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Various categories of food packaging indicators namely; VTT, Ageless Eye, Mocon, Åbo 

Akademi and Impak were selected and incorporated into food trays manufactured at LUT 

packaging laboratory. Each of these food packaging indicators was used to investigate (visually 

and qualitatively) the transmission of oxygen through the seal, and tray material, as well as to 

detect microbial activity within the content of the package.  

 

Applications of different methods of gas flushing, content variation and introduction of two 

distinct levels of oxygen scavengers were employed as treatments to evaluate the packaging 



 
 

performance of the food packaging indicators. Ease of handling of each food packaging 

indicator was also taken into considerations. 

 

Findings showed that for packages, which contained chicken product, the amount of oxygen in 

the package, measured immediately after the sealing operation on the first day gradually 

decreased to zero percent by the third day of the storage period. The oxygen level remained at 

this point throughout the duration of storage for the chicken packages. Besides, level of oxygen 

in the packages without product continued to increase with the storage time, at moderate rate of 

0.1% for 100%N2 and 0.3% for 30%CO2/70%N2 empty packages. More carbon dioxide gas was 

recorded for packages flushed with 30%CO2/70%N2. 

Results also revealed that visual analysis of one of the color indicators for example Ageless Eye, 

conformed to the data derived from the luminescence food-packaging indicator. This shows that 

packaging operation of the packaging line was considerably stable, and efficient with negligible 

exception. 

 

However, it was found that most of the food packaging indicators investigated in this research 

study exhibited considerable packaging challenges, such as, reaction with the content of the 

package (Impak); over sensitivity (Åbo Akademi and Impak); ease of handling problem (Åbo 

Akademi); and ease of activation problem (VTT indicators). 

 

In this study, the strengths and limitations of different indicators were analyzed. This study 

demonstrates the applicability of various indicators in MAP using chicken package application.  
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1 INTRODUCTION 

 

 

Consumption of products would not be so easy and comfortable without the packages and the 

handling, distribution and storage possibilities packages can provide (Brody, 1999, p. 233).  

Manufacturers of products with diverse forms, dimensions, and geometry engage packaging to 

protect their products from the outside world and to be used as advertisement and to disseminate 

information to end users or potential customers (Poças, 2001, pp. 197-198). Packages are also 

intended to supply the end user with immense comfort and time saving for example convenience 

(Robertson, 2009, p. 2; Heldman & Lund, 2006, p. 849).  

 

The various levels of packages are normally differentiated from each other depending on the 

first hand purpose of their application. A package that acts as the immediate accommodation of 

the products as well as responsible for the immediate safe guarding of the products is known as 

primary package (Brody, 1999, p. 234). Examples include metal cans, paperboard, aluminum 

foil, polymer films, biodegradable films, glass etc. A secondary package houses many primary 

packages and acts as the visible circulation container to move the products from the wholesale 

stores to the retail shops. In addition, it aids in exposing the products on the retail shelf. A tertiary 

package e.g. stretch wrapper on the pallet, contain considerable amount of secondary packages 

(Brody, 1999, p. 234) and it enables the product to be transported from manufacturer depot to 

the wholesales or a distributor location (McDowell & Kirwan, 2003, p. 174). The packages that 

perform regional, local, domestic and global delivery and movement of products is known as 

the quaternary package. This kind of packages aid in transporting of products, from the 

manufacturer warehouse to the manufacturer depots located across different places around the 

world. It includes trucks, cargo, shipping containers etc. (Robertson, 2009, p. 2). 

 

Hence, before a product exit the dockyard of the manufacturer, its overall quality needs to be 

assured and guaranteed (Ahvenainen, 2003, p. 275; Bengtsson & Ohlsson, 2002, p. 87). Unlike 

the other levels of package, primary package plays a key role, more than the succeeding 

packages in ensuring that the product get to the table, kitchen, refrigerator, and store of the final 

consumer unharmed (Heldman & Lund, 2006, p. 853). Therefore, the quality and integrity is of 
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utmost importance in safeguarding the nutritional characteristics, hygiene, aroma and sensory 

quality of the product (Goyal, 2003, p. 157; Puligundla, Jung & Ko, 2012, p. 328). 

 

During the manufacturing process of products, primary packages are often introduced during 

the latter stages of the processing activities generally known as packaging stages such as 

forming, filling and sealing to combine with the final product after processing (Manuer & Ozen, 

2004, p. 103; Fellows, 2000, p. 474). In order to ensure the quality of the packed food exiting 

the factories, packaged food manufacturers consistently arrange rigorous tests which are 

performed on the primary packaging materials before its being used or introduced into 

packaging stages (Akers, Larrimore & Dana, 2003, p. 283; Goyal, 2003, p. 157). Analysis, such 

as permeation tests conducted on a flat laminate with a MOCON instrument or other permeation 

instruments are used (Kass & Duncan, 2010). Another quality structure put in place are 

quantitative or qualitative tests on the packaged products that include visual checking and testing 

with laboratory instrument that typically rely on routine sampling of typical packaging lines. 

Here, the trained quality personnel randomly select the packed food in 300-400 packages. The 

lot is taken off-line after the sealing process to ascertain the integrity and safety, using expensive 

analytical systems such as an FT-IR and/or GC/MS which are majorly destructive techniques 

requiring huge amount of time and effort to accomplished (Mills, 2005, pp. 1003-1010; 

Ahvenainen, 2003, p. 275). Also, portable packaging integrity analyzers are generally non-

destructive techniques but their practical application is limited in real-time, on-line control of 

packaging processes or large sale applications (Kerry, O'Grady & Hogan, 2006, pp. 113-125). 

This output can be used to judge the general consignment of the product in the output pool. In a 

situation the package is found to  compromise its integrity or has been faulty sealed, all the 

packages in the output pool will be considered defective and categorized as unsafe which will 

either be reject for example scrapped or repaired for example repackaged (Mills, 2005, pp. 1003-

1010). 

 

However, despite all the quality protocols and procedures, incidents of food poisoning because 

of consuming contaminated food product are still widespread (Kerry & Buttler, 2008, p. 104). 

Hence, guarantee of quality of the complete production batch is becoming a necessity because 
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much emphasis is being focused on high quality and safety of the food product (Bengtsson & 

Ohlsson, 2002, p. 87). 

 

Alone, packaging integrity tests and the product quality assurance in food processing systems 

are inadequate to show any impairment developed after the product has left the processing plant 

(Feliciano, 2009; Ahvenainen, 2003, p. 275).Ascertaining the package integrity throughout the 

whole distribution channel from the manufacturer to the consumer, therefore, can be best 

addressed through the attachment of indicators to the packages (Bengtsson & Ohlsson, 2002, p. 

87).  

 

Furthermore, changes in affluence, taste and civilization has led the general populace to demand 

for pre-packed products that are well suited to their needs (Ahvenainen, 2003, p.14; Ahsen, 

Aslıhan & Taner, 2013 Kerry & Buttler, 2008, p. 233; Clark, 2013, pp. 141-152). As a result of 

this, food engineers, scientists and packaging engineers have reacted to the changes to meet up 

with the demands. Highly competitive mixes of logistics, trading, marketing and customer 

service expertise all of which is based on quality packaging includes parts of their achievements. 

The increase in volume of different types of products availability is the main driving force 

motivating them through the application of new technological innovations (McDowell & 

Kirwan, 2003, p. 7). 

 

Naturally, packages are fabricated in such a way that environmental negative impact on food 

are placed on hold for the time being, thereby extending the products shelf life, slowing down 

deterioration activity as well  as maintaining the quality of food products (Brody et al., 2008, 

pp. 107-112; Kerry & Buttler, 2008, p. 234; Kerry & Buttler, 2008, p. 99). 

 

Notable environmental and food inherent influence that affects product qualities includes 

moisture, oxygen, microorganisms, enzymatic activity, and chemical degradation etc. Other 

such as light, temperature, pressure, and relative humidity are known to act as catalysts for the 

former (Robertson, 2009, p. 22).  Concisely, oxygen, moisture and other gases are very crucial 

to products life span whereby depending on their concentration, they are responsible for the 

population and growth of microbial colonies, and they accelerate both biochemical and chemical 
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reactions within food products. Virtually, this depicts food spoilage and deterioration. Likewise 

responsible are gases present in the ambient environment of the products inside the primary 

packages. According to research and development, control and adjustment of the ambient 

environment inside the package will not only avoid spoilage but will extend the products´ 

lifespan (McDowell & Kirwan, 2003, p. 304). In a nutshell, the result is the fabrication of 

packages that are innovatively modified and atmospherically controlled as well as equipped with 

active and intelligent packaging solutions (Ahvenainen, 2003, p. 20; Brody, 2006). 

 

Active packaging entails the regulation aspects that are responsible for the shelf life of packaged 

foods (Ahvenainen, 2003, p. 15; Brody, 2006; Robertson, 2009, p. 367). These include 

physiological processing, chemical, biological or microbiological and biological infestation 

through the application of active packaging principles based on the requirement of the packed 

foods (Poças, 2001, pp. 197-198; Kerry & Buttler, 2008, p. 100). Active packaging techniques 

for prolonging the food products lifespan and ensuring safety are classified into three groups; 

absorbing agents (scavengers), releasing agents and the rest placed under the other agent’s 

category (Brody, Strupinsky, & Kline, 2001, p. 1; Ahvenainen, 2003, p. 15; Sun, 2011, p. 821; 

Goyal, 2003, p. 56). 

 

On the other hand, intelligent packaging deals with packages that are incorporated with chips 

during their design to be used for quality control of packed products (Yezza, 2009; Sun, 2011, 

p. 839). These chips are incorporated into packages to monitor the condition of packed products 

by giving information about the quality of packed foods during storage, distribution and 

transportation (Poças, 2001, pp. 197-198). They are known as indicators and can be either fixed 

externally or internally depending on the functions they are to perform (Ahvenainen, 2003, p. 

20; Otles & Yalcin, pp. 1-2; Ahsen, Aslıhan & Taner, 2013). 

 

Finally, modified atmosphere packaging (MAP) is a technique whereby the original ambient 

environment /atmosphere in primary package is replaced with another atmosphere that has 

different gas composition from that of the air (Goyal, 2003, p. 57; Ahvenainen, 2003, p. 273). 

The gases mainly used are carbon dioxide, for inhibiting antimicrobial activity and nitrogen. 

Usually, oxygen volume is reduced in the package headspace below 1-2% or even down to 0.2% 
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and replaced with nitrogen and/ or carbon dioxide (Goyal, 2003, p. 42; McDowell & Kirwan, 

2003, p. 306). Likewise, high oxygen concentration at 20% or above is used to inhibit 

microorganism growth through oxygen shock and nitrogen which is an inert gas to balance 

equilibrium of atmospheric pressures. Application of oxygen above 80% will lead to an 

explosion risk (Bengtsson & Ohlsson, 2002, p. 68; Ahvenainen, 2003, p. 274). Hence, this 

concept has made MAP a potent and proven technology to increase the shelf lives of various 

food products beyond the initial keeping time of conventional packages (see table 1) (Robertson, 

2009, p. 55). 

 

Table 1. Typical shelf lives of some common foods with and without MAP (Mills, 2009, p. 371). 

Food Lifetime/days (Conventional 

packages) 

Lifetime/days 

(MAP) 

Beef 

Pork 

Poultry 

Bread 

Coffee 

4 

4 

6 

7 

1 

12 

9 

18 

21 

350 

 

However, there is concern about the reliability of these principles due to a lot of things that 

might go wrong particularly during the processing, packaging and distribution phase (Feliciano, 

2009). Thus, raw material and on line materials mishandling and unhygienic food machinery 

can have significant impact on the overall quality and safety of packed foods especially if the 

packaged integrity is not maintained (Dilbaghi, Sharma, & Sannabhadti, 2007, pp. 1-42). 

Improper gas flushing of the package with inert gas can result in a reasonable amount of the 

residual gas still occupying the product headspace which might affect the product. As earlier 

stated this residual gas concentration may escalate through leakage in sealing and unchecked 

permeation through the package material from the surrounding (Mills, 2005, pp. 1003-1010). 

The leakage might have occurred as a result of processing operations such as over stretching of 

packaging material during printing, lamination; flex cracking as well as retorting and 

sterilization (Kass & Duncan, 2010).  
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Hence, in order to overcome this problem and ensure the integrity of the packed foods, a high 

level of quality assurance which is inexpensive, quick and efficient is needed (Bengtsson & 

Ohlsson, 2002, p. 88). 

 

Means of examining the complete and whole packages focusing on testing which is dedicated 

to each individual containers or packs are preferred (Kass & Duncan, 2010). This less than 

unacceptable circumstance has echoed the need for reliable, simple indicator equipment for food 

industries (Kerry, O'Grady & Hogan, 2006, pp. 113-125; Ahsen, Aslıhan & Taner, 2013). These 

inexpensive indicators should be able to show that the package is intact and that gases ingress 

or outgress is insignificant (Kohl & Wagner, 2014, p. 279). As the product consignment is 

leaving the factory, the indicators arrangement would provide the food processors with total 

quality assurance and guarantee as well as act as tamper-evidence to the food retailer and boost 

the consumers’ confidence for safety of the product and freshness of the food inside (Pavelková, 

2012, pp. 282-284; Ahvenainen, 2003, p. 14). Thus, this research work is focusing on different 

types of indicators used in food industry. There exists distinctive limitations and strengths 

between indicators and thus, a thorough analysis of their important features and characteristics 

utilizing both quantitative and qualitative procedures are done. 

 

1.1 Food packaging 

Food package denotes the medium that secures transfer and distribution of products to the final 

end user in a healthy state free from danger and harm at an affordable price. Also, packaging 

represents the channel through which the consumer receives their consignment free from danger 

and harm in good condition at cheap cost (Robertson, 2009, p. 4). 

 

 It is a well arranged network of making products ready for transportation, distribution, storage, 

retailing and end-use. Application of technical and commercial aspects are targeted while costs 

involved in supply should be minimized and sales maximized (McDowell & Kirwan, 2003, p. 

8). 
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1.1.1 Roles of packaging  

Packaging plays vital roles in preservation and protection of food products. Four basic and 

interrelated roles of packaging have been recognized: containment, protection, convenience and 

communication (Robertson, 2009, p, 2).  

1. Containment of food: The products need to be enclosed before they can be transferred from 

one point to another. The package is based on products physical dimensions and form. 

2. Protection: The product must be guarded from mechanical damages such a bruise due to 

hazards of distribution. 

3. Preservation: Preservation means slowing down or inhibiting chemical activities (Brown, & 

Hall, 2008, pp. 109-132), biochemical change and microbial attack. 

4. Information: This includes information about the product, product composition and 

nutrients, legal requirement instructions on usage, manufacturer address, quantity such as 

weight etc. 

5. Convenience: Unitizing ability and easy dispensability; easy utilization such as precooked 

food that needs minimal heating periods etc. (Kerry & Buttler, 2008, p. 234). 

6. Communication: As a mean of advertising and marketing to influence consumer decisions 

in the markets or stores through the use of typo graphical elements, symbols, and  visual 

appeal 

7. Environmental responsibility: Entails the environmental orientation of packages when it 

comes to manufacturing, use, re-use, recycling and final disposal (McDowell & Kirwan, 

2003, p. 8). 

