Sometimes, higher CO2 concentrations are used as 

well as O2 in the gas mix for low-fat fish and shellfish. This procedure enables the correct 

color to be kept, and on the other hand, works favorably for some forms of bacteria. How-

ever, for products such as shellfish or crustaceans, it is really important to not exceed a 

high level of CO2. There is clear evidence of too-high CO2 levels causing sour tastes of the 

product and collapsed packaging because of the CO2 absorption by the product. To avoid 

this situation and effect, usually, nitrogen is used as the inert gas to fill the packs. Besides 

CO2, there is the possibility to interact with carbon monoxide, which is also used inter-

changeably, but only in countries where carbon monoxide is approved to be used as an 

MAP gas [31]. 

 

Figure 4. Loss of fish’s taste and aspect quality in air and MAP, reprinted with permission from 

WITT Polska. 
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4.3. Bakery Products such as Cakes and Bread 

For products such as cakes, biscuits, bread or any other bakery products, the most 

detrimental occurrence is mold formation, which diametrically decreases their shelf-life. 

However, to minimize this risk, during the production and packaging process, it is really 

important to keep the highest standard of quality and cleanliness. Packages can be filled 

with MAP gas that includes CO2 with the smallest possible rest oxygen level to stop the 

development of mold and prolong the shelf-life at the same time (Figure 5). Like for any 

other products where CO2 reacts with food inside the package, here, nitrogen is also used 

as the filling gas to prevent the collapse of the package [5]. 

 

Figure 5. Increase in the shelf-life of a few types of bakery products with different levels of CO2 

ratios in MAP, reprinted with permission from WITT Polska. 

4.4. Agricultural Products including Vegetables and Fruits 

The gases included in MAP during the packaging process ensure that fresh and 

chemically untreated food can reach customers. Proper MAP-packed fresh vegetables and 

fruits have been compared to those without MAP [16,55–57]. The atmosphere generated 

by modified atmosphere packaging (MAP) delays the ripening of certain subtropical–

tropical fruits, including mango or bananas, etc. [58]. Moreover, in vegetables and fruit 

such as cherries, low O2 levels generally inhibit the growth of most aerobic spoilage mi-

croorganisms, while the growth of anaerobic pathogens may be allowed or even stimu-

lated; molds and Gram-negative aerobic bacteria are highly sensitive to CO2 [56] and re-

quire special treatment relative to the type of packaging and kind of atmospheres [12,21]. 

For example, in the case of tomatoes, it was proved that reduced levels of O2 or elevated 

levels of CO2 inside packages can reduce respiration and ethylene production rate, delay 

ripening, retard softening, and slow down various compositional changes associated with 

ripening [59]. The optimal concentrations of CO2 (5%) and of O2 (5%) delay the ripening 

of tomato [60]. The reason for this is—compared to any other food—vegetables and fruits 

still take in oxygen and even after harvesting, they have to have a high enough level of 

oxygen in their packaging [61]. For example, in potato strips, oxygen depletion causes the 

loss of product quality that would probably prevent consumers from eating the poten-

tially hazardous foods [40]. That is why the film barrier has to be fit to each product sep-

arately [62]. Usually, thanks to micro-perforation, the concentration of carbon dioxide, ni-

trogen, and tiny levels of oxygen can ensure the breathability and the permeability of film 
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as well [59]. The generally recommended percentage of O2 in a modified atmosphere for 

fruits and vegetables for both safety and quality falls between 1% and 5%, although the 

oxygen level will realistically reach levels below 1% in MAP produce [9]. The name of this 

process is EMA (equilibrium-modified atmosphere) [17]. The ratio of gas concentration is 

individually defined to each product [55,60]. Anyway, it has been shown that MAP tech-

nology is able to extend the shelf-life of pomegranate whole fruit and arils. However, 

novel technologies such as ‘smart’ packaging offer the potential of further increases in the 

shelf-life and safety of MAP pomegranate whole fruit and arils [12]. 

Not only MAP gases but cleanliness and hygienic processes are fundamental issues 

that affect the long-lasting freshness of products [58,63]. Additionally, the use of unsuita-

ble packaging materials can lead to technically unsuitable atmospheres with detrimental 

effects on product quality [64]. MAP is known to alter the microbial population of vege-

tables. Citrus fruits are an important source of bioactive compounds such as ascorbic acid, 

carotenoids, flavonoids, flavanone glycosides, and phenolic compounds; all of these are 

potentially health promoting. The use of plastic films to package citrus fruit can be bene-

ficial in keeping them fresh during post-harvest storage. Nanoactive films, unlike other 

films available on the market, have the ability to retain more ethylene produced during 

fruit respiration. Films with an active layer of nanoporous-crystalline syndiotactic poly-

styrene (s-PS) extend the shelf-life of not only fruit. A longer shelf-life of products may be 

associated with a large increase and decrease in the concentration of carbon dioxide and 

oxygen inside the package, respectively [65–68]. 

In chilled MAP produce, this may result in the inhibition of the Gram-negative Pseu-

domonas spp., while encouraging the growth of Gram-positive lactic acid bacteria (LAB) 

[69]. If the MAP conditions are appropriate to the commodity, then microbial growth in 

general is reduced [70]. Thanks to MAP gases linked with the right cooling, it is very via-

ble to have the prolonged shelf-life of food and make the perfect packaging design and 

great product freshness for the customer [22]. 

4.5. Ready-Made Meals and Pasta 

Fresh pasta and especially ready-made meals significantly differ in composition and 

nature. The problem appears because products such as unfrozen sandwiches or pizzas 

can consist of many different ingredients which do not have identical dates of shelf-life, 

and thus, different spoilage parameters. In most cases, MAP gases where the level of O2 

is minimal or almost nonexistent can highly prolong shelf-lives. So, usually, in the case of 

these products, CO2/N2 gas mixes are used. Furthermore, the share of gases is dependent 

on the composition in each product. An example would be a situation where food can 

absorb the high volume of CO2 and avoid the collapse of the package, so it would be re-

quired to use the nitrogen as the filling gas. 

MAP technology can significantly extend the shelf-life of ready meals and other del-

icatessen preserved by quick cooling. It has been found that the use of CO2/N2 gas mix-

tures delays not only the microbial spoilage process but also the moment of the appear-

ance of a rancid taste due to oxidation. The best gas to product ratio is 2:1 [7]. 

The main spoilage mechanism of fresh pasta is the growth of yeast and mold. In the 

case of fresh green pasta, it is a good idea to protect it from the effects of light to prevent 

discoloration. That is why they are commonly protected against the access of light by 

means of, for example, colored prints, pigmentation, or metallized foil. As with other 

products packed in a modified atmosphere, it is recommended to maintain appropriate 

storage temperatures and to follow the rules of hygiene and handling the product in order 

to reduce the risk of food poisoning. MAP technology can significantly extend the shelf-

life of pasta. CO2/N2 mixtures are used to inhibit the growth of microorganisms and harm-

ful oxidative reactions. The most commonly recommended gas to product ratio is 2:1 [6]. 
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4.6. Snacks such as Chips and Nuts 

Products such as snacks including peanuts and potato crisps have one essential prob-

lem involved with fat contained in food. Most of the time, a risk of oxidation and food 

rancidity appears if, for example, the package is not tight enough [5]. Therefore, to prolong 

the shelf-life, a really important issue is to decrease the O2 rest to the minimum [71]. For 

example, very often, pure nitrogen is used as the MAP gas. Thanks to a solution such as 

this, it is much easier to prevent food from being affected by rancidity and spoiling as well 

as mechanical damage in the case of sensitive products, for example, delicate potato chips 

which have to be protected from crushing [7]. However, the kind of gas used definitely 

depends on the product; therefore, it is concluded that for storing fresh in hull pistachio 

nuts, modified atmosphere packaging with 100% CO2 can be more beneficial and can ex-

tend the shelf-life of fresh in hull pistachios nut from 2 weeks to approximately 35 days 

[71]. The main cause of spoilage of dry foods with a high content of unsaturated fatty acids 

(breakfast cereals, muesli, potato chips, nuts, cocoa powder, and milk powder) is oxygen 

rancidity. This destructive process effectively inhibits packaging under N2 atmosphere. 

The most commonly recommended gas to product ratio is 2:1. Due to the very long shelf-

life of dried products, which is obtained with the use of MAP technology, packaging ma-

terials must have a high barrier to moisture and gases. Metallized films have such prop-

erties. Certain dried foods, such as powdered infant formula, are particularly prone to 

aerobic rancidity, so residual O2 levels should not exceed 0.2%. Very low residual O2 levels 

can be achieved by using O2 free radical scavengers in MAP packs. 

4.7. Wine and Drinks 

To keep the quality of wine products and protect the production process in different 

phases, usually, gases or MAP gas mixes are used. They have to be used to reduce the 

contact of the product with oxygen and avoid microbial aggravation. To reach these con-

ditions, the headspace in the tank has to be filled by an inert gas or gas mixture, for exam-

ple, a combination of gases such as CO2, N2, and Ar. Of course, the concentration of each 

component gas is chosen depending on the kind of wine [7,72]. 

Liquid food and beverages are not packaged using conventional MAP equipment, 

and types of packaging typically used include cardboard containers, glass and plastic bot-

tles, aluminum and steel cans, kegs, barrels, and stainless-steel tanks. A N2 and/or CO2 

purge is used with gaseous N2 and/or CO2 when bubbled through the liquid food and 

beverages to lower the dissolved O2 concentration. Such gas atomization is used commer-

cially in the production of carbonated beverages, beers, lagers, mineral waters, fruit juices, 

etc., and can also be beneficial for other liquid food products. 