 

1.2 Shelf life 

The period during which a combination of food processing and packaging can retain 

satisfactorily the eating quality under the exact structure by which the food is distributed in the 

casings and the circumstances of retail is defined as the shelf life of the product (Stringer & 

Dennis, 2000, p. 259; Robertson, 2009, p. 378). 

 

As marketing tools, extended shelf life can be exploited by promoting newness. Also, a long 

shelf life allows both retailers and consumers to minimize food wastage risk when there is 

enough time available for them to use the products. Shelf life of any products can be defined 
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according to the period during which important properties attributed of the food remain intact 

or a period during which foods stay on retailer or consumer shelf before becoming unacceptable 

(Robertson, 2009, p, 20; Sun, 2011, p. 732; Sun, 2011, p. 632). 

 

Product shelf life is denoted by either best before date or use by date. The date until which the 

product maintain its specific uniqueness when properly stored can be referred to as the date of 

minimum durability (Goyal, 2003, p. 73). The special condition and handling conditions with 

minimum durability date underscores the concepts of food products shelf life. However, use-by 

date is mostly used for highly perishables foods. This approach is based on a microbiological 

viewpoint which can cause immediate negative impact on human health (McDowell & Kirwan, 

2003, p. 68; Brown, 2008, p. 573). 

 

Both processed and raw food products are grouped into two distinct classifications with respect 

to shelf life, fresh or perishable products and shelf stable or semi perishable products. New 

products have a shelf life spanning between few hours to several days based on the storage 

conditions such as temperature, relative humidity etc. Examples of such food items are 

refrigerated products e.g. pasteurized milk (Stringer & Dennis, 2000, p. 260; Robertson, 2009, 

p. 260; Robertson, 2009, p. 340). 

 

In contrast, shelf stable products are preserved for many weeks or months at room temperature 

(Robertson, 2009, p. 128).  However, packaging has a key role in the preservation of either of 

the two classes of food products (Patel, 2003, pp. 73-81; Goyal, 2003, p. 89). 

 

1.3 Factors controlling products shelf life 

There are key attributes that determine the shelf life of many food products. The knowledge of 

these factors is essential in order to develop changes in quality and maximize the development 

and maintenance of desirable properties (McDowell & Kirwan, 2003, p. 68; Robertson, 2009, 

p. 378). 
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The shelf life of foods is controlled by three factors, namely 

1. Product composition including formulation, processing, etc. which make up the intrinsic 

factors (Stringer & Dennis, 2000, p. 261; Brown, & Hall, 2008, pp. 109-132; Kerry & 

Buttler, 2008, p. 10; Reddy & Prajapati, 2007, pp. 1-31). 

2. Environment of the product for example extrinsic factors, which are critical to storage 

stability coupled with the temperature of storage. Product environment is the basis of the 

active packaging as well as modified atmosphere packaging. This is informing about 

environmental influence and conditions which food products has experienced during 

storage, distribution, transportation, handling, retailing etc. 

3. Properties of the package; packages can have a notable effect on many extrinsic factors and 

thus indirectly altering the rates of deterioration reactions (Kerry & Buttler, 2008, p. 9). Gas 

permeation properties are important for both modified atmosphere packaged foodstuffs, 

fruits and vegetables as well as long shelf life foods obtained through in-package thermal 

processing or aseptic packaging with sterilization treatment (Stringer & Dennis, 2000, p. 

261, 2000, pp. 260-283). Also, packaging attributes may strongly influence the desired shelf 

life of the intermediate moisture of food products which are made shelf stable through the 

water activity manipulation (Patel, 2003, pp. 73-81; Robertson, 2009, p, 20). 

 

Regardless of the shelf life lowering factors for example whether the product is subjected to 

microbial spoilage or physiochemical degradation, the major critical elements responsible for 

the shelf life are the package characteristics in terms of barrier attributes coupled with the 

storage circumstances with regard to temperature (Stringer & Dennis, 2000, p. 261; Manuer & 

Ozen, 2004, p. 126) (see figure 1). Thus, shelf life of a packaged food is a function of the storage 

temperature and the attributes of the packaging material ((Patel, 2003, pp. 73-81; Robertson, 

2009, p. 378). 



21 
 
 

 

 

Figure 1. Parameters affecting food quality (Yildirim, 2011). 

 

1.3.1 Intrinsic factors 

Intrinsic properties involves physical and chemical activities taking place within the packaged 

food products leading to negative consequences that limit the keeping time of the products 

(Berk, 2009, p. 351; Adams & Moss, 2000, p. 21; Brown, 2008, p. 109; Dilbaghi, Sharma, & 

Sannabhadti, 2007). 

  

Water activity 

This is the proportion of the water vapor pressure in food to the vapor pressure of pure water at 

the same temperature. The status of water in a food can be most usefully described in terms of 

water activity (aw) as the function of equilibrium relative humidity (ERH) of the food system 

(Goyal, 2003, p. 66; Goyal, 2003, p. 137). 

 

ERH = aw* 100      (1)   

                                                                       

where aw = P/P0, P is the vapor pressure of water exerted by the food, P0 is the saturated vapor 

pressure of the pure water at the same temperature. 

 

Water can be part of the chemical reaction in different ways such as reactant or solvent when it 

dilutes the substrate by reducing the reaction rate.  It controls the mobility of the reaction by 

affecting the food systems viscosity, establishment of hydrogen bonds and formation of complex 

compounds with the reactant. Food attains equilibrium relative humidity when placed in an 

environment under constant relative humidity and temperature. A practical aspect of aw 
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essentially entails controlling of negative chemical and enzymatic processes that affects foods 

shelf life (Goyal, 2003, p. 120).  Acceptable findings reveal that the rate of changes in foods 

properties can be minimized or speeded up over a wider range of aw. Slight variations in it can 

lead to tangible differences in aw rate of reactions (Goyal, 2003, p. 68; Robertson, 2009, p, 20). 

There is the minimum value of water needed for each microorganism, thus, below this value 

microbes cannot grow, form spores, produce toxic metabolites hence the growth is impaired if  

aw is lower than the minimum value (Berk, 2009, p. 351) (see figure 2 and table 2). Mostly, 

fresh foods have aw that is above 0.99 (Dilbaghi, Sharma, & Sannabhadti, 2007, pp. 1-42). 

 

 

Figure 2. Water Activity (Robertson, 2009, p, 21). 

 

The plot of equilibrium moisture content and the corresponding water activity or relative 

humidity at constant temperature is known as a sorption isotherm graph. The sorption isotherm 

graph is helpful in assessing food stability and choosing the right package for the product 

(Robertson, 2009, p. 21). Several uses of water activity includes; regulating the chemical 

stability of foods, abating non enzymatic browning reactions and spontaneous autocatalytic lipid 

oxidation reactions, lengthening the activities of desired enzymes and vitamins in foods, protein 

denaturation, growth of microorganisms and enhancing the physical attributes of foods such as 

texture (Dilbaghi, Sharma, & Sannabhadti, 2007, pp. 1-42; Kerry & Buttler, 2008, p. 179). Thus 

water activity is directly proportional to temperature at constant moisture content (Goyal, 2003, 

p. 68; Robertson, 2009, p. 21). 



23 
 
 

 

Table 2. Minimum water activity values of spoilage microorganisms (Dilbaghi, Sharma, & 

Sannabhadti, 2007, pp. 1-42). 

Microbial group  Minimum aw Examples 

Most bacteria  0.91 Salmonella spp., Clostridium botulinum 

Most yeast  0.88 Torulopsts spp 

Most molds  0.80 Aspergilllus flavus 

Halophilic bacteria  0.75 Wallemia sebi 

Xerophilic molds  0.65 Aspergillus echinulatas 

Osmophilic yeast  0.60 Saccharomyces bisporus 

 

pH 

The degree of acidity and alkalinity of a substance is known as the pH or hydrogen ion 

concentration. The acidity of a product can exert significant consequences for the microbial 

natural balance (see tab 3), and the degree and mode of its decomposition (Berk, 2009, p. 351). 

An organisms’ growth pH range follows three principal phases: the minimum pH, under which 

the organisms’ growth is impossible, the maximum pH, beyond which the organisms’ growth is 

impossible, and the optimum pH, at which the organism germinate most excellently. As 

presented in table 4, pH of vegetables is mostly averagely acidic and thus damaged by soft-rot 

producing bacteria such as Erwinia carotovora and pseudomonads, while in fruits, a lower pH 

inhibits bacterial growth and spoilage triggered by yeasts and molds. Also, meat under chilled 

conditions is more stable in comparison to fish placed in similar conditions. The pH of meat 

(5.6) is lower than that of fish (6.2-6.6) and this phenomenon partly explains the extended 

keeping time of meat (Stringer & Dennis, 2000, p. 158). However, it can be deduced that the 

natural or inherent acidity of food is nature’s approach of shielding the individual plant or animal 

tissues from microbial activities (Berk, 2009, p. 352). Thus, preservation of foods with acetic 

and lactic acids is an old technique intentionally utilized through the ability of low pH to restrict 

microbial growth (Dilbaghi, Sharma, & Sannabhadti, 2007, pp. 1-42).  
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Table 3. Approximate pH ranges of spoilage microorganisms (Dilbaghi, Sharma, & 

Sannabhadti, 2007, pp. 1-42). 

Microorganisms Minimun Optimum Maximum 

Most bacteria 4.5 6.5-7.5 9.0 

Yeasts 1.5-3.5 4.0-6.5 4.0-6.5 

Molds 1.5-3.5 4.5-6.8 8.0-11.0 

 

Table 4.Approximate pH ranges of some common food commodities (Dilbaghi, Sharma, & 

Sannabhadti, 2007, pp. 1-42). 

Product pH 

Citrus fruits 2.0-5.0 

Soft drinks 2.5-4.0 

Apples  2.9-3.3 

Bananas 4.5-4.7 

Beer oxygen 3.5-4.5 

Meat 5.6-6.2 

Vegetables 4.0-6.5 

Fish (most spp) 6.6-6.8 

Milk 6.5-6.8 

Wheat flour 6.2-6.8 

Egg white 6.2-6.8 

Fermented shark 10.5-11.5 

 

Oxidation 

Some chemicals in food undergo oxidation reaction resulting in changes to the food color, 

flavor,nutritional status and to a large extent to the physical characteristics of foods. Thus, this 

reduces the shelf life and in some cases promotes the desired product characteristics (Berk, 2009, 

p. 352).  
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Each food product requires a given dosage of oxygen for quality changes. (Vickie & Elizabeth, 

2008, p. 425).  

 

According to table 5, it has been revealed that oxygen has a different spoilage effects on different 

food products. Fatty-foods such as milk, snacks, fish, meat, etc. particularly those that are rich 

in high percentage of unsaturated fatty acids, easily undergo oxidation (Berk, 2009, p. 352). 

Natural occurring antioxidant or artificial antioxidants can be used to slow down the rate or to 

increase the lag time to the onset of the rancidity process. Deteriorative attributes associated 

with lipid oxidation are characteristics stale, rancid and cardboard odor. Packaging is important 

for both preventing and controlling or containing oxygen at the level most suited for a particular 

product (McDowell & Kirwan, 2003, p. 70). 

 

Table 5. Oxygen effect on food quality (Yildirim, 2011). 

 

Food group Water activity Effect Examples 

Bakery 

products 

aw (0.85-0.95) Mold growth Soft cakes, muffins, bread, biscuits, 

pizza and cheese cake 

Fish products aw< 0.8 Oxidation (o)/ 

discoloration (d) 

Dried salmon, dried sardines, sliced 

salmon, dried cod, dried seaweed 

 aw (0.6-0.9) Oxidation/discoloration, 

mold growth 

Smoked salmon (0.8), dried octopus, 

dried bonito 

Meat and deli 

products 

 

 

aw> 0.8 Oxidation/rancidity (or) 

Discoloration (d), Mold 

growth (mg) 

Pizza crust (mg), pizza (mg, d), fresh 

carved sausages (or),  cooked 

hamburgers (d,r),sliced salami (d), 

ham (d) salami sticks (d) 

Others                Peanuts (or, aw<0.3), smoked cheese (0.9, o, mg), green tea (<0.3, o), flavored                                                         

tea (<0.5, o), milk powder (<0.3, or), dry snacks, dry pet foods, cheese, nuts 

Most bacteria cannot grow < aw: 0.91 

Yeast cease growing at aw: 0.85 and molds aw: 0.81 
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Biochemical activity 

Respiration is a metabolic process that is being coordinated and managed by biochemical 

entities in the living cells. Products such as fruits and vegetables carry out respiration activity 

and this have consequences on their shelf life (Berk, 2009, p. 352; Heldman & Lund, 2006, p. 

945). Since respiration involves conversion of sugar in the storage organs to generate energy it 

may result in metabolic collapse, fast ripening, disruptions of cell tissues and consequently 

microbial inversion (Reddy & Prajapati, 2007, pp. 1-31). During respiration in fruits, ethylene 

is produced which directly speed up the ripening process. Temperature control in combination 

with ideal packaging reduces the rate of respiration (McDowell & Kirwan, 2003, p. 70). 

 

Microbiological growth 

Organic material breakdown generally depends on factors such as microorganisms which play 

a vital role in the entire process (McDowell & Kirwan, 2003, p. 32; Stringer & Dennis, 2000, p. 

157). Microorganisms thrive and multiply with respect to time in an exponential way under 

suitable conditions. Whereas, when the condition is not conducive, the multiplication time is 

halted or prolonged (Berk, 2009, p. 352; Goyal, 2003, p. 91; Reddy & Prajapati, 2007, pp. 1-

31). During their activity, in food products, microorganisms utilize the nutrient in the foods, 

they produce by products such as acids, gases, etc. (Brown, & Hall, 2008, pp. 109-132; Sun, 

2011, p. 84) and release extra cellular enzymes such as amylases, lipases, proteases into foods. 

This results in impaired texture, taste, color, odor, flavor and appearance of the products. Vivid 

understanding and knowledge of dealing with microorganisms responsible for spoilage in a 

product is the key to achieve desired shelf life of the product. This requires careful adjustment 

and manipulation of the extrinsic and intrinsic factors of food (Robertson, 2009, p. 21). 

 

1.3.2 Extrinsic factors 

These are mostly storage and environmental conditions resulting in unfavourable impacts on 

packaged food products determining the nature of spoilage and associated safety risk posed by 

the product pp (Robertson, 2009, p. 59; Goyal, 2003, p. 89; McDowell & Kirwan, 2003, p. 40; 

Adams & Moss, 2000, p. 21). 
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Temperature 

The rate of deterioration in a food product is largely dependent on the temperature. 

Microorganisms have been found growing virtually at all temperatures. A particular 

microorganism has a temperature range in which it can grow best (see figure 3) (Dilbaghi, 

Sharma, & Sannabhadti, 2007, pp. 1-42).  

 

 

Figure 3. Effect of temperature on the bacteria growth (Robertson, 2009, p. 68). 

 

Microbial shelf life (ts) of chilled packaged beef estimated from microbial growth model 

parameters. As the time ts for psychrotrophic and lactic acid bacteria is expected to increase by 

103- and 102-fold, respectively. ●: high-barrier poly (vinylidene chloride) (PVdC) vacuum 

package; ■: gas-permeable low density polyethylene air package. 

 

Microorganisms present in food are influenced by the temperature at which they are processed 

and preserved. Temperature has also an influence on food with regard to chemical composition 

and oxidation (McDowell & Kirwan, 2003, p. 74). Packaging materials gas transmission rate 
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can also be influenced by the temperature of food and the surrounding (Stringer & Dennis, 2000, 

p. 79) (see figure 4).   