4.8. Coffee 

Because coffee as a dried product is quite resistant to spoilage by any microorgan-

isms, it is relatively easy to store for a longer time. Wherein, the fatty acids which can 

cause oxidization may lead to rancidity as well. To avoid this process, the rest of the oxy-

gen has to be reduced to a minimum in coffee packages. In capsules and sachets with 

coffee, very frequently, pure nitrogen gas is used [5]. It prevents any kind of microbial, 

enzymatic, and physical deterioration of the filled product, protects the product from in-

sects, harmful bacteria and molds, and keeps it as fresh as it was on the first day of pack-

aging. Furthermore, it is a proven technology that keeps the products fresh, preserves the 

aromas and color, helps to maintain natural structures, and extends shelf-life without us-

ing any chemicals. 
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4.9. Dairy Products 

Dairy products such as cheese are usually spoiled by rancidness processes or in-

creased numbers of microorganisms. For these products, it is really important to keep the 

cooling process uninterrupted, which certainly prolongs the shelf-life of them. In the case 

of hard cheese, the risk of mold formation can appear, especially during oxygen contact. 

Previously, vacuum packaging was used very often, despite some disadvantages such as 

being difficult to open and the existence of unattractive packaging traces [7]. Thanks to 

CO2, which does not influence the maturation of cheese, it is quite easy to effectively ob-

viate mold formation. However, in case of soft cheese, the rancidity process can proceed 

relatively quickly. However, as before, a problem such as this can be solved quickly by 

using a MAP gas mix with CO2. However, a product such as soft cheese can absorb CO2 

gas in a much bigger ratio, and also, here, the risk of package collapse can appear, which 

is mentioned in the previous chapter. A reaction such as this is caused by the use of lower 

levels of CO2 in the gas mix [72]. Products such as yoghurt, cream, and milk can absorb 

too much CO2, which causes the sour flavor of these products. Additionally, as in the case 

of soft cheese, a much lower CO2 level has to be chosen [5]. 

Milk powder is frequently used as baby food, so it has to be treated as a highly tender 

and sensitive product. To prolong the shelf-life of this product, it is particularly important 

to reduce or get rid of the O2 rest in the packaging. Generally, the packaging process of 

this product is carried out with the use of pure nitrogen to reach the minimal possible 

level of oxygen in the packaging [7]. 

5. The Most Common Microbiological Contamination of Food 

According to the World Health Organization, dangerous food containing harmful 

bacteria can cause hundreds of different diseases. In 2016, European zoonosis monitoring 

activities were carried out. The most frequent ones were: campylobacteriosis, salmnellosis, 

yersiniosis, listeriosis, and (STEC) Shiga toxin produced by Escherichia Coli [70,73]. 

The components of protective gas atmospheres, especially CO2, have a significant 

impact on the development of microorganisms, which is graphically shown in Figure 6. 

Under anaerobic conditions of chilled storage with elevated levels of carbon dioxide, 

while slower-growing lactic acid bacteria are encouraged, the growth of aerobic spoilage 

microflora is discouraged. In the presence of oxygen, the growth of Brochothrix thermo-

sphacta occurs and can cause the spoilage of meats. Most microorganisms require oxygen 

for growth, and due to its almost complete elimination in vacuum packaging, the growth 

of aerobic bacteria, molds, and yeasts is prevented under such conditions. This contributes 

significantly to the extension of the shelf-life of the packaged food and also allows for the 

preservation of sensory features that are appropriate and desired by consumers. How-

ever, it should be remembered that the quality and durability of vacuum-packed food 

depends to a large extent on whether it has been microbiologically re-contaminated before 

packaging, i.e., during technological processes [42]. 

Gas packaging as applied to some vegetables and meats could provide one option 

for controlling the surface contaminants of chilled carcasses, but the effect is usually to 

prevent the excessive growth of genera such as Pseudomonas or Salmonella rather than their 

eradication [43,74]. 

Bacteria are the most common pathogenic agent. It is estimated that salomenella ac-

counts for 50% of nutritional diseases caused by bacterial factors [53]. The main food prod-

ucts that are the source of infections are eggs, poultry, fish, crustaceans, mollusks, poultry, 

meat products, and, other than milk, dairy products [74]. The value of food matters to 

food producers as well as to distributors and consumers. In some cases, food may be im-

properly processed or contaminated with spoilage bacteria. It depends on the type of 

products storage, time, and processing degree [75]. Consumers’ demand for fresh and 

healthy food means that the food industry is looking for technologies that will ensure 

higher food quality, ensure safety, and reduce the risk of food contamination with 
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bacterial pathogens. New processing technologies, in particular food storage, can be a tool 

to improve the value of food [76]. 

 

Figure 6. The influence of CO2 on various bacteria, reprinted with permission from WITT Polska. 

Salmonella spp. is one of the causes of diseases transmitted by food pathogens [77]. It 

is usually related to food of animal origin: chicken, red meat, and pork. Food contamina-

tion with salmonella may occur during the production or inappropriate handling of food. 

Salmonella contaminants cause losses during food production and the withdrawal of 

products from production or sale [78,79]. 

Campylobacter spp. causes serious food poisoning. It is estimated that more than 50% 

of the diseases that this pathogen corresponds to are attributed to poultry products such 

as chicken burgers and nuggets. Campylobacteriosis is a disease so serious that in New 

Zealand, since 1980, is a disease that needs to be reported [80]. 

E. coli O157: H7 was identified in 1982 and is now considered a dangerous food path-

ogen. 

Bacillus cereus belongs to the bacterial family of one of the most troublesome food 

pathogens. Bacillus-resistant endospores are troublesome for food producers. Mainly, 

handling raw food or cooking food is their source. Often, Bacillus cereus is the cause of 

food poisoning because their spores can withstand high cooking temperatures [81]. Bacil-

lus cereus is a large Gram-positive, mobile, aerobically active pathogen. Oxygen allows for 

the easy sporulation of bacterial spores [82]. 

Studies with the help of a transmission electron microscope have shown that the cells 

have a cytoplasmic membrane surrounding the cell contents. Some strains contain a sur-

face protein (S layer). The inner membrane, the bark, and the inner and outer mantle sur-

round the spore core. Bacillus cereus spores do not have metabolic activity; therefore, they 

are resistant to heat, frost, drying, and radiation. All these features are defensive factors 

of bacteria [83,84]. Bacillus bacteria are widespread in the environment. Several species of 

Bacillus are related physiologically, genotypically, and phenotypically with Bacillus cereus. 

Bacillus cereus is a large group, which includes many species, such as B. thuringiensis, 

B. mycoides, B. anthracis, B. pseudomycoides, and B. weihenstephanensis. 

For most species, soil is a natural environment. Soil agricultural products can be con-

taminated by many species. This causes food contamination and spoilage. However, the 

most important species that significantly affect the spoilage of food is B. cereus [85]. 
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Bacillus cereus is characterized by resistance to endospores and their long-lasting abil-

ity to survive. It easily transitions from the natural environment to dissimilar types of 

food, especially cereals and its derivatives, rice, vegetables, herbs, dairy products, milk, 

raw meat, eggs, and ready-to-eat foods [84,86–88]. 

Bacillus cereus produces three different enterotoxins and emetic toxins (ETEs): nonhe-

molytic enterotoxin (Nhe), BL hemolysin (Hbl), and cytotoxin K (CytK). Hbl and Nhe con-

sist of three different proteins: L1, L2, and B and NheA, NheB, and NheC. CytK is a one-

component toxin [81,89,90]. B. cereus can be found in meat seasonings as well as meat 

products subjected to heat treatment. In this case, these bacteria are a threat because they 

are resistant to heat stress. The pathogen can also occur in frozen meat semi-finished prod-

ucts. B. cereus can also be found in raw milk, in which it is present as a spore capable of 

surviving the pasteurization process [91]. Other products such as spices, baby food, sea-

food, chocolate, legumes, cereals, cereal products, and fresh vegetables may contain B. 

cereus [92,93]. 

B.cereus spores can adhere to hydrophobic surfaces, which is a threat to the food in-

dustry. The small spore surface and high hydrophobicity cause strong adhesion [81]. 

Salmonella is an anaerobic bacterium. It is a pathogen that can often be found in food. 

The occurrence of salmonellosis occurs in fresh fruit and vegetables: apples, mango, let-

tuce, tomatoes, melon, and celery [53,94,95]. 

Food poisoning with staphylococcus (SFP) is a very common occurrence worldwide. 

SFP is caused by the intake of one or several staphylococcal enterotoxins during organza 

growth in food [96]. Staphylococcal enterotoxins show endurance in the face of stressful 

situations. Enterotoxins are resistant to proteolytic enzymes and are very stable in diges-

tive tracts, such as trypsin and pepsin. They are therefore active in the digestive system 

[97]. 

6. Modern and Safe Food Systems for Polymer Packaging 

Active packaging, sometimes referred to as interactive or “smart” packaging, is in-

tended to sense internal or external environmental changes and to respond by changing 

its own properties or attributes and hence the internal package environment [98]. 

Active packaging functions and technologies include moisture control, O2-permeable 

films, O2 scavengers or absorbers, O2 generators, CO2 controllers, odor controllers, flavor 

enhancement, ethylene removal, antimicrobial agents, and microwave susceptors [99,100] 

in addition to indicators of specific compounds and temperature control packaging. 