 

Figure 4. Effect of temperature on the gas transmission rate (Yildirim, 2011). 

 

Relative humidity 

Packages with excellent water vapor barrier properties limit the influence of the relative 

humidity on its water activity (Kerry & Buttler, 2008, p. 23). Relative humidity and water 

activity are interrelated (Robertson, 2009, p. 24). When foods with low aw are stored in an 

environment of high humidity, aw will increase due to water movement from the gas phase into 

the food leading to spoilage by the viable flora (Dilbaghi, Sharma, & Sannabhadti, 2007, pp. 1-

42). Plastics provide good moisture barrier but they are not totally impervious to moisture hence, 

this limit the shelf life of foods with low water activity (Robertson, 2009, p. 24; Goyal, 2003, p. 

121). In order to extend the keeping time of foods that undergo surface spoilage from molds, 

yeasts, and some bacteria they should be kept at low relative humidity conditions. Proper 

wrapping of the food material is another way to achieve the desired effect. However, the 

temperature fluctuation of storage should be insignificant to avoid surface condensation in 

packed foods (Stringer & Dennis, 2000, p. 161; Dilbaghi, Sharma, & Sannabhadti, 2007, pp. 1-

42). 
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Gas atmosphere 

The atmospheric gases around and inside the product considerably influence the growth of 

microorganisms as well as initiation of biochemical reactions (Vickie & Elizabeth, 2008, p. 480; 

Heldman & Lund, 2006, p. 901).  Atmospheric oxygen generally has detrimental effect on the 

nutritive quality of foods and therefore it is desirable to maintain low oxygen content or to stop 

oxygen supply (Berk, 2009, p. 352). However, in case of food products for which oxygen favors 

its freshness, maintaining steady and high oxygen level is ideal. Oxygen can permeate into the 

package through the seals and the entire package (Robertson, 2009, p. 24). CO2 has an inhibitory 

effect on the growth of microorganisms. Also, the presence of CO2 tends to decrease the pH of 

foods and thereby inhibiting the microorganisms present it by adversely affecting the solute 

transport and inhibition of key enzymes involved in carboxylation/ decarboxylation reactions 

(Dilbaghi, Sharma, & Sannabhadti, 2007, pp. 1-42; Puligundla, Jung & Ko, 2012, p. 328). 

 

Light 

Light has a catalytic effect on the food products by accelerating deteriorative changes. This is 

largely depending on the light intensity (Heldman & Lund, 2006, p.891). Protecting the product 

from light or modification of the product package material to absorb light ensures that the effect 

of light is minimized (Robertson, 2009, p. 25).  

 

1.3.3 Package Properties 

There are package characteristics that are important in elongating the shelf life of packaged food 

products, hence, impaired food packages lead to health issues arising from consumption of 

substandard food products.   

 

Barrier 

Advanced packages such as modified atmosphere packages are based on methodology of 

eliminating oxygen to reduce the growth of microbial population of aerobic microbe strains and 

reduce the oxidative changes of food quality (Kerry & Buttler, 2008, p. 19; Vickie & Elizabeth, 

2008, pp. 480).   On the other hand, poor packaging material with low gas barrier encourage 

high growth of aerobic microbial population (Berk, 2009, p. 548; Stringer & Dennis, 2000, p. 

162). The effect of gas barrier nature of packages on microbial deterioration is observed 
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distinctly using the graph whereby a sous vide high oxygen transmission package rate (OTR) 

favors the increase in the aerobic and anaerobic bacteria population. Facultative anaerobes, 

thermoduric Bacillus spp which have escaped the heat treatment process represent the high 

microbial loads. Thus, it is being considered as the main spoilage organisms (Robertson, 2009, 

p. 67; Kerry & Buttler, 2008, p. 19). 

 

Using the lag time to determine the shelf life in the graph (see figure 5), a package with gas 

barrier which has three times less oxygen permeation, extend the shelf life to twice that for the 

more permeable ones. Comparing the oxygen permeable package in the air with a vacuum 

packaging (having a high gas barrier), the latter could have an extended shelf life especially at 

low temperatures (Robertson, 2009, p. 67).  

 

 

Figure 5. Effect of gas permeability on evolution of aerobic and anaerobic bacterial counts of 

sous vide packaged seasoned spinach soup (600-g pouch pack) at 100C containing thermoduric 

organisms.▲: Aerobic bacteria with high-O2-permeability film package (OTR 6.3 mL m–2 hr–1 

assumed at 1 atm of O2 partial pressure differential);  ∆: anaerobic bacteria under high-O2-

permeability film package; ○: aerobic bacteria under low O2-permeability film package (OTR 

2.3 mL m–2 hr–1);● : anaerobic bacteria under low-O2-permeability film package. (Robertson, 

2009, p. 67).  
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However, the gas composition is an important factor to minimize the microbial growth in 

modified atmosphere packages, but at a value below the threshold level, the shelf life of the 

product or the growth of microorganisms does not depend on it. Hence, packaging materials 

should supply adequate barrier necessary to protect against oxygen ingress and carbon dioxide 

loss or both in order to have the desired effect on a packaged product (Robertson, 2009, p. 67). 

If the design of package can achieve optimal atmosphere balance, respiring fresh products can 

at best contain the needed microbial quality. This involves selecting materials of suitable 

permeability to oxygen and carbon dioxide (see table 6). In as much as the physiological 

tolerance limit of carbon dioxide and oxygen, lower oxygen and higher carbon dioxide can assist 

in lower counts of deteriorative organisms (Robertson, 2009, p. 69). 

 

Table 6. General gas and moisture barrier properties packaging materials (Yildirim, 2011). 

Film (25 

um) 

Water vapor transmission 

rate (WVTR) 

Oxygen transmission 

rate 

LDPE 10 - 20 6500 - 8500 

HDPE 7 - 10 1600 - 2000 

OPP 5 - 7 2000 - 2500 

Cast PP 10 - 12 3500 - 4500 

EVOH 1000 0.5 

PVdC 0.5 - 1.0 2 - 4 

PA 300 - 400 50 - 75 

PS 70 - 150 4500 - 6000 

PET 15 - 20 100 - 150 

Aluminium 0 0 

Units: Water vapour transmission rate in gm-2/24h at tropical conditions of 

90% Relative Humidity at 380C and gas permeability in cm3m-2/24hrs 

 

Odor pick up 

Some food products are prone to absorbing strong odors from the external environment 

surroundings where they are stored or distributed (Fellows, 2000, p. 501). Odor pick-up can 



32 
 
 

 

occur as a result of poor package barrier and storing of products close to strong smelling 

substances such as chemicals (McDowell & Kirwan, 2003, p. 83). 

 

Scalping 

Scalping involves the loss of food components to packaging material by adsorption onto the 

package until equilibrium concentration has been established between the package and the food 

product. This is a result of high affinity of the product components to the packaging material. 

Here, the sensory quality of the products is affected and does not necessarily lead to the health 

implication of food products (McDowell & Kirwan, 2003, p. 86). 

 

Migration 

Migration involves the movement of constituents from a packaging material which is used for 

packaging into the food product. However, in a situation where the packaging material migrating 

is undesirable, it can affect the product quality as well as safety (Berk, 2009, p. 551). This 

concern is generally focused on the levels of residual monomers and plastics additives such as 

plasticizer’s and solvents present in the polymers designed for direct or close contact with food. 

It is therefore, pertinent to ensure complete polymerization of the plastics during formulation of 

plastic packaging materials. Also, printing, lamination and extrusion processes in flexible 

packaging manufacturing contribute to migration of packaging constituents into food products 

(McDowell & Kirwan, 2003, p. 81).  

 

1.4 Heat sealing 

Seal quality of packages is one of the major determinants of product protection and hence affects 

the effective shelf life of packed foods (Kerry & Buttler, 2008, p. 7). Heat sealing is a technique 

generally employed in creating wholesome package such as pouches, bags, and closed rigid 

containers in food processing industries. Solid and liquid foods of different texture are packed 

into packages with the aid of this technology (Berk, 2009, p. 379; Sun, 2011, p.636). Diverse 

heat sealing techniques such as ultrasonic welding, hot air welding, chemical adhesives, hot bar 

sealing, and impulse heat sealing have been utilized for numerous sealing processes (Manuer & 

Ozen, 2004, p. 122; Suramya, 2012). Principles of operation and applications of these industrial 

sealing procedures are discuss below in Table 7.  
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Table 7. Typical heat sealing methods and applications (Suramya, 2012). 

Heat sealing 

method 

Principle Applications 

Conductance 

sealing 

One or both seal jaws are electrically heated and polymer films are 

compressed together under clamp pressure. Polymer films are melted 

and fused together forming a seal 

Used in flexible packaging fabricated 

from, monolayer and multilayer films. 

Common for form-fill-seal process 

Impulse 

sealing 

Same as conductance sealing. It involves passing impulse of short and 

strong electric current to seal jaw. Before releasing the seal jaws, seal 

area are left to cool and solidify under clam pressure. Seal jaws have 

narrow nichrome resistance wire or ribbon covered with PTFE tape to 

prevent adhesion of films to the heated jaws  

It is suitable for packages that have a 

narrow sealing area, and seals formed 

by impulse sealing are of excellent 

quality 

Hot wire 

sealing 

A low voltage current is applied to a thin metal wire or strip that heats 

the films to be sealed. Unlike conductance and impulse sealing, films to 

be sealed are not clamped under pressure Sealing is dependent on the 

formation of molten beads at the seal area due to surface tension and 

film orientation 

Applicable to thermoplastic films that 

can tolerate high temperatures and have 

lo e. viscosity in their molten state 

Dielectric 

sealing 

Dielectric heating is produced by passing high frequency current (50-80 

MHz) through polymer films to be sealed. Pressure is applied to assist 

the fusion and bonding of the films 

Typically applied for sealing materials 

that are polar and able to form a dipole 

moment, such as PVC (Polyvinyl 

chloride) and nylon films 
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Table 7 continues. Typical heat sealing methods and applications (Suramya, 2012). 

Heat sealing 

method 

Principle Applications 

Induction 

sealing 

This is a noncontact method that exposes an aluminum foil containing 

packaging structure to magnetic field produced by an induction coil. 

The magnetic field generates circulating eddy currents in the aluminum 

layer, generating localized heat that melts the adjacent thermoplastic 

polymer (LDPE and LLDPE) in the sealing area 

Applicable only for seal structure that 

contains an aluminum foil layer. 

Commonly used in the heat sealing of 

diaphragms, inner seals of bottle and 

jars, and laminated paperboard cartons 

Ultrasonic 

sealing 

Similar to induction sealing, a generator produces alternating electrical 

signal (20 kHz) to a transducer that converts electrical energy into 

mechanical vibrations. This mechanical energy is then converted into 

frictional heat, that welds the polymers together at the seal interface 

Less overall heat is applied to the seal, 

hence, ultrasonic sealing is ideal for 

sealing of oriented films that have 

tendency to shrink when exposed to 

elevated temperature 
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1.4.1 Factors influencing the seal strength and integrity. 

A heat sealer heats the surfaces of two films/ webs for a time being in order to weaken the 

interfacial force of the films. Thereafter, pressure is applied across the films surface to merge 

the films together. The seal strength is dependent on temperature, pressure and duration of 

sealing (Fellows, 2000, p. 513; Robertson, 2009, p. 348).  Parameters influencing the seal 

strength and integrity are further emphasized below. 

 

Film properties 

Under normal circumstances, thicker materials will narrow the sealing temperature range. Films 

with high thickness or gauge hinder the smooth transfer of the heat needed to melt the sealing 

coating or polymer. In this scenario, the film retain the heat during heating and ensuring that 

sealant layer is unchanged for example it persist in the fluid state with the detrimental effect on 

hot sealing. Additional pressure is also required to bend the film during intimate contact 

especially with crimps jaw as found in the F/F/S machine (McDowell & Kirwan, 2003, p. 217). 

Other material and thermal properties of the films affecting seal strength includes the film 

crystallinity, thermal diffusivity, melting point, contact resistance, etc. (Vickie & Elizabeth, 

2008, pp. 480). 

 

Jaw design 

For films with folds or trucks within the seal, the ideal seal jaw, which is flat, may not be the 

best option in sealing operation. Hence, to make up for this film variation on vertical and 

horizontal F/F/S machines, crimps jaws are applied (McDowell & Kirwan, 2003, p. 218). 

 

Sealing conditions 

1. Jaw temperature: Melting of polymer films in sealing operation require high enough heat 

flux coming from the heated jaw. Looking from the sealing equipment perspective, the 

needed jaw temperature will differ depending on film and jaw contact point, jaw make up 

or fabricating materials as well as whether one or the two jaws are heated thereby affecting 

the seal strength (Suramya, 2012). 

2. Pressure: Molecular interaction between two surfaces of the polymer film is important in 

order to permit the diffusion of polymer chains across the seal interface. This interaction and 
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reaction can be achieved by compressing the polymer films together under compression and 

suitable sealing temperature. Apart from this, irregularities across the film surfaces are 

eliminated as well as giving room for more concrete contact area in the film-film interface 

thereby allowing more heat transfer to the polymer films. Hence, the positive implication of 

using high pressure above the standard amount in order to raise the seal strength may not be 

achieved because pressure is solely needed to facilitate the primary interactions between 

layers (Suramya, 2012). 

3. Dwell time: Transfer of heat from the jaw to polymer. Melting of polymer and inter diffusion 

of polymer chains require a considerable amount of time to take place. A good seal strength 

will require sufficient amount of dwelling time to permit heat and mass transfer process to 

proceed until the desired end product is achieved foe example the crystalline fraction totally 

melting as well as satisfactory inter diffusion of molten polymers to form a continuum 

interface. There is a strong relationship between the ideal dwell time and jaw temperature 

for example the higher the dwell time the lower is the jaw temperature and vice versa 

(Suramya, 2012). 

 

1.4.2 Evaluation of seal integrity in food packaging 

Integrity of a seal is a term that describe a seal with continuity and prolonged durability (for 

example the seal without any of the following defects such as micro leaks, wrinkles, blister, 

abrasion, dents, delamination etc) (Berk, 2009, p. 379; Goyal, 2003, p. 154). Seal integrity 

defends the packed food products from negative environmental influence such as oxygen and 

moisture that adversely affect fragile constituents in food and are as such very vital in food 

packaging (Vickie & Elizabeth, 2008, pp. 480; Heldman & Lund, 2006, p. 882). As earlier 

stated, modified atmosphere packages require systematic estimation of seal integrity due to the 

presence of delicate gaseous headspace within the packed food product. The imbalance of this 

gaseous headspace might result in compromising of the desired shelf life of the product in 

modified atmosphere food packages (Stringer & Dennis, 2000, p. 270). 

  

Furthermore, estimation and determination of seal integrity for packages in food processing 

industry are typically performed with application of either destructive or non-destructive testing 

procedures (Akers, Larrimore & Dana, 2003, p. 306; Patel, 2003, pp. 73-81).  
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A dye penetration test method includes determination of leaks in the range of 50 um around the 

sealing area through the action of dye solution injected into the seal area for a given time. In 

order to bring about maximum contact between the dye solutions and the packaging material, a 

surfactant is introduce into the system. Thereafter, the sealing is visually examined for dye 

penetration after a specified time (20s) to detect seal failure arising from the penetrating dye. 