Intelligent systems are designed to provide better product quality and safety. Very 

often, these systems occur in the form of intelligent etiquettes placed on the packaging. 

Temperature indicators are also used for products sensitive to low temperatures. The in-

dicator allows you to obtain information regarding whether the product has been frozen 

or exposed to low temperatures. The indicator is built in the form of a tube that contains 

a liquid that, after exceeding the temperature limit after 30 min, turns violet. There are 

four types of this indicator available in the industry depending on the set limit tempera-

ture: −3, 0, 2, and 5 °C. A small device was also created—a plotter used as a small recorder 

to store the history of temperature from production to transport. It can reveal all temper-

ature overflows, which is very useful in the case of drug transport. It operates in a tem-

perature range from −40 to + 85 °C with a precision of 0.5 °C. The plotter is a small and 

powerful device that allows for easy placement in the desired place [101]. 

Antimicrobial packaging is an extremely challenging technology that could extend 

shelf-lives and improve food safety in both synthetic polymers and edible films. An inter-

esting alternative to polymer packaging is hybrid packaging. They combine the ad-

vantages of organic components with inorganic components. This ensures the creation of 

packages with interesting new features. They have permission to obtain monoliths, gels, 

powders, and even fibers. Organic–inorganic hybrids are characterized by plasticity, the 

ability of easy processing, and thermal and chemical resistance. Polymeric nanocompo-

sites can be distinguished in the material group. These are two-phase systems in which 
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the polymer matrix is reinforced with fillers such as nanotubes and layer silicates that are 

mechanically and thermally resistant. It is possible to obtain polymeric nanocomposites 

in the form of foils, containers, and coatings. Currently, intensive research focuses on the 

creation of active packaging based on biodegradable polymer perocomposites that could 

come from renewable raw materials. Naturally, polymers such as chitosan, cellulose, 

starch, and gelatin are cheap, available, and easily compostable. Hybrid systems based on 

biopolymers and inorganic polymers are becoming more popular. One of these combina-

tions is gelatine–siloxane material. The meadow material obtained in this way has the fea-

tures of biodegradable gelatin and mechanical and thermal resistance as well as the hy-

drophobicity characteristic of organosilicon compounds [13]. 

Ensuring the quality of food and safety is one of the greatest challenges of the present 

food industry. The microbiological contamination of food has led to the search for solu-

tions to stop the numbers of microorganisms in food. New-generation packaging is a chal-

lenge for the current market. Progress to improve the physical, chemical, sensory, and 

microbiological protection of food to improve shelf-life and to reduce FLW include new 

technologies, such as nanotechnology and active packaging [18]. Packaging technologies 

should prolong food shelf-life. The application of antibacterial polymers in food packag-

ing can help to solve these problems [102,103]. Furthermore, the gas and water barrier 

properties of the investigated biobased packaging materials are sufficient to achieve the 

same shelf-life as that achieved by conventional packaging [38]. 

Antimicrobial solutions may take the form of: 

 Sachets with volatile antimicrobial agents, 

 Antimicrobial agents of volatile and non-volatile used into polymers, 

 Antimicrobials adsorbed on the polymer, 

 Immobilization with ionic or covalent bonds to polymers, 

 The use of anti-bacterial polymers. 

To summarize the above, active packaging is a technology developing a new trust 

because of recent advances in packaging, material science and new consumer demands 

[104]. 

All of these technologies can lead to the achievement of ever-longer shelf-lives for 

food, meaning it is really important to develop them in the future, but on the other hand, 

this must be done with the highest care for the environment. Packaging has to be made in 

a sustainable manner because future packaging developments should focus on further 

advancements in packaging technology but should not neglect the importance of indirect 

effects of packaging [41]. 

7. Edible Chitosan Coatings in Processed Foods 

The introduction of modern packaging methods includes the development of opti-

mal inert gas MAP atmospheric composition for fresh produce; bioactive polymeric films 

with antimicrobial activity against foodborne pathogens via the immobilization of bacte-

rial cells or antimicrobials on polymers; the incorporation and controlled release of vola-

tile and non-volatile antimicrobial agents into packages; and the use of biopolymers that 

are inherently antimicrobial [55]. 

One natural biopolymer that exhibits antibacterial and antioxidant properties is chi-

tosan. It is shown to be compatible with other biopolymers and lipids. Due to its features, 

it is possible to formulate different foils adapted to specific purposes. It can create shells 

with improved functionality and performance [2,105,106]. Chitosan is a natural polysac-

charide from which biodegradable films and coatings are formed. It is obtained by the N-

deacetylation of chitin (poly-β-(1,4)-N-acetyl-d-glucosamine), which is the main compo-

nent of the shells of insects and crustaceans. It can also be obtained in seafood waste (from 

shells, crabs, shrimps, and lobsters) through the use of alkaline solutions and high tem-

peratures. Chitosan is a non-toxic hydrocolloid with biocompatible and biodegradable 

properties. Unlike other hydrocolloids, it is positively charged [107–109]. Amine chitosan 
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groups that react with the cell wall have antimicrobial and antifungal activity. As a result, 

cell wall permeability and cell extinction changes. The degree of deacetylation of chitosan 

affects its antimicrobial effect. Higher antibacterial performance depends on a higher de-

gree of deacetylation. 

Other external agents, such as, for example, the type of medium, temperature, and 

pH factor, also affect the activity. It has been found that the anti-bacterial effect of chitosan 

is greater in the case of Gram-positive bacteria compared to Gram-negative [108,109]. 

Films based on fish gelatin and chitosan are colorless and transparent, but they exhibit 

excellent barrier properties against UV light. In addition to light barrier properties, appro-

priately formulated films and coatings should meet those aspects related to oxygen barrier 

to control oxygen exchange between food and the surrounding atmosphere, protecting 

food and delaying its deterioration by discoloration or texture softening [54]. The combi-

nation of chitosan with other biopolymers improves the film’s properties that are a barrier 

to water. For this purpose, pectin or corn starch is added to the laminated chitosan foil. 

Chitosan coatings have been shown to work against fungi, yeasts, and bacteria. Further-

more, this activity in the antimicrobial sphere can be increased by the addition of appro-

priate polysaccharides [110]. 

Chitosan coatings have a special antimicrobial effect by acting on Escherichia coli and 

Staphylococcus aureus. The increase in the effect of chitosan can also be increased by adding 

peptides, metals, or essential oils to the polymer structure. The use of silver nanoparticles 

to chitosan and starch has shown bactericidal activity against Staphylococcus aureus, Esch-

erichia coli, and Bacillus cereus. Even better effects were obtained by adding zinc oxide to 

silver nanoparticles [111–113]. Films created based on chitosan and additional antimicro-

bials and antioxidants have been used to extend the period of ‘foodiness’ for the consump-

tion of fish and meat products [114]. Such products are easily subject to microbiological 

destruction and the oxidation of lipids. Such chitosan coatings act against Listeria mono-

cytogenes. Chitosan coatings are used to extend the shelf-life of freshly cut or low-pro-

cessed fruit or vegetables. The potential of chitosan coatings is confirmed by scientific re-

search. Thanks to research, we know that food that may or may not interact with the ad-

joining packaging materials. In result, this might change the initial mechanical and barrier 

properties of the materials, as well as the safety of the product at consumption [15]. Chi-

tosan can be added into recycled products such as multi-layer film packaging materials, 

where every polymer coating performs a specific function. It can act as an antioxidant, an 

antimicrobial or a water insulator. A major challenge is the production of chitosan coat-

ings that could further reduce production costs. For this purpose, it seems appropriate to 

combine chitosan with biodegradable ingredients that can form thermoplastic films [98]. 

This effect can be obtained by using some proteins or starch [106]. 

8. Forms of Quality Control in MAP Packaging 

The correct concentration of gas mix inside packaging, or just the right gas, is only 

one of a few aspects which can ensure correct conditions inside the packages and the cor-

rect packaging process. To be sure that, there are no errors or any damage in any point of 

the process, the operator has to check the final result of the packaging process, which is 

the finished package. The random inspection of finished packaging is visible in Figure 7—

it is a destructive test. In terms of the final results, it means the concentration of gas mix 

or the correctness of the gas used. Of course, it is always the market that does not like 

vacuum packaging, and it is easy to measure gas mix concentration in the industry con-

dition via a special tool called a gas analyzer. Thanks to this device, operator or quality 

department officers can compare the concentration of gas mix in the inlet and outlet of the 

packaging process in a really fast and easy way. When we obtain the same gas mix in the 

sample testing packages which led to the packaging machine, it means that there were 

probably no damage or errors in the packaging process. We can mark out three methods 

of measurement via gas analyzer which we can use on sample packages. The first method 

is called sample mode, where a gas analyzer, via a small needle, punctures the sample, 
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and after a few seconds, we receive the reliable and fast result of the measurement. In the 

case of the food industry, usually, the MAP gas mixture contains CO2 and O2, and that is 

why the analyzers available on the market are able to measure these components of MAP 

gas mix. In most cases, infrared cards have been used to measure the CO2 in gas and were 

characterized by quite a low price and suitable measurement accuracy. To measure the O2 

concentration, the most popular methods are electrochemical sensors which work like a 

battery and have to be replaced every 1–2 years for a new one; fortunately, they are quite 

cheap. Another way to check the concentration of O2 is by using paramagnetic or zirco-

nium sensors, which may have better accuracy and have other advantages but are more 

expensive compared to electrochemical sensors. On the market, it is possible to find many 

different models of gas analyzers, but one of the best ones produced by a company with 

many years of experience in the field of gas measurements is an analyzer named Oxy-

baby—the product of Witt Gasetechnik Company located in Witten in Germany. The big-

gest advantage of this device is that we can use it directly on the production line with one-

handed operation because it is a mobile tool with low weight and battery power supply. 