 

On the other hand, a burst test involves evaluating of channel leaks in the sealing area which are 

50µm and above. It can be achieved by pressurizing packages to a predetermined level and 

subsequent deflating of the package (Berk, 2009, p. 386). However, deflation of packages before 

it reaches the predetermined pressure level shows that the package seal is faulty (Akers, 

Larrimore & Dana, 2003, p. 307). 

 

Similarly, thermoplastic tray tests known as pressure differential methods can also be used to 

evaluate leakages in the food package. In this test, sample packages are placed inside a hermetic 

chamber in which the enclosed volume is evacuated gradually to the low pressure of -0.48 bar. 

Creation of vacuum inside the chamber results in the expansion of the sample. The pressure that 

arises because of the expansion is measured by the load cell.  The pressure is allowed to stand 

for 30 sec. This is followed by observing the pressure decay in the package that may have micro 

leaks in the sealing area. Lastly, according to the pressure decay data, faulty packages are 

separated from the lots (Akers, Larrimore & Dana, 2003, p. 307; Suramya, 2012). 

 

Another procedure to detect leaks in the package seal is the application of high voltage current. 

The test arrangement is made up of two electrodes that are connected with high voltage input at 

one end of the electrodes and low voltage output at the other electrode (see figure 6). The two 

electrodes are connected to a sensor.  In between these electrodes is food package acting as a 

capacitance. Presence of pin holes will change the charge direction through the channels causing 

the capacitance and the resistance to change thereby easily detecting faulty packages (Akers, 

Larrimore & Dana, 2003, p. 307; Suramya, 2012). A number of non-destructive techniques such 

as ultrasound imaging techniques have been developed to evaluate seal integrity in food 

packages. This test method has the ability to detect leaks in the channels in the range of 9-325um 

and it may help to visualize a possible leak, or it may serve to better characterize package seals 
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(Berk, 2009, p. 386). This kind of test has also been integrated into the food processing plant 

test batteries for testing seal integrity. Other examples of non-destructive techniques include x-

ray and Infra-red, visible light, laser and acoustic imaging (Suramya, 2012). 

 

Figure 6. Schematic diagram of HVLD system setup (Song, 2008, p.573). 

 

1.4.3 Package integrity 

Package integrity is a standard feature that is necessary to maintain the shelf life of a product. It 

can be said to be the package ability to keep the product in and to keep the unwanted parameters 

out (Goyal, 2003, p. 154). Package integrity assurance should continue after the product is out 

of the processing plant. Package integrity tests involve determination of leaks of any kind that 

can facilitate microbial or gaseous ingress or outgress across the entire perimeter of a food 

package (Berk, 2009, p. 554). Many of these test methods either detect the presence of leaks or 

measure the degree of leakage. Tests such as liquid tracers, high-voltage leak detection, 

microbial challenge tests or bubble tests are known as qualitative tests because they only detect 

the presence of leakages. Other tests such as helium mass spectrometry analysis or some 

vacuum/pressure decay methods provide quantitative leak results. Likewise, tests based on near-

infrared (NIR) spectrometry, which measure the excess moisture in a dry powder products 

resulting from faulty packages indicate the evidence of leakages (Akers, Larrimore & Dana, 

2003, p. 307; Sun, 2011, p. 737). 

 

A summary of package integrity test methods, advantages, and disadvantages and applications 

are presented in Table 8. 
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Table 8. Package integrity test method and applications (Akers, Larrimore & Dana, 2003, pp. 310-319). 

Package 

integrity test 

Principle Merits and Demerit Applications 

Acoustic 

imaging 

Ultrasonic energy is focused into 

sample submerged in water or other 

solvent. Each of patterns produce 

images of package material interior 

Pros: Very sharp image produced; Structural 

defects visible, e.g. channels, delamination; 

Sophisticated tool for package investigations 

and developments 

Cons: Expensive; Sample must be 

immersed; Expertise needed; Less useful for 

porous materials 

Microchip 

technology, 

forensic science, 

construction 

materials, 

packages and 

devices 

Bubble tests -Submerge package in liquid, apply 

differential pressure, observe for 

bubbles.  

-Apply surfactant, draw vacuum, and 

look for foaming 

Pros: Simple; Inexpensive; Location of 

leaks can be observed; Good early research 

or trouble shooting technique  

Cons: Relatively insensitive; Operator 

dependent; Wets package seal; destructive;  

Requires gas headspace to be present at 

leakage site 

Pipes, large 

equipment, 

aerosols(warm 

water bath test 
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Table 8 continues. Package integrity test method and applications (Akers, Larrimore & Dana, 2003, pp. 310-319). 

Package 

integrity test 

Principle Merits and Demerit Applications 

Gas tracer 

detection 

Test tracer gas is used to measure 

leakage/permeation across a package 

seal. Gas is detected either by a 

coulometric detector (O2) or by a 

photoelectric sensor (CO2 or H2O). 

Instruments that invasively test 

package headspace for O2 or CO2 are 

another type of gas detection test 

method 

Pros: Directly correlates to package 

performance, protection;  Potentially highly 

sensitive; Provides total leakage and 

permeation information 

Cons: Slow; Some tests are destructive 

Screw-cap 

bottles, food and 

beverage 

containers, Blister 

packages, 

polymer and foil 

pouches 

Helium mass  

spectrometry 

Helium is used as a tracer gas for 

detection and measurement of leakage 

using a mass spectrometer. “In side-

out” method or “sniffer” probe 

methods are two options when helium 

is inside the package 

Pros: Inert gas tracer;  Extremely sensitive 

test; Rapid test time; Correlated to microbial 

and liquid leakage 

Cons: May confuse helium diffusion with 

leakage; Helium must be added; May be 

destructive; Bombing takes time; Expertise 

required;  May not detect large leaks; 

Expensive 

Pharmaceutical, 

refrigeration 

units, automotive 

parts, 

pacemakers, food 

and beverage 

containers, drums 
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Table 8 continues. Package integrity test method and applications (Akers, Larrimore & Dana, 2003, pp. 310-319). 

Package 

integrity test 

Principle Merits and Demerit Applications 

High-voltage 

leak  detection 

(HVLD) 

High frequency, high voltage is 

applied to sealed container. Increase in 

conductivity correlated to presence of 

liquid near detectors 

Pros:100% Automatic inspection Clean 

Nondestructive Rapid 

Cons: Difficult to validate with standard 

defects; Liquid-fill product required 

Glass and plastic 

ampules or 

blow/fill/seal 

containers; glass 

vials, syringes 

Liquid tracer 

tests 

Package is immersed in solution of a 

tracer chemical or dye.  

Pressure/vacuum or temperature 

cycling is used to improve sensitivity. 

Leakage is detected visually (dye) or 

instrumentally (dye or chemical) 

Pros: Correlates to liquid leakage and 

microbial ingress; Operator independent 

(instrumental methods); Inexpensive; simple 

to perform 

Cons: Destructive;  Human variability 

(visible dye); Probabilistic so larger sample 

numbers needed; Slow 

All types of 

packages 

Microbial 

challenge  tests 

Containers are media filled, and the 

seal is challenged with 

microorganisms (in liquid suspension 

or aerosol form). Presence of 

microbial growth is confirmed visually 

or with instrumentation 

Pros: May provide direct correlation to 

microbial integrity;  No special equipment 

required;  Airborne challenge best approach 

for tortuous seal tests  

Cons: Insensitive; Expensive in time, 

storage ,resources;  Slow 

Widely used 

throughout the 

pharmaceutical  

industry 

 



42 
 

 

Table 8 continues. Package integrity test method and applications (Akers, Larrimore & Dana, 2003, pp. 310-319). 

Package 

integrity test 

Principle Merits and Demerit Applications 

Noninvasive 

moisture  and 

oxygen analysis 

-Moisture. Near infrared spectroscopy. 

Used to measure powder moisture 

inside an unopened glass package 

- Oxygen and moisture. Tunable diode 

laser spectroscopy. Laser light is 

passed through package headspace. 

Frequency of light matched to oxygen 

or water. Absorbed light is 

proportional to headspace contents 

Pros: Nondestructive to product or package; 

Rapid (less than 1 minute);  Sensitive to 

trace moisture;  Simple to perform 

Cons: Unknown 

Pros: Nondestructive to product or package; 

Rapid(1second) 

Cons: Unknown 

Lyophilized and 

dry powder 

pharmaceuticals, 

validation of 

terminal 

sterilization cycle 

package integrity. 

Products sensitive 

to moisture or 

oxygen headspace 

content. 

Residual gas 

ionization test 

High-voltage, high-frequency field is 

applied to glass vials or bottles sealed 

under vacuum. The field causes 

residual gas to glow. Vacuum level is 

verified by glow or ionization current 

Pros: On-line, Nondestructive test; Rapid 

Cons: Inconsistencies in results unless 

parameters carefully controlled 

Lyophilized 

product 
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Table 8 continues. Package integrity test method and applications (Akers, Larrimore & Dana, 2003, pp. 310-319). 

Package 

integrity test 

Principle Merits and Demerit Applications 

Residual seal 

force (RSF) 

Vials sealed with elastomeric closures 

are compressed at a constant rate of 

strain. Stress-strain deformation 

curves are generated. Second 

derivative of the curve RSF value 

Pros: Measures closure force post 

compression;  Nondestructive (although 

plastic cap may be removed) No human 

error;  Qualitative measurements; Simple to 

perform  

Cons: “Good” RSF will vary with elastomer 

material and history 

Parenteral vials 

(13 to 28mm) 

Ultrasonic 

imaging 

Ultra sound echoes used to create 

image of heat seals 

* Heat seals 

Vacuum/pressur

e decay 

Change in pressure or vacuum is 

measured inside  the package 

(destructive) or outside in a sealed 

package chamber (nondestructive)  

Pressure/vacuum change significantly 

greater than non-leaking package is 

indicative of a reject 

Pros: Clean; Nondestructive(test chamber 

method);  Relevant to package performance 

(shipping/distribution);  Relatively 

inexpensive;  Sensitivity good for leaks 

>5µm; Rapid test(few seconds) 

Cons: Difficult to detect leaks<5µm;  Some 

package headspace needed 

Variety of 

pharmaceutical, 

food, medical 

device packages 
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Table 8 continues. Package integrity test method and applications (Akers, Larrimore & Dana, 2003, pp. 310-319). 

Package 

integrity test 

Principle Merits and Demerit Applications 

Visual inspection Look for leaks Pros: Simple; Inexpensive 

Cons: Insensitive; Operator dependent 

All packages for 

final inspection, 

especially 

parenteral 

packages such as 

vials, ampules, 

syringes 

Weight change Filled, sealed container is stored at 

various stress conditions and checked 

overtime for weight loss (liquid 

contents) or weight gain (dry contents) 

Pros: Simple; Directly relates to closure 

performance; Qualitative; Inexpensive 

Cons: Time consuming test;  Leak location 

not detected;  Package material sorption may 

interfere with results 

Vials (including 

lyophilized 

products), 

aerosols, solid or 

liquid dosage 

form packaging 

* Because published information on this technology is not yet available, no further information is offered 
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1.5 Food products of interests 

Some selected categories of food products will be discussed further to completely comprehend 

the concept of food packaging and shelf life. These food products are ready meals, chilled foods, 

dry and frozen food products (Patel, 2003, pp. 73-81; Robertson, 2009, p, 10). 

 

1.5.1 Chilled foods and Ready Meals 

Low temperatures retard the growth of naturally occurring microorganisms and also slow down 

biochemical processes that lead to deterioration of food products (Sun, 2011, p. 478).  Chilled 

foods are most commonly spoiled due to changeable temperature conditions during storage and 

transit (Fellows, 2000, p. 388). 

 

In most processed chilled foods, it is the microbial growth that limits the shelf life (Brown, 2008, 

p. 19; Goyal, 2003, p. 91; Sun, 2011, p. 346). However, the slow growth rates that occur under 

chilled conditions will eventually result in microbial levels that can affect the food or present a 

potential hazard (McDowell & Kirwan, 2003, p.53; Robertson, 2009, p. 264). Examples include 

fruits and vegetables, fresh foods such as sea foods, poultry, meat, milk etc. (Fellows, 2000, p. 

388; Robertson, 2009, p. 280). 

 

Critical measured information of chilled foods and ready meals1 (Brown, 2008, p. 580). 

1. Temperature/Time 

Cold preservation temperature is depended on the kind of food and time (Brown, 2008, p. 

15). Different food products have an optimum temperature at which they are best preserved 

without damage. For example, banana is best preserved at 13.3-16.7oC .Sweet potato is best 

preserved at 10.0 -12.80oC in order to avoid chilling injury. Likewise, fluctuation in 

temperature will result in microbial growth and increased enzymatic activity (McDowell & 

Kirwan, 2003, p. 53). 

2. Gas atmosphere 

Chilled food and ready meals are affected by the amount and proportion of gases in the 

ambient environment. 

3. Freshness 

4. Microbiological status 
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5. Leakage 

6. Color 

7. Humidity  

 

Packages requirement 

There is a variety of options when it comes to selecting packaging for chilled foods (see table 

9) and ready meals because it is the microbiological growth that is responsible for limiting the 

products shelf life and not the interaction between the food product and the package (Sun, 2011, 

p. 494; Robertson, 2009, p. 309). 

 

Thus microbial cross contamination must be avoided. Likewise, the package only has to exist 

for just a short period hence; barrier properties of short shelf life foods are less restrictive 

(McDowell & Kirwan, 2003, p. 53; Goyal, 2003, p. 137). 

 

However, for foods with high fat content the package must prevent light penetration and have 

low oxygen permeability as well as low odor pick-up. Furthermore, some food product packages 

should be able to control water permeability to prevent excessive moisture loss that results in 

drying out, or moisture ingress and softening. Additionally, the package must permit moderate 

inflow of oxygen to prevent discoloration in fresh red meat and spoilage through anaerobic 

respiration in fruits and vegetables in order to keep the appearance at acceptable level (Fellows, 

2000, p. 400; Brown, 2008, p. 585). 
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Table 9. Main requirements of a chilled food package (Stringer & Dennis, 2000, p. 136) 

 Contain the product 

 Be compatible with food 

 Non-toxic 

 Run smoothly on filling lines 

 Withstand packaging processes 

 Handle distribution stresses 

 Prevent physical damage 

 Possess appropriate gas permeability 

 Control moisture loss or gain 

 Protect against light 

 Possess antifog properties 

 Seal integrity 

 Prevent microbial contamination 

 Protect from odours and taints 

 Prevent dirt contamination 

 Resist insect or rodent infestation 

 Be cost effective 

 Have sales appeal 

 Communicate product information 

 Show evidence of tampering 

 Easily openable 

 Be tolerant to operational temperatures 

 

1.5.2 Frozen foods 

Foods that are kept at commercial freezing temperature in the range of -18oC to -24oC ensuring 

that the microbial activity is put on hold (Sun, 2011, p. 726; Kerry & Buttler, 2008, p. 62). 

Frozen foods are carefully prepared before they are made to undergo freezing operations. Fruits 

and vegetables are washed trimmed out or otherwise pretreated (Sun, 2011, p. 480; Robertson, 

2009, p. 301). Vegetables are scalded or blanched to inactivate enzymes and fruits might be 

packed in syrup. Meat and sea foods are quality selected and carefully handled. Hygienically, 

frozen foods are packed and placed in the freezers (Fellows, 2000, p. 432; Sun, 2011, p. 84). 

Rapid freezing in blast freezers is desirable to prevent the formation of ice crystals that will tend 

to adversely affect the texture of the food by disrupting cell integrity in fruits and vegetables or 

degrading the muscles proteins of meat, fish and poultry (Sun, 2011, p. 726; Goyal, 2003, p. 

137). 

 

Critical measured information in frozen foods (Sun, 2011, p. 712) 

1. Temperature/ Time 

2. Gas atmosphere 

3. Microbiological status  
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4. Freshness 

5. Leakage 

 

Packages requirement 

Light penetration blocking capability as well as good oxygen barrier properties are important in 

order to prevent lipid oxidation. However, the need for gas barrier material is less critical due 

to insignificant activities of both enzymes and microorganisms (Sun, 2011, p. 715; Sun, 2011, 

p. 765; Sun, 2011, p. 355). Moisture escape from the food product must be avoided for example 

through the use of material that has low water permeability to prevent freezer burn (Fellows, 

2000, p. 448; Sun, 2011, p. 737). 

 

1.5.3 Dry foods 

Dry foods are hydroscopic food products owing to low moisture content below 25% and water 

activities around 0.0 to 0.6. Dried foods are produced by lowering the moisture content of food 

product with different kind of drying methods which directly affect the water activity of foods 

(Kerry & Buttler, 2008, p. 23; McDowell & Kirwan, 2003, p. 315; Goyal, 2003, p. 120). Dry 

foods also dehydrate or destroy the microorganisms since microorganisms are made up of 80% 

moisture. They are shelf stable as long as the moisture content is kept very low (Stringer & 

Dennis, 2000, p. 264; Robertson, 2009, p. 345; McDowell & Kirwan, 2003, p. 42). 

 

Critical measured information in dry foods (Robertson, 2009, p. 345) 

1. Gas atmosphere 

2. Relative humidity 

3. Microbiological status 

4. Leakage  

5. Light 

 

Packaging requirement of dried foods 

The packaging requirement of dried foods is low water vapor permeability materials to provide 

almost zero transmission of water and water vapor (Kerry & Buttler, 2008, p. 23). 
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Dried foods with high fat content e.g. snacks must be packed with packages that have both good 

oxygen and good water vapor barrier to avoid lipid oxidation (Fellows, 2000, p. 413; Goyal, 

2003, p. 40; Goyal, 2003, p. 120). 

 

However, also highly opaque packaging material with characteristically strong barrier against 

visible and invisible wavelength light transmission is necessary to avoid light induced oxidation 

of products (Robertson, 2009, p. 133, pp. 128-137; Robertson, 2009, p, 12). 

 

1.6 Intelligent Packaging 

Advancement in intelligent packaging technology is still at the premature phase and mostly used 

for the communication function of the package to facilitate decision making  in order to achieve 

the benefits of enhanced food safety and quality (Brody, Strupinsky, & Kline, 2001, p. 2; Otles 

& Yalcin, pp. 1-2; Clark, 2013, pp. 141-152; Poças, 2001, pp. 197-198). Concerning the safety 

and quality of perishable food products   the microbial quality has got a vital and key 

responsibility to be fulfilled (Pavelková, 2012, pp. 282-284; Ahvenainen, 2003, p. 20). 

Intelligent packaging is a kind of system that monitors the conditions of packaged foods to give 

information about the quality of the food during storage and transport (Ahvenainen 2003, p. 20; 

Kerry & Buttler, 2008, p. 45).   

 

Intelligent packaging could be defined; as a packaging system that is designed to perform 

intelligent functions (such as sensing, detecting, tracing, recording and communicating) (Brody 

et al., 2008, pp. 107-112; Sun, 2011, p. 839) to facilitate decision making, to prolong shelf life, 

enhance safety, provide information, and warn about possible problems (Otles & Yalcin, pp. 1-

2; Sun, 2011, p. 821). 

 

A package can be said to be intelligent if it has the ability to trace the storage, distribution, 

handling, monitor and record critical factors etc. of a product and communicate with the product 

handler (Ahvenainen, 2003, p. 20 Kerry & Buttler, 2008, p. 102; Goyal, 2003, p. 56). For 

example, an intelligent package can inspect the safety and quality condition of a food product 

and provide timely caution to the consumer or food manufacturer (Brody, 2006). 
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Intelligent packaging is also defined as a packaging technique containing an external or internal 

indicator for the active product quality and history monitoring. Intelligent packaging is related 

to the smart packaging in that the latter comprises both the principle of intelligent and active 

packaging (Otles & Yalcin, pp. 1-2; Kerry & Buttler, 2008, p. 45). Intelligent packaging can be 

attached to the exterior of a package known as external indicator or fixed into the inner part of 

the packaging known as internal indicator. Both the internal and external indicators are 

responsible for monitoring actively product quality and history. The aim of the intelligent 

packaging is to influence both the internal and external environment of packaged food (Brody, 

2006) and also to monitor the condition and status of the food product. Monitoring is 

accomplished through sensing of any changes both within and outside the food product and 

immediately to inform either the manufacturer or consumer about the breach in quality of the 

entire package. Intelligent packages perform this task through warning and alertness (Huff 2008; 

Ahvenainen, 2003, p. 20). 

 

1.6.1 Benefits of Intelligent Packaging 

The intelligent packages communicate to consumer the attributes of safety aspects and the 

manufacturing record of the food products. It can indicate the hotness or coldness of food, 

suggest serving temperatures per meal and consumption status of packed food products (Ahsen, 

Aslıhan & Taner, 2013; Brody, Strupinsky, & Kline, 2001, p. 5). Also, it might show the 

distribution and storage account through disclosing of present condition of the food product and 

the history to which it has been subjected at various stages (Ahvenainen, 2003, p. 20; Sun, 2011, 

p. 821). Product quality control systems based on the intelligent packaging concept will facilitate 

successful processing operations, step up product quality and give lower statistics of negative 

feedback from the consumers and retailers (Ahvenainen, 2003, p. 102; Brody, 2006; . Dimitrios, 

2012, p. 44). Other important useful impacts of intelligent packaging are listed below 

1. It will add concrete importance to freshness and safety  

2. There will be growth in product market demand. 

3. It will facilitate internal control for industry and retail in the complete food supply chain 

(Ahsen, Aslıhan & Taner, 2013). 

4. Product quality will be monitored and detection of critical points in food supply chain will 

take place (Alocilja & Wang, 2009, 196-250).  
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5. It will promote globalization and open new business opportunities in creating longer 

logistics chains with more emphasis on traceability (Watkins, 2003, p. 114). 

6. Economically, intelligent packagings solutions are cheap; they are easy to interpret simple 

devices; they do not require sophistication to be introduced into the production system, they 

can be applied as sachets, labels, tablets and as integral parts of packaging materials (Ahsen, 

Aslıhan & Taner, 2013; Akers, Larrimore & Dana, 2003, p. 296; Ahvenainen 2003, p. 20). 

 

1.7 Indicators 

Indicators gives information about the quality of packaged foods and thus guarantees the safety 

during the product´s shelf life. They are good source of assistance to the consumers in evaluating 

the status of packaged foods (Brody et al., 2008, pp. 107-112; Ahsen, Aslıhan & Taner, 2013.) 

Indicators are compounds that detect the absence or existence and concentration of  foreign 

compounds or the extent of reactions going on between two or more compounds by means of 

characteristically changes especially in appearance (Kerry, O'Grady & Hogan, 2006, pp. 113-

125). Virtually, indicators reveal changes and they interact directly with the users unlike sensors 

that utilize receptors and transducer to pass information across to the operator (Feliciano, 2009; 

Kerry & Buttler, 2008, p. 93). 

 

1.7.1 Oxygen and carbon dioxide indicators 

Oxygen represents the main agent of food spoilage because various aerobics food spoilage 

microorganisms rely on oxygen to thrive and germinate in a system where oxygen is unrestricted 

(McDowell & Kirwan, 2003, p. 308; Heldman & Lund, 2006, p. 904). Effects of oxygen on 

food products caused degradation of ascorbic acid in fruits and vegetables, redox reactions 

(browning reactions precursors) as well as enzymatic induced processes of various products. 

Likewise, non-enzymatic catalyzed reactions such as lipid oxidation can also lead to food 

spoilage (Berk, 2009, p. 557).  

 

Gas package’s integrity is regarded as the foremost important attribute of a package. In a type 

of food where the sensory quality of the product does not represent the microbial status or 

nutritional degradation of food, it is very pertinent to address package leakage in order to avoid 

a grave consequence of food poisoning. Leakage in MAP results in the deterioration of the 
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controlled modified atmosphere that envelopes the food product (Brown, & Hall, 2008, pp. 109-

132; Mills, Hazafy & Lawrie, 2011, p. 60; Bengtsson & Ohlsson, 2002, p. 70). The first stage 

of leakage refers to the increase in oxygen content and decrease in carbon dioxide content. 

Proliferation of microbial population always accompanies this stage bringing about the final 

stage which is a high carbon dioxide concentration and low oxygen concentration (Puligundla, 

Jung & Ko, 2012, p. 328).  Carbon dioxide on the other hand unlike nitrogen is regarded as a 

functional entity in a packaging system since it inhibits the proliferation of microorganisms. 

Nitrogen and carbon dioxide together suppresses or slows down the rate of respiration in foods 

e.g. fresh fish, poultry etc. and thus brings down the spoilage effect of oxygen (Bengtsson & 

Ohlsson, 2002, p. 90).  

 

1.7.2 Types of oxygen indicators 

Internal oxygen indicators of commercial interest might be in form of color labels or tablets. 

Oxygen that gains passage into the container through cracks is revealed by the oxygen indicator. 

Consequently, evident of residual oxygen in the packages headspace is shown when combined 

with oxygen absorbers (Lawrie, Mills & Hazafy, 2013, p. 1155; Narayanaswamy & Wolfbeis,, 

2004, p. 51). 

 

This helps to check if the package is completely intact. However, an oxygen indicator is known 

to have limitations during distribution chain.  This is as a result of high sensitivity of most 

oxygen indicators to oxygen gas when examining from the packaging principle perspective as 

well as color change which is reversible (Kuswandi et al., 2011, pp. 137-142). Residual oxygen 

in the package may react with the oxygen indicators in the early stage (Brody et al., 2008, pp. 

107-112). On the other hand, where the oxygen is trapped in the package it may be completely 

exhausted by the microorganisms that will render the response of the indicator negative even 

though microbial spoilage is clearly obvious. Thus, indicators ultimate response to oxygen 

should not be reversible. Many approaches have been applied to find concrete solutions to the 

challenges. Combination of oxygen indicators with oxygen scavengers and MAP is a general 

practice in many research and development institutes (VTT Biotechnology Finland/ ISRO in 

Australia) (Bengtsson & Ohlsson, 2002, p. 97;  Ahvenainen, 2003, p. 277; Mills, Hazafy & 

Lawrie, 2011, p. 60).  
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Apart from incorporating oxygen scavengers with adjustable residual oxygen capacity together 

with the leak indicators to prevent trapped oxygen inside the package from reacting with the 

indicators, a method has been proposed to make the indicators exist as macro components of the 

film or packaging material to prevent oxygen from gaining access to the indicators during 

packaging operations (Brody, Strupinsky, & Kline, 2001, p. 3). This is to ensure that the 

detection of leakages is done with unaltered color change (Mills, 2005, pp. 1003-1010).   

 

Luminescence 

Most optical sensors for oxygen are luminescence-based (Gründler, 2007, p. 199). In such 

systems the luminescence associated with an electronically excited lumophore, L*, is quenched 

irreversibly by molecular oxygen,  

 

L*    +    O2                 kQ(O2)               kQ(O2)           L   +    O2*           (2) 

 

, where kQ (O2) is the bimolecular rate constant for the quenching process. (* denote 

electronically excited substance) 

 

The luminescent probe molecules are usually encapsulated inside a gas permeable, ion-

impermeable material such as silicone rubber, or an organic polymer, such as poly (vinyl 

chloride), to create thin film oxygen indicators. In homogeneous solution the quenching of the 

luminescence of such a lumophore usually obeys the Stern-Volmer equation. 

 

I0/I = Ʈ0/Ʈ = 1 + (KSV × pO2)                                                                 (3) 

 

,where I0 & I, are the luminescence intensities and Ʈ0 & Ʈ, represent excited state lifetimes of 

the lumophore in the absence and presence, respectively, of oxygen at a partial pressure, pO2. 

KSV is the Stern-Volmer constant. (Mills, 2005, pp. 1003-1010). 

 

The principle of this indicator is based on interpretation of information coded on the internal 

indicators attached to the package in a non-destructive way (Jiˇí Janata, 2009, p. 272). 
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In order to sense oxygen within a package, for example in the case of an O2 oxyDot which is 

attached to the container interior part is illuminated with a pulsed blue light from a LED, some 

of which is absorbed by the [Ru(dpp)3](Cl)2 in the dot (see figure 7). The resulting red emitted 

light is detected by a photo detector and the lifetime of the [Ru(dpp)3](Cl)2 extracted from the 

data. These kinds of indicators eliminate the error which arises when estimating oxygen 

concentration visually as a result of sensitivity deficiencies (Mills, 2005, pp. 1003-1010). 

However, tests will be limited only to the processing plant in comparison with the colorimetric 

or visual indicator that can be useful through the entire food processing chain. Furthermore, an 

optical device would equally be needed which would automatically escalate the cost of testing 

(Bengtsson & Ohlsson, 2002, p. 89; Narayanaswamy & Wolfbeis,, 2004, p. 6).  

  

 

Figure 7. Oxysense (Ragarert, 2012). 

 

Colorimetric indicators based on Oxygen-binding complexes 

Colorimetric indicators represent the categories of oxygen indicators that relies on color 

changing characteristics to sense the presence of oxygen gas. They are further explained below; 

 

Hemoglobin based: This consists of an oxy-hemoglobin structure, immobilized on a cation 

exchange resin, positioned at the end of a fiber optic bundle. The principle is generally about 

combining oxygen with deoxy-hemoglobin to produce differently colored product oxy-

hemoglobin (Mills, 2005, pp. 1003-1010). Change in the porphyrin’s soret absorption band, 

from ca 435nm to 405nm, leads to transformation in appearance as deox-hemoglobin which is 

converted to oxy-hemoglobin. The indicator was found to be reversible, and could be used to 

measure pO2 values from 20–100 Torr. However, it was also discovered to be very unstable and 
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short-lived with only 2 days life time at room temperature. Moreover, hemoglobin based 

indicators are required to be kept under anaerobic condition to stop formation of 

methaemoglobin as a result of oxy hemoglobin continuous oxidation (Mills, 2005, pp. 1003-

1010). 

 

Myoglobin based: This is a dissolved oxygen indicator that was developed in 1995 from 

metmyoglobin. Here, myoglobin (Mb) is being encapsulated in a sol-gel glass matrix. These 

indicators are more stable in contrast with the hemoglobin based indicators, but requires storing 

at 40 oC under argon in sodium dithionite. Moreover, just like the hemoglobin based indicators, 

challenges in storage and color changes which  are small make their chances as a choice 

indicator to be limited (Lawrie, Mills & Hazafy, 2013, p. 1155; Mills 2005, pp. 1003-1010). 

 

Synthetic oxygen-binding metal complexes: A good example is bis (histidinato) cobalt (II), Co 

(His)2. This is almost colorless in its unbound form, and pink (Max5408nm) in its bound oxygen 

state. The pink color arises from the electronic transition transfer of charge between oxygen and 

the metal´s electronic levels. It is reversible and highly suitable for measurement of dissolved 

oxygen in a stationary state with thin layer chromatography. Its drawbacks are the reversible 

nature, poor color change and reactiveness to pH and humidity changes (Mills, 2005, pp. 1003-

1010). 

 

Colorimetric indicators based on Redox dye 

A redox dye indicator typically comprises a redox dye, such as methylene blue (MB), and a 

strong reducing agent, such as glucose in an alkaline medium. A reduction process is notable in 

the absence of significant quantity of oxygen (at less than 0.1%) making the dye to exist in 

reduced colorless state (Kohl & Wagner, 2014, p. 279; Mills, 2009, p. 371).  

 

However, at a significant level of oxygen (more than 0.5%), an oxidation reaction is notable and 

the dye exists in its highly colored oxidized state. Other constituents of the indicators are the 

acid red 52 which is non-redox active dye to give the background pink color, while alkaline 

medium is provided by the calcium or magnesium hydroxide. The mixture of all these 

components is embedded in an oxygen permeable clear plastic ion-impermeable sachet in order 
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to prevent the indicators from leaching and interacting with the food content.  This final 

substance appears like sweets which is a property disadvantage. The initial reaction process 

takes almost 2-3 hours to realize for example purple to pink while the reverse process last only 

5 minutes upon saturating the system with oxygen  (see figure 8 and 9) (Mills, 2005, pp. 1003-

1010).  

 

Properties include anaerobic storage conditions since they become inert when exposed to air. 

The cost of production is very high, and they are very reactive to humidity which makes them 

to be perfect for humid condition. Constraints to selection are the cost, reversibility, storage and 

ease-of-use (Kerry, O'Grady & Hogan, 2006, pp. 113-125). 

 

 

Figure 8. Tell Tab oxygen indicator (Otles & Yalcin, p. 4). 

 

 

Figure 9. Ageless Eye Oxygen indicator (Ragarert, 2012). 
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Colorimetric indicators based on Light-activated, redox dye 

Light-activated redox dye is a kind of photosystem reaction where a sacrificial electron donor 

such as EDTA reduced photo excited dyes e.g. riboflavin produces an irreversible oxidized end 

product leuco-riboflavin. The 1,5 dihydroriboflavin, produced, then reacts readily with oxygen, 

if present, to regenerate the original dye, riboflavin. Usually, EDTA is oxidized to glycolic acid 

and an amine residue (Lawrie, Mills & Hazafy, 2013, p. 1155). 

 

A mixture of EDTA, riboflavin and gelatin which acts as final encapsulation material and an 

anti-foaming agent is dissolved in water. A paper-based, orange-colored, visible-light activated, 

oxygen sensitive film, which is inactive except when it is irradiated with UV or visible light is 

generated through soaking of the components in the absorbent paper. A bleached substance is 

generated when the material is exposed to UV or visible light as far as oxygen is omitted from 

the system.  But, with oxygen introduction, it reverts back to the original color (Lawrie, Mills 

& Hazafy, 2013, p. 1155) (see figure 10). 

 

 In a study conducted by Blinka et al., it was shown that the color change specific to the 

indicator, is not convincing enough, however, at oxidized state, fluorescence of riboflavin is 

high compared to its non-fluorescent form in the reduced state. Their investigation also 

recommend the application of redox- indicator , such as methylene blue, to create  a perfect 

colorimetric indicator activated by UV/Visible light which exist as blue in air to colorless in 

oxygen free environment (Kerry, O'Grady & Hogan, 2006, pp. 113-125). 

 

The advantages of this concept include a colorimetric optical change, irreversibility, reusability, 

ability to be used in ink manufacturing and storability due to the fact that it is dormant without 

UV/Visible light and oxygen.  Activation by both UV and visible light is the main challenges 

confronting this kind of indicator.  Hence, impact of the sunlight or the bright light of the 

supermarket will result in the bleaching effect with or without oxygen availability in the 

environment. In other words, it must be UV activated because ambient levels of UV light, even 

in brightly-lit food stores are generally minimal (Lawrie, Mills & Hazafy, 2013, p. 1155). 
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Another form of UV activated indicators is using UV light or electromagnetic field to convert 

oxygen within the package into ozone which in its presence can be detected through the contact 

with potassium iodide-starch indicator (Mills, 2005, pp. 1003-1010).  

 

 

Figure 10. Photographs of two typical blue-colored UV-activated oxygen indicators with the 

formulation. MB/TiO2/TEOA/HEC, one placed inside and the other outside a plastic package 

flushed with CO2 and sealed (Mills, 2005, p. 1010). 

 

In (a) the package had just been sealed and the two indicators are blue. The two indicators were 

then bleached by a short (2.5min) burst of UV light (b).The indicator outside the package 

regained its original color within minutes, whereas, 48hours later, the indicator inside remained 

bleached (c). Finally, upon opening the package, the indicator within regained its original color 

in response to the ingress of oxygen (d).  

 

1.7.3 Carbon dioxide indicators 

Generally, carbon dioxide indicator shows the concentration of carbon dioxide inside the MA 

package whether it is at the maximum or minimum value (Ahvenainen, 2003, p. 275). This is 

important as the normal volume of carbon dioxide is needed to be flushed into each package. In 
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this kind of indicators, a given numbers of strips of indicators which denote different percentage 

or varying degree of color change depending on carbon dioxide content used (see figure 11). 

Examples of such indicators are anion and lipolytic organic quaternary ions (Puligundla, Jung 

& Ko, 2012, p. 328; Bengtsson & Ohlsson, 2002, p. 108).  

 

Figure 11. Carbon dioxide indicators (Otles & Yalcin, p. 5). 

 

1.7.4 Temperature indicators 

Fluctuation in the temperature of food products may result in undesirable modification in 

product safety and quality (Sun, 2011, p. 726).  Temperature indicators also known as Time-

Temperature Indicators (TTIs) refer to cheap, less complicated devices that evaluate easily time-

temperature dependent variation that mirror a full or partial temperature record of the designated 

food package (Kerry & Buttler, 2008, p. 80). This enables the device to discover any breaches 

in the product temperature record and thereafter calculates the time left before spoilage sets in 

(see figure 12) (Selman, 1995, p. 217). 

 

 

Figure 12. Illustration of typical temperature abuse (Yildirim, 2011). 
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The working principle is observed as a visible reaction in form of color change or alteration in 

color as a result of mechanical, chemical, enzymatic or microbiological irreversible changes in 

order to display the heat load a particular package has been subjected to in course of distribution 

(see figure 13) (Selman, 1995, p. 221; Robertson, 2009, p. 281). Variation in biological activity 

such as microorganisms, spores or enzymes towards time temperature is the basis of biological 

reaction (Sun, 2011, p. 726), whereas, chemical/ physical reactions are based on chemical 

reactions or physical change toward temperature (Pavelková, 2013, pp. 245-247).  

 

 

Figure 13. Typical food chain for fresh meat (Yildirim, 2011). 

 

Consequently, there is a need for TTIs that respond suitably to the varying critical time-

temperature combinations because different food product reacts differently to the storage 

conditions. However, the simple concept of the TTIs is same for all types, for example the bio-

chemical reactions progress at different degrees as the temperature is changed. The indicator 

reaction varies continuously during storage, or suddenly as soon as a particular time-temperature 

effect has been surpassed. Quality decline of food as a result of degradation process indicates 

that at high temperature the rate of changes is increasing (see figure 14 and 15) (Ahvenainen, 

2003, p. 126; Pavelková, 2013, pp. 245-247).  

 

Time-temperature indicators are classified into three categories, namely; 

1. Critical temperature indicators detects temperature exposure which is beyond or beneath a 

reference temperature. It is useful in some important food activities such as protein 
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denaturation taking place at temperature above critical value and growth of pathogenic 

microorganisms’ propagation. 

2. Critical temperature/ time integrators CTTI entails revealing the quality drawback occurring 

at the distribution chain as well as food products with vital bio-chemical activities that have 

impart on product safety and quality such as prevention of microbial growth and activity of 

enzyme under critical temperature. 

3. Time temperature indicators are effective in ascertaining constant reaction of a product to 

temperature changes throughout the products history (Pavelková, 2012, pp. 282-284; 

Pavelková, 2013, pp. 245-247).  

 

 

Figure 14. CheckPoint®III Label (Vitsab International, Sweden) and Fresh check indicator 

Temp-Time (Ragarert, 2012; Kerry, 2006). 

 

Considerable number of product quality benchmarks must be accomplished for TTI to possess 

positive marketing impact. Activation and usage must be effortless. It must be pertinent that the 

indicators are free from interference. Incorporation into the container and activation must be 

done during packaging activity. They must be stored under the reference temperature or a 

physical activation is required because of their constantly active nature. Some indicators should 

be kept under room temperature since they are capable of activating themselves, thus, they are 

non-physically activated. Reaction measurement to storage temperature must be precise and 

fast. The reaction should be irreversible and readily signify the actual negative impact on the 

food. Cumulating capability of time and temperature effect is another requirement TTI should 

possess. Finally, the appliance should provide unambiguous reading that will not be deceiving 

to the consumer (Bengtsson & Ohlsson, 2002, p. 107).  
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The drawback of the TTI’s application which affects its commercial value is its inability to read 

and provide the actual temperature of the product. It has been noted that the indicator only detect 

the package surface temperature. For instance, the indicator will reveal the temperature of the 

carton package enclosing the plastic package that harbor the product instead of detecting the 

temperature of the product which is considered lower than that of the carton surface. When 

sourcing for a practical indicators, this fact must be considered. Again, confusion among end 

users can arise from the disagreement between TTIs response and declare “use by” date on the 

package (Bengtsson & Ohlsson, 2002, p. 107). 

 

 

 

Figure 15. Time temperature indicators (TTI) (Yildirim, 2011). 

 

1.7.5 Freshness indicators or microbial spoilage detectors 

These kinds of indicators are aimed at warning the consumer of impending danger from 

consuming deteriorating food products. They are located inside the package in order to reveal 

the chemical degradation and microbiological activity taking place within the food product 

(Feliciano, 2009; Robertson, 2009, p. 270; Kerry & Buttler, 2008, p. 80).  They are designed to 
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react with particular by-products that is released as a result of spoilage activities taking place in 

food product (see figure 16) (Ahsen, Aslıhan & Taner, 2013; Dimitrios, 2012, p. 46). 

 

These byproducts such as carbon dioxide, organic acids, ethanol, biogenic amines, hydrogen 

sulphide etc. can be in form of a metabolite emanating from microbial growth or chemical 

substance produced during enzymatic activity and chemical processes(Heldman & Lund, 2006, 

p. 904; Sun, 2011, p. 336). 

 

 

Figure 16. Color changes to a bromocresol green (BCG) sensor in response to a fish spoilage 

(Feliciano, 2009). 

 

Many types of freshness indicators of various categories that offer promise in meat and poultry 

products have been described .The indicators with the working principle centered on color 

change because of reaction to microbial metabolites generated in the course of decay makes up 

the majority of freshness indicators (Brown, 2008, p. 19; Sun, 2011, p. 335; Selman, 1995, p. 

220). 

 

The Timestrips (Timestrip., UK) are portable tags that monitor the duration a product has been 

in use or the duration it has been open. Timestrips is a once-use consumer activated smart-label 

for checking expired period of perishable products. The label is automatically activated as soon 

as the product package is opened or manually activated as external label by the user at the 

beginning of product consumption (Selman, 1995, p. 230).                                                     
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The Lifeliness Freshness Monitor and Fresh-Check TTI (Temp-time Corp., NJ) involve a solid-

state polymerization reaction that result in very strong colored polymer. Reduction in reflectance 

of the color change evaluates the response of the TTI by comparing the reference color ring and 

surrounding active color at the center (Pavelková, 2013, pp. 245-247). 

 

The OnVu TTI, (Ciba Specialty Chemicals & Freshpoint, SW)  also relies on solid-state reaction 

of photosensitive compounds, organic pigments e.g benzylpyridines in which color change with 

time is depended on temperature. The indicator is designed on the principle of inherent 

reproducibility of reactions in crystal phase (Kerry, O'Grady & Hogan, 2006, pp. 113-125). 

 

In Vitsab CheckPoint TTI (Vitsab A.B., Sweden), the color change is caused by declined pH 

emanating from lipid substrate regulated enzymatic hydrolysis. The indicator consist of two 

distinct unit containing lipolytic enzyme aqueous solution and lipid substrate suspended in 

aqueous medium and pH indicator mix (Kerry, O'Grady & Hogan, 2006, pp. 113-125). 

 

The eO TTI (Cryolog S.A., France) depends on pH variation that result from controlled growth 

of selected strains of lactic acid bacteria with appropriate pH indicators to reveal the color 

change(Pavelková, 2013, pp. 245-247). 

 

The TT Sensor TTI (Avery Dennison Corp., USA) is a diffusion-reaction based indicator. 

Diffusion of a polar compound between two polymer layers leads to a concentration change that 

bring about color change of a fluorescent indicator to bright pink from yellow.  

 

The 3M Monitor Mark TTI (3M Co., Minnesota) is also an indicator that operates on the 

molecular diffusion-reaction concept (see figure 17). Blue-dyed fatty acid ester diffuses along a 

porous wick consisting of high quality blotting paper. At a temperature dependent rate, a 

viscoelastic substance travel into the diffusely light reflective porous matrix. The indicators’ 

response is evaluated as the blue dye progress along the track and get to completion after all the 

five windows are blue (Pavelková, 2012, pp. 282-284; Pavelková, 2013, pp. 245-247). 
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Freshness Check (3M Co., Minnesota) is another diffusion-reaction based TTI where migration 

of viscoelastic substances into a diffusely light reflective porous matrix at a temperature 

dependent rate results in constant change in the light transmission of the porous matrix 

(Pavelková, 2013, pp. 245-247).  

 

SensorQ by Food Quality Sensor International/SM (see figure 18) is based on pH-sensing 

technology which detect anthoyanines, it assures freshness/degradation degree of packed meat 

and poultry by reacting with biogenic amines from microbiological origin (Pavelková, 2013, pp. 

245-247; Ahsen, Aslıhan & Taner, 2013). 

 

 

Figure 17. The structure of an OnVu™ label (Yildirim, 2011). 
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Figure 18. Sensor Q (Ragarert, 2012). 

 

However, considering some food products, indication of low quality might not be the function 

of the targeted metabolites because of the broad spectrum of color changes 

There are also indicators that have been designed using biological species or antibodies such as 

enzymes, proteins, nucleics acid etc. At present two biosensor systems are commercially 

available (Taoukis, & Labuza, 2003). 

Toxinguard (see figure 19) developed by Toxin Alert (Ontario, Canada) is a visual diagnostic 

system that integrates antibodies in a polyethylene-based plastic packaging and is capable of 

identifying Salmonella sp., Campylobacter sp., E. coli 0517 and Listeria sp (Otles & Yalcin, pp. 

5-6; Kerry, O'Grady & Hogan, 2006, pp. 113-125).  

  

 

Figure 19. Milk bottle has a freshness indicator that turns from white to red as the level of lactic 

acid increasing. When the milk has gone sour, the indicator turns to bright red (Otles & Yalcin, 

p. 6). 
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Another instance of the new technology is Food Sentinel Systeme (see figure 20) (SIRA 

Technologies, California USA). This is a biosensor model capable of continuous detection of 

contamination through immunological reactions occurring in part of a barcode. The barcode is 

rendered unreadable by the presence of contaminating bacteria (Newman & Setford, 2006, pp. 

249-253). 

 

 

Figure 20. Yellow arrows show contamination by bacteria rendering bar-code unreadable Food 

Sentinel SystemeTM (Kerry, O'Grady & Hogan, 2006, pp. 113-125; Kerry, 2006) 

 

Furthermore, such systems of using biological entities or antibodies give some insight into 

products likely to become mainstream of sensor technology in the years to come (Kerry, 

O'Grady & Hogan, 2006, pp. 113-125).  

 

1.8 Sensors 

A mechanism that recognizes, reveal or calculate energy or particulate matter, sending out a 

green light for the identification or estimation of a physical or chemical specie that is responsible 
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for the action of the device is known as sensor.  Here, stimuli emanating from various chemicals 

or chemical reactions are being acted upon by the chemically or physically sensitive sensors 

(Huff 2008; Dimitrios, 2012, p. 43).  

Selectivity and sensitivity to a preferred specie in a mixture of species in addition to delivering 

of continuous signal output can be used to classify a device as a sensor. The extent to which the 

sensors react to the relevant species aimed at in a system without disturbance from irrelevant 

constituents is known as selectivity while sensitivity refers to the minimal concentration and 

concentration changes that can be positively and continually detected by the device (Fraden, 

2004, p. 500; .Dimitrios, 2012, p. 323). 

 

Applying sensors approach in quality assurance inspection is fast, dependable and economical 

in maximizing the quality and safety of food products, through shelf life prediction based on the 

standard quality control procedures. They represent a suitable replacement for the existing 

methods which are time consuming and expensive quality measurements (Kerry, O'Grady & 

Hogan, 2006, pp. 113-125; Kohl & Wagner, 2014, p. 67). 

 

Categories of sensors 

Sensors can be classified according to the actual indicators phenomenon involved in recognition, 

and they can also be grouped by the kind of approach adopted in measurement. In this regard, 

sensors are divided into two major distinct groups. This include direct (simple) and indirect 

(complex), with further subgroups that vary between the chemically reactive devices and 

physically reactive devices (Fraden, 2004, p. 501; Dimitrios, 2012, p. 323).  

 

Direct chemical sensors 

Direct chemical sensors make use of any type of chemical reaction occurrences that directly 

impact a quantifiable electrical attribute such as resistance, potential, current, or capacitance 

(see figure 21). These devices involve some kind of electrical signal mechanism that are devoid 

of activities of transducers (Fraden, 2004, p. 501; Heldman & Lund, 2006, p. 904).  
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Figure 21. Direct device (Fraden, 2004, p. 502). 

 

Examples include, Metal-Oxide Chemical Sensors to detect reducible gases such as methyl 

mercaptane (CH3SH) and ethyl alcohol (C2H5OH), chemical field effect transistor sensors 

(ChemFETs) for detecting H2 in air, O2 in blood, some military nerve gases, NH3, CO2, and 

explosive gases, electrochemical sensors (conductometric, potentiometric, amperometric), 

enhanced catalytic gas sensors, elastomer chemi-resistor for hydrocarbon detection etc. (Fraden, 

2004, p. 502; Kuswandi et al., 2011, pp. 137-142).  

 

Complex devices 

Complex devices involve chemically-motivated concepts that do not have direct impact on the 

electrical characteristic whereby the demand to incorporate a transducer into the arrangement 

will be needed to interface with common measurement electronics (see figure 21). Non-direct 

quantities include change in geometry, frequency fluctuation, light modulation, temperature or 

emitted heat change as well as mass change (Fraden, 2004, p. 513; Narayanaswamy & 

Wolfbeis,, 2004, p. 53). 

 

The two functional components that constitute a typical complex sensor are a receptor and a 

transducer. Conversion of physical or chemical information into a form of energy which can be 

evaluated by the transducer takes place in the receptor. The transducer is a device that is capable 



70 
 
 

 

of transforming the information encoded on the energy bearing to physical or chemical entities, 

into a signal which is practically analyzable. Sensors that fall into this category are thermal, 

pellister catalytic, opto- chemical, mass detectors, biochemical, enzyme sensors etc. (Fraden, 

2004, p. 513; Gründler, 2007, p. 137).  

 

Figure 22. Complex device (Fraden, 2004, p. 501). 

 

Common chemical-sensor designs require that the sensing element chemically react with the 

analyte to effect a measurable change in the indicator (phenomena) or signal. This negatively 

affects the device and introduces stability problems. The chemically reactive devices suffer 

when there is incomplete reversibility, when there is depletion or consumption of the 

sensor/analyte chemicals (electro- chemical cells use up electrolyte and some electrodes get 

consumed), or when there is no species-specific reaction (including interference from other 

species) (Arora et al., 2011, pp. 1-8; Gründler, 2007, p. 227).  Physical chemical sensors do not 

require a chemical reaction to take place, but isolate and employ a physical reaction to indicate 

the presence of a chemical species. These devices regularly demonstrate less drift and better 

stability than true chemically reactive devices, but often at the cost of significant additional 

instrumentation and slower reaction times (Fraden, 2004, p. 513 Dimitrios, 2012., 2012, p. 323). 
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Lately, there has been fast advancement in chemical and biochemical sensors. The leading 

category of transducer with prospective utilization in food packaging includes electrical, 

thermal, optical or chemical signal domains (Arora et al., 2011, pp. 1-8). Despite the utilization 

challenges of sensors in the food packaging industry, concrete moves towards the acceptability 

have been achieved with modern advancement in the sensors technology reducing the disparity 

between the theoretical and commercial value (Newman & Setford, 2006, pp. 249-253; Peter, 

2007, p. 227). Commercial utilization of sensors is hampered by high development and 

production costs, rigorous industry specifications, safety considerations and relatively limited 

demand from consumer and industry (Kerry, O'Grady & Hogan, 2006, pp. 113-125; Reiman & 

Schutze, 2014, pp. 279-309). 

 

1.8.1 Gas sensors for Food Packaging 

A gas sensor is a device in which the mode of operation depends on changes in the physical 

parameters of the sensors which are examined by an external device (Kirchner, Reisert & 

Schöning, 2014, pp. 279-309). Gas detection systems currently available include amperometric 

oxygen sensors, potentiometric carbon dioxide sensors, metal oxide semiconductor field effect 

transistors, organic conducting polymers and piezoelectric crystal sensors (Kerry, O'Grady & 

Hogan, 2006, pp. 113-125; Narayanaswamy & Wolfbeis,, 2004, p. 53). 

 

Electrochemical methods are known to be the principle behind standard systems for oxygen 

sensors. They have a number of drawbacks due to its non-reversibility ranges from factors such 

as consumption of analyte (oxygen), loss of small amount of electrolyte, quick burnout of the 

heating element, cross-sensitivity to carbon dioxide and hydrogen sulphide and fouling of sensor 

membranes. Additionally, destructive analysis of packaging is associated with the procedure 

(Fraden, 2004, p. 513; Kuswandi et al., 2011, pp. 137-142). 

 

Optical oxygen sensors consist of solid state materials that functions through the theory of 

luminescence quenching or absorbance changes caused by direct contact with the analyte. Due 

to the fact that this kind of procedure entails non-destructive testing through translucent 
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materials, the solution is potentially appropriate in intelligent packaging (Jiˇí Janata, 2009, p. 

303; Connolly, 2007, pp. 103-108; Peter, 2007, p. 215). 

 

In addition, the inert nature of the solid-state sensors enables them to become passive in the 

reaction and does not consume the analyte. Hence, optical sensors have the prospect to improve 

the quality assurance system through detection of spoilage metabolites or microbial activities 

such as formation of hydrogen sulphide, carbon dioxide and amines (Kohl & Wagner, 2014, p. 

279). Optical-chemical sensing technology comprises of: (a) a fluorescence-based system using 

a pH sensitive indicator, (b) absorption based colorimetric sensing realized through a visual 

indicator and (c) an energy transfer approach using phase fluorimetric detection (Kerry, O'Grady 

& Hogan, 2006, pp. 113-125; Gründler, 2007, p. 215).  Figure 23 below shows the set-up of a 

typical oxygen measurement of food packs. 

 

 

Figure 23. Oxygen sensing equipment (Kerry, 2006). 
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Fluorescence based oxygen sensors 

Fluorescence based oxygen sensors are regarded as the most developed and prospective 

methodology till present for analyzing headspace gases in packaged products. They give quick 

determination of oxygen concentration when combined with precise instrumentation as well as 

easy disposability and low cost of production (Clark, 2013, pp. 141-152; Narayanaswamy & 

Wolfbeis,, 2004, p. 23). A long delay fluorescent or phosphorescent dye embedded in a solid 

polymer matrix is the cardinal functional entity of fluorescence-based oxygen sensors 

(Connolly, 2007, pp. 103-108). 

 

Manufacturing of the sensors consist of dissolving a lipophilic indicator dye and an appropriate 

polymer support in an organic solvent in simplistic manner. This mixture is applied to a solid 

substrate such as a polyester film or glass and allowed to dry to produce a fluorescent film 

coating or spot. Commercial production possibilities can be achieved through common coating 

techniques that lend themselves to large scale, continuous production (casting, dipping, spin 

coating, drop dispensing and spraying). Sensors are generally 1–2 cm in diameter, they are 

colored (due to the dye) and are readily visible on different support materials (Alocilja & Wang, 

2009, 196-250). 

 

A thin film of dye-polymer coating is fitted onto a suitable solid support. When gaseous oxygen 

infiltrate the sensitive coating it quenches the luminescence by collision mechanism with the 

process of mere diffusion. By means of a predetermined calibration, oxygen is quantified 

through estimating the variation in the luminescence parameters from the oxygen sensing 

element in contact with the gas or liquid sample. Moreover, this process is neat and flexible 

since oxygen is not used up in the photolytic process, no end products are produced and the 

whole sequence can be performed more than one time (Jiˇí Janata, 2009, p. 303; Kohl & Wagner, 

2014, p. 279). 

 

Strict sensitivity, temperature dependence, stability, intrinsic toxicity, as well as working 

performance requirement such as quick response, are the essential criteria any material for 

oxygen sensors must exhibit. Other characteristics include fluorescence features e.g. micro-

second range of lifetime, suitable intensity, well-resolved excitation and emission long-wave 
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bands and good photo-stability characteristics of the indicator dye. The sensitivity and effective 

working range of optical-chemical sensors depends on the combination of indicator dye and the 

embedded polymer medium in which oxygen quenching occurs (Watkins, 2003, p. 114). The 

combination of dye with relatively long emission lifetime (40–500 ls) such as pt-porphyrins and 

polystyrene as polymer matrix display high possibility for utilization in food packaging 

applications (Mills, 2009, pp. 375). 

Another arrangement with tangible distinct attributes is sensors on micro-porous support 

materials for important detecting activities including those applicable to food packaging 

systems. Polyamide, polyethylene terephthalate and PVC which are known for their good gas 

barrier properties are unsuitable for oxygen sensing since oxygen quenching is not accelerated 

in such media. Toxicity concerns as a result of possible plasticizer migration limit the use of 

plasticized polymers (Kerry, O'Grady & Hogan, 2006, pp. 113-125). 

 

1.8.2 Biosensor application in Food packaging 

Biosensors are a special kind of chemical sensors in form of a compact analytical device that 

sense, record and communicate analytical data corresponding to biological processes (Newman 

& Setford, 2006, pp. 249-253; Kuswandi et al., 2011, pp. 137-142). As displayed in figure 24, 

biosensors principle of operation depends on biologically active materials in combination with 

several physical sensing elements (e.g., amperometric or thermal). The bio-receptor is aimed at 

a specific analyte resulting in biological signals that can be transformed into quantifiable 

electrical pulses in a transducer. 

 

The following biological elements may be detected qualitatively and quantitatively by the 

biosensors: organisms, tissues, cells, organelles, membranes, enzymes, receptors, antibodies, 

and nucleic acids (Newman & Setford, 2006, pp. 249-253; Dimitrios, 2012, p. 50). 

Immobilization of the analyte on the physical transducer is the critical factor in biosensor design. 

The immobilization must restrict the biological active material on the sensing gadget and 

prevent it from leaking out over the lifetime of the biosensor, it must permit access contact to 

the analyte solution, it must stop diffusion of any product out of the immobilization layer, and 

it should not destroy the identity of the biological active material (Arora et al., 2011, pp. 1-8). 
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Bio-receptors can be in form of organic materials such as enzymes, antigens, microbes, 

hormones, and nucleic acids while transducers can be electrochemical, optical, calorimetric etc. 

as well as  being system dependent (Yezza, 2009). Biosensors incorporation into intelligent 

packaging has been shown to have future prospect for high specificity and reliability. However, 

most of the existing biosensor technologies do not have the necessary potential to succeed 

commercially in food industry in the long run (Fraden, 2004, p. 519; Mills, Hazafy & Lawrie, 

2011, p. 60). 

 

Figure 24. Biosensors (Alocilja & Wang, 2009, p. 250). 
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2 MATERIALS AND METHODS 

 

 

Information about important properties for ideal food packaging indicators has been collected 

from established research works regarding recent advancement. Also consultation from the 

leading professionals and experts in food packaging indicator technology has been done. These 

important properties are outlined below 

1. Indicators should be affordable and the total cost effect on a unit package should be 

insignificant 

2. They should be able to function without external analytical equipment and instrumentation. 

However, if the external equipment would be needed, such equipment has to be inexpensive 

and non-complex in operation 

3. They should be easy to read for example it must discernable by layman’s eyes 

4. Incorporation and attachment of an indicator to a package and handling of it should be very 

simple  e.g. in form of ink 

5. The entities making up the indicators should be insoluble in water as well as authorized by 

a proper legislative organization in food packaging. 

6. An indicator should be able to last for long periods with simple storage techniques 

7. Activation of an indicator has to take effect after the sealing operation 

8. Indicators should be able to be used in aerobic environment during incorporation and 

attachment into packages   

9. Due to high sensitivity of some oxygen indicators, an ideal oxygen indicator should be 

tuneable for example it should have the ability to detect oxygen in an active packaging with 

oxygen scavenger and also to respond to oxygen concentrations above residual oxygen in 

MA packages. 

10. It should react irreversibly to the presence of oxygen. (Lawrie, Mills & Hazafy, 2013, p. 

1155; Mills, 2005, pp. 1003-1010). 

Examples of different indicators found, manufacturers and trade names of currently available 

color indicators are listed in Tables 9.Table 10 describes and compares the characteristics found 

in examples of oxygen indicators with those of an ideal oxygen indicator. 
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Table 10. Indicators, manufacturers and trade names. 

Indicators Type Form 
Irrever

sibility 

Mode of 

activation 
Purpose 

Manufacturer 

information 
Storage 

3M™ 

MonitorM

ark™ 

Time- 

Temp 

Device/ 

Gadget 

outside  

Yes Manual 

Activation 

by 

removing 

the strip 

Temperature Exposure 

Inside Secondary 

Package 

3M Microbiology 

www.3M.com/micro

biology 

2 years at 

22oC and 20-

60% RH 

Time strip 

Plus™ 

Time- 

Temp  

Label 

outside the 

package 

Yes Manual by 

pressing 

activation 

pad 

Temperature-time 

exposure. Use for both 

product and any level 

of packaging i.e. 

Primary, secondary 

e.tc. 

Timestrip UK 

Limited 

www.timestrip.com 

Not specified 

but can be 

stored under 

any 

temperature 

(eO)® 

Microbi

al/Time

-Temp 

Label/ 

outside 

Yes Already 

activated 

Monitor quality of 

food in cold chain  

TRACEO 

Cryolog.com 

Not specified 

Vitsab L5-

8 Smart 

TTI SF 

Time-

Temp/ 

Microbi

al 

Label 

outside 

Yes Manual 

activation 

Monitor time-temp in 

relation to microbial 

growth 

Vitsab international 

www.vitsab .com 

Not specified 
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Table 10 continues. Indicators, manufacturers and trade names. 

Indicators Type Form 
Irrever

sibility 

Mode of 

activation 
Purpose 

Manufacturer 

information 
Storage 

OxyDot - 

O2xyDot® 

Oxygen Dot shape 

sticker 

place 

inside the 

package 

Yes By optical 

OxySense® 

fiber optic 

reader-pen 

Non-invasive oxygen 

measurement for 

sealed package 

OxySense, Inc. 

Oxysense.com 

Not specified 

AGELESS 

EYE 

oxygen Tablet 

inside 

package 

No Already 

Activated 

Detect presence of 

oxygen 

Mitsubishi gas 

chemical company, 

Inc www.mgc.co.jp 

Keep at 150C 

under 

anaerobic 

condition in 

dark place 

Food fresh 

Freshne

ss 

Label/ 

inside 

Yes Opening of 

the package 

Monitor package 

opening period i.e. 

secondary shelf life 

Insignia Tech Ltd 

www.insignia.mtcser

ver11.com/ 

Not specified 

Tell-Tab 

oxygen Tablet 

inside 

package 

No Already 

Activated 

Detect presence of 

oxygen 

Impak Corporation 

www.sorbentsystems

.com/  

Keep at 150C 

under 

anaerobic 

condition in 

dark place 
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Table 10 continues. Indicators, manufacturers and trade names. 

Indicators Type Form Irrever

sibility 

Mode of 

activation 

Purpose Manufacturer 

information 

Storage 

Fresh-

Check® 

Time- 

Temp 

Sticker 

Outside 

Yes Already 

activated 

(self) 

Monitor freshness 

through temperature 

exposure 

TEMPTIME Corp 

(USA) 

www.temptimecorp.

com 

Not specified 

TOPCRY

O™ 

Microbi

al/Time

-Temp  

Label/ 

outside 

Yes Already 

activated 

interprets the 

time/temperature 

impact 

TRACEO 

www.traceo.com 

Not specified 

Food 

Sentinel 

SystemeTM 

Microbi

ology 

Inside / 

Label 

Yes  Microbial detection SIRA Technologies, 

California, USA 

Not specified 

TT 

SensorTM 

TTI 

Time- 

Temp 

    Avery Dennison 

Corp., USA 

Not specified 

O2Sense 

oxygen Integrated 

into 

packaging 

substrate 

Yes Optical 

reader & 

visual 

indicator 

Measure oxygen 

amount in the package 

Freshpoint Holdings 

SA & BASF 

www.freshpoint-

tti.com 

Not specified 
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Table 10 continues. Indicators, manufacturers and trade names. 

Indicators Type Form Irrever

sibility 

Mode of 

activation 

Purpose Manufacturer 

information 

Storage 

OnVuTM 

TTI 

Time-

Temp 

Label 

outside 

package 

Yes Ultraviolet 

activation 

Cold chain 

distribution 

temperature checker 

(BASF Specialty 

Chemicals & 

Freshpoint, SA) 

Not specified 

SensorQTM 
Microbi

ological 

Label 

inside 

Yes  Indicate microbial 

spoilage 

Food Quality Sensor 

International/SM 

Not specified 

Toxinguar

d TM 

Microbi

ological 

Print as 

bar code 

Yes Bar code 

reader 

Indicate Microbial 

spoilage 

Toxin Alert 

(Ontario, Canada) 

Not specified 

onvuTM 

active ink 

technology 

Freshne

ss/Tem

peratur

e 

Ink/Label Yes Ultraviolet 

radiation 

Monitor Temperature 

across cold chain 

distribution 

Freshpoint Holdings 

SA 

&BASFwww.freshp

oint-tti.com 

Not specified 

onvuTM 

Logistic, 

active ink 

technology 

Temper

ature 

Ink/label Yes Ultraviolet 

radiation 

Monitor Temperature 

across cold chain 

distribution 

Freshpoint Holdings 

SA 

&BASFwww.freshp

oint-tti.com 

Not specified 
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Table 10 continues. Indicators, manufacturers and trade names. 

Indicators Type Form Irrever

sibility 

Mode of 

activation 

Purpose Manufacturer 

information 

Storage 

onvuTM Ice, 

active ink 

technology 

Thawin

g/Fresh

ness 

Ink/Label Yes Ultraviolet 

radiation 

Monitor Thawed and 

refrozen 

Freshpoint Holdings 

SA 

&BASFwww.freshp

oint-tti.com 

Not specified 

Bestby TM 

Process 

Shelf 

life 

Label Yes Activated  Monitor package 

opening period i.e. 

secondary shelf life 

Freshpoint Holdings 

SA 

&BASFwww.freshp

oint-tti.com 

Not specified 

CoolVu 

Food 

Time- 

Temp  

Label Yes Manual 

activation 

Read temperature 

history 

Freshpoint Holdings 

SA 

&BASFwww.freshp

oint-tti.com 

Not specified 
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Table 11. Ideal and real oxygen indicator properties (Mills, 2005, p. 1005). 

  Types of indicator   

 

Luminescence-

based indicators 
 

Colorimetric-based 

indicators   

Ideal 

property 
Intensity  Lifetime   

O2-binding 

complexes 

Dark redox 

reactions 

Light-driven 

redox reactions 

Inexpensive        

Clearly 

discernablea 
   -  - 

Non- toxic      - 

Long 

ambient 

shelf life 

- -    - 

In-pack 

activation 
     - 

Irreversible       - 

Tuneable      - 

Ink-based 

examples 
- -   - - 

Non-water 

soluble 
- -   -  

References 7-12 7-13  14–16 17–22 25–30 

a for example, no supporting analytical instrumentation required, capable of assessment 

using the human eye. 

  

 

2.1 Selections of indicators 

Hence, after thorough examination and evaluation, colorimetric indicators based on simple 

redox chemistry have been selected for further analytical purpose in this research  due to the 

underlying advantage that include well-established usefulness and high suitability to package 
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research or testing of package equipment. Moreover, due to unavailability of light driven oxygen 

indicators, a laboratory sample of such indicators that is still under extensive research work was 

acquired from VTT laboratory Finland. In addition, a luminescence based oxygen sensor that 

can be read using a Mocon Op-Tech O2 Platinum (Mocon Inc., Minneapolis, MN, USA) 

measurement device, which allows for instant oxygen readings ranging from 0.001% to 25% O2 

in 0.5 s and a microbiological based indicator (still under scientific investigation at Abo 

Academy) were among the indicators picked for this research work. 

 

2.2 Sample preparation  

Freshly prepared raw chicken sample was collected from a Lappeenranta food store. A weighing 

scale was used to weigh 650 g of chicken meat into a tray with dimension 260 by 205 by 35 

mm. The tray was made of Stora Enso Trayforma board 350 g/m2 + 40 g/m2 PET.  The trays 

were produced using LUT flexible packaging line.  For this application a high barriers lid of 

poly film material with a thickness of 45 micron was heat sealed to the tray after product filling. 

The film material was supplied by Westpak and has the brand name WestTop 405B PET.  Before 

sealing, oxygen scavengers (highest and lowest grade samples of 200 cc & 50 cc oxygen 

absorption), Ageless eye and Impak indicators were placed on the chicken samples inside the 

pack. Spoilage indicators produced at Åbo Akademi University (ÅAU) were attached to the side 

of the pack to avoid interaction with the chicken sample. Both VTT indicator and the optical 

oxygen sensor were attached to the reverse side of the poly film materials as stickers prior to 

entering the Ilpra filling line. The packages were filled by hand in this project. A combined 

process of vacuum applications followed by gas flushing and sealing using pure nitrogen gas as 

well as a gas mix of 30% carbon dioxide and 70% nitrogen gas, was arranged to remove oxygen 

from the closed system. Packaging was finalized using an Ilpra speedy (Italy) filling and sealing 

station, sealing a single tray per cycle. Subsequently, several control samples were set up using 

similar packing conditions except that chicken was excluded. These arrangement were put in 

place to investigate and assess the effects of the indicators without the chicken sample. 

Indicators, oxygen scavengers and sensors were grouped according to the expected result and 

were apportioned to the arrays of samples produced. Table 11 shows in detail the indicator and 

sensors categories versus their respective samples sub grouped.   
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Table12. Sample list with indicators and sensors categories. Number of samples produced are 

given in the table 

Indicators 

Category 

100% Nitrogen gas 
30% Carbon dioxide & 70% 

Nitrogen 

Chicken 

Sample 

Control Sample 

(Blank) 

Chicken 

Sample 

Control Sample 

(Blank) 

A 1 0 0 0 

B 4 0 0 0 

C 1 0 1 0 

D 1 0 0 0 

E 0 0 0 1 

F 3 0 1 0 

G 3 2 0 0 

H 2 3 2 1 

I 0 0 0 1 

J 0 1 0 3 

K 1 0 0 0 

L 0 0 1 0 

M 2 0 0 0 

TOTAL 18 6 5 6 

 

Group A = lowest grade O2 scavenger, mocon sensor & impak indicators 

Group B= lowest grade O2 scavenger, mocon sensor, impak, ageless eyes & VTT indicator 

Group C= Highest grade O2 scavenger, mocon sensor, impak, ageless eyes & VTT indicator 

Group D= Highest O2 scavenger, impak, & ageless eyes indicator 

Group E= Mocon sensor, ageless eyes & VTT indicator 

Group F= Highest grade O2 scavenger, mocon sensor, impak, & ageless eyes indicator 

Group G= Mocon sensor, impak, ageless eyes & VTT indicator 

Group H= Mocon sensor, impak, & ageless eyes indicator 

Group I= Mocon sensor & VTT indicator 
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Group J= Mocon sensor & ageless eyes indicator 

Group K= Mocon sensor 

Group L= Mocon sensor, Abo & VTT indicator 

Group M= Mocon sensor and Abo Indicators  

 

2.3 Visual and Oxygen Analysis 

Visual observations as well as oxygen measurement with Mocon op-Tech device were 

performed immediately after sealing operations at the processing line. After filling and sealing, 

the samples were stored in the refrigeration at 4 0C for pre-determined product shelf life of 14 

days. Both visual observation and oxygen measurement with Mocon op-Tech were performed 

at interval of 2-3 days throughout the storage period. At the end of the storage period, after 

completing the routine check (for example the oxygen measurement with Mocon op-Tech 

device and Visual checking), a destructive test was performed using a check point device from 

PBI Dan sensor to measure and crosscheck the final amount of oxygen and carbon dioxide in 

each sample package (see figure 26).  

 

The Mocon op-Tech arrangement with the handheld instrument and a portable computer with 

Mocon op-Tech software complying with standard ASTM (American Society for Testing and 

Materials ) F2714 is a convenient movable system for the measurement (see figure 25).  
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Figure 25. Mocon op-Tech sensor and device. 

 

 

Figure 26. Check point device. 

 

The visual analysis was carried out with the aid of standard color guide acquired from a previous 

study performed on the indicators. This color guide comprises of behavioral pattern of indicators 

to the presence of oxygen at varying level. The rating was based on a six point scale depicting 
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gradual change in color of the indicators (see figure 27). However, there was no established 

color guide for VTT and Åbo Akademi indicators which resulted in compiling observation based 

on current experimental investigation. 

 

The inactivated VTT indicators were activated after 24 hours according to given instructions 

with a small heated metal at 150oC applied directly on the back side of the lidding film at the 

point of contact where the indicator was located. In addition, the final reaction of the respective 

indicators to atmospheric oxygen was observed at the end of the whole procedure.   

     

    P          DP        VDP      VLB        LB           B  

 

Figure 27. Sample Color guide. Impak and Mitsubishi Indicators Grading: P is pinkish (1), DP 

is dark pinkish (2), VDP is very dark pinkish (3), VLB is very light bluish (4), LB is light bluish 

(5) and B is bluish (6). VTT Indicator Grading: Y is yellowish (1), LB is light bluish (2) and B 

is bluish (3).  

 

2.4 Package Testing 

Packages that exhibited high percentage of oxygen measurement at the end of the sample shelf 

life were subjected to the dye penetration test method to determine the nature and point of 

leakages in the package. 
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3 RESULTS 

 

 

The investigation in this study was carried out to determine the packaging performance and 

suitability of a range of indicators which were incorporated into packages to respond to the 

oxygen ingress into the packages within 14 days retail required storage period. In order to 

monitor the reaction of these indicators to oxygen presence, three different basic approaches 

were engaged in the experimental procedure. These three basic packaging approaches involved 

two different kinds of gaseous headspace (100% Nitrogen and 30% carbon dioxide & 70% 

Nitrogen); secondly, employing the scavengers alteration (High, low and without scavengers), 

and thirdly, using product content alteration (for example filled and empty packages). The 

oxygen readings throughout the keeping time with Mocon op-Tech as well as values of both 

oxygen & carbon dioxide derived from using checkpoint device are presented in table 13. 

Furthermore, results for the visual observation of the various indicators and the parent packages 

listed in table 14.  Check points reading in table 13 represent the end values of oxygen and 

carbon dioxide measured through the use of check point device on day 14. Also, the check point 

device reading for sample LO1 was impossible to measure due to the complete spoilage of the 

sample content at the end of the trial.  
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Table13. Oxygen and CO2 Reading. 

Device 
Mocon op-tech (% oxygen) 

Check point 

(CP)  

Day                                      

            Samples   
1 3 5 7 10 14 

O2 

(%) 

CO2 

(%) 

L
O

W
 &

 H
IG

H
 S

C
A

V
E

N
G

E
R

 P
A

C
K

S
 

LO1 0,162 1,62 4,345 3,957 3,763 2,078 Iesm Iesm 

LO2 0,107 0 0 0 0 0 0,102 27,8 

LO3 0,039 0 0 0 0 0 0 26,5 

LO4 0,083 0 0 0 0 0 0 26,6 

LO5 0,296 0 0 0 0 0 0 23,6 

HI1 0,167 0,128 0,253 0,13 0,075 0 0,4 26 

HI2 0 0 0 0 0 0 0 26,2 

HI3 0,102 0 0 0 0 0 0 25,7 

HI4 0,058 0 0 0 0 0 0 26,2 

CO2HI6H1 0,315 0 0 0 0 0 0 30,8 

CO2HI6H2 0,083 0 0 0 0 0 0 31,5 

N
O

 S
C

A
V

E
N

G
E

R
 P

A
C

K
S

 

NO1 0 0 0 0 0 0 0 29,5 

NO2 0,08 0 0 0 0 0 0 27,6 

NO