Furthermore, the measurement results can be stored on a micro-SD card and can next be 

used to create a quality report or kept for future from auditors’ use. Using sample methods 

of measurements, it is much easier to find any incompatibilities in the production process 

and react quickly so that inconsistent products are not on the market. The manufacturer 

gains confidence that their products meet the highest quality and only reliable and tested 

products reach the customers. Nowadays, it is almost impossible to produce products in 

the food industry without the correct procedure of gas mix analysis and without reliable 

tools such as gas analyzer devices. Of course, we have to remember that this kind of meas-

urement via a needle is a destructive kind of measurement (Figure 7a) and after the test, 

the package cannot go back to the production line and has to be repacked. 

There is also a possibility, with use of an analyzer such as this one above, to make 

sample measurements in overpressure samples such as bottles of sparkling water or cans 

(Figure 7b). To do this specific test, special equipment is required, which is a special stand 

that keeps the bottle in a vertical position, and it is pierced via a special bold needle. 

Thanks to this equipment, it is possible to check the rest of the O2 or CO2 concentration. 

Another measurement method is checking of the continuous gas mix via a lance or 

overpressure inlet. This method is used in the most cases with connection with packaging 

machines and directly ensures the measurement of the gas mix before packaging ma-

chines or devices such as vacuum machines are used or measurement gas mixes are added 

in the process for a device such as a flow pack machine. The difference between sample 

mode and continuous mode is caused by the use of a different type of analyzer. In the 

sample mode, we use a mobile analyzer; for the continuous method, we can only use table 

devices which are not so mobile but have any other advantages, such as the possibility to 

use more types of O2 sensors such as zirconium and paramagnetic sensors which are char-

acterized by better accuracy and longer lifetimes. Despite this, these devices will be able 

to be equipped more readily in the future, such as in fully automatic calibration or special 

relays which can be switched when set limits are exceeded. Analyzers such as, for exam-

ple, PA7® (Figure 8) can be connected with packaging machines to stop production in the 

case of any damage or when the concentration of gas mix reaches unacceptable values. 

An opportunity like this provides a very high level of quality and ensures that every prod-

uct which goes out from the line is preserved by the unique and correct MAP gas. 
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Figure 7. Random needle control. Sample mode analyzer, Oxybaby®®®: (a) container control, (b) 

bottle control, reprinted with permission from WITT Polska. 

 

Figure 8. Continuous mode analyzer PA7®, reprinted with permission from WITT Polska. 

The actual state of the art in the food industry and gas measurement technology en-

sures an even more advanced method of checking concentration where the measurement 

is non-destructive. In this type of measuring method, a laser beam is used (Figure 9). The 

measurement principle is based on counting the times the laser beam passes through the 

package containing gas such as O2 or CO2. Unfortunately, despite many advantages, this 

method also has a disadvantage and can be used only with transparent packages and 

should contain the right amount of MAP gas. An example of a device like this is Ox-

ybeam®, which was produced by Witt Gasetechnik, a company from Germany which is 

the leader and trends setter in terms of MAP gas measurement. 
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Figure 9. Non-destructive method of O2 or CO2 measurement by Oxybeam®®® analyzer, reprinted 

with permission from WITT Polska. 

The next step in quality control to ensure fresh product is perfect packaging in pack-

aging control and leak detection in packages. Only tight “packs” can protect products in-

side packages such as film packs, bags, bottles, sachets, or any other component for a long 

time. Furthermore, if a packaging system contains defects, channels can be created in the 

packaging, and microorganisms can ingress through the channels, affecting the safety of 

the product [38]. 

If packaging and components leak, the consequences can be fatal, so a simple way of 

eliminating this risk is to use a water bath to detect every leak and to find out where every 

leak originates from, if they exist. A system like this enables the detection of even the 

smallest of leaks in any products, packaging, and packs. The testing products can be food 

items (even without MAP gas mix or vacuum products), electronic items such as lights for 

automotive, pharmaceutical products, bubble wrap, bottles (including glass products), or 

any other packs created from PET. With this device, it is possible to test the vacuum pack-

ages, which was mentioned previously. The principle of operation is extremely simple 

and cost-effective: the test pack has to be inserted into a chamber which is filled with wa-

ter. This is shown in Figures 10 and 11. The compressed air connected to this device pushes 

air out from the space over the water level to evacuate it from the device. In the points 

where leaks exist, the under pressure causes the escape of air or filling gas, which leaves 

the package toward to lid of the testing chamber, visible in the form of air bubbles. 

 

Figure 10. Leak detection by Leak Master Easy®®® device, reprinted with permission from WITT 

Polska. 
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Figure 11. Leak detection in a bag/pouch (a) and bottle (b), reprinted with permission from WITT Polska. 

One of the biggest advantages of the leak detection system is the possibility to check- 

if there are any leaks, and if where they are, in a quick and easy way. An advantage like 

this is really important, especially for technologists, because it provides a very fast reac-

tion and makes it possible to make changes in the production process in the case of any 

abnormality. What is important is that on the market, it is easy to find the right-sized 

chamber to compare the dimensions of the sample being tested. The system can be 

equipped in an electronic control module where all results of measurements can be stored 

and kept for future quality reports or just for production and auditors’ use, which is the 

same as in the case of analyzers. 

“Industry 4.0” assumptions assume automatic, continuous, and complete data ex-

change between individual cooperating systems; therefore, companies wishing to find 

themselves in the era of total digitalization and competing with the world’s largest brands 

must introduce extremely technologically advanced devices and processes that guarantee 

that existing cyber–physical systems can control physical processes and create a digital 

copy of the real world for real-time communication between themselves and people. 

To meet the above requirements, one company has created an extremely modern de-

vice that controls 100% of packaging production in terms of its tightness, with the accu-

racy of leak detection up to 0.02 mm. The device created under the name Leak Master 

MAPMAX (WITT-Gasetechnik GmbH & Co KG, Witten, Germany) (Figures 12 and 13) is 

implemented directly in the production line right after the packaging machine so that each 

of the manufactured parcels is tested, and the product coming down from the production 

line meets the requirements of the highest quality standards. Furthermore, this device 

fully meets the objectives of “Industry 4.0” through continuous product control and the 

archival of measurement data, which are then passed to the server of quality results, 

which both in real-time and in the historical crack not only testify to the correctness of the 

production process but help to improve this process [7]. 

  

Figure 12. 100%, non-destructive control of packaging tightness in-line device Leak Master MAPMAX®®® (interior), re-

printed with permission from WITT Polska. 
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Figure 13. Non-destructive 100% control of packaging tightness, in-line device Leak Master MAP-

MAX®, reprinted with permission from WITT Polska. 

Going further towards the assumptions and requirements of the current technologi-

cal revolution, the device has implemented an extremely advanced algorithm that makes 

almost a real-time decision about the correctness, or lack thereof, of packing of a particular 

package. It ultimately translates into an intelligent decision to leave a given package on 

the production line or to remove it as a defective product [7]. 

Thanks to the use of this device, the manufacturer can not only control the tightness 

of individual packages, but also can make sure that their product is of the highest quality 

and will not lose even a part of its value through the inappropriate atmosphere surround-

ing the product, which may occur in the event of leakage of the packaging, and which this 

is intended as a barrier between the assumed protective atmosphere inside and what is 

outside the packaging [36]. As can be read in any other publication, future development 

work focused on an automated 100% on-line non-destructive leak tester, especially for 

vacuum packages, would certainly be of interest to the food industry. Leak testing of vac-

uum packages requires the highest possible sensitivity, since only minor amounts of tracer 

gas can be added in vacuum packages [37]. 

9. Summary 

Food packaging and packaging systems are developing dynamically, which is con-

tributed to by global trade and growing requirements as to the quality and shelf-life of 

products. Most food products are perishable and perish very quickly, which results in the 

use of complex, multi-layer packaging and modern control systems. Food packaging very 

quickly becomes a nuisance waste; therefore, techniques should be developed to minimize 

product losses, which will allow a reduction in the amount of packaging used. 

In terms of food packaging, one of the very attractive directions of study is the use of 

polymer films and MAP protective gas atmospheres. MAP packaging requires specific 

control methods. Traditional methods are random and require the destruction of the pack-

aging. The product is lost or needs to be repackaged, resulting in food and polymer wast-

age. Modern methods for the non-invasive control of 100% of products on the technolog-

ical line are more and more often used. These are advanced techniques that require in-

vestment outlays, but large, modern industry, especially integrated with Industry 4.0, is 

where they find their place. 

The use of appropriate gas mixtures in combination with modern control methods 

and maintaining cooling conditions throughout the supply chain allows for measurable 

shelf-life elongation. Thanks to this, product losses in trade are significantly reduced and 

at the same time, food waste by final consumers is reduced. Therefore, packaging innova-

tions can reduce the environmental impact of food and polymer waste by prolonging 
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shelf-life and reducing waste amounts along the distribution chain and at the household 

level. 

Another important direction for research is the development of intelligent packaging. 

By monitoring the condition and quality of the packaged product and the ability to com-

municate with the consumer (or their smartphone), it is also an important source of re-

ducing product losses, and thus the number of packages. Nevertheless, smart packaging 

often requires advanced materials and sometimes even a flexible screen or power supply, 

which can be ecologically troublesome. 
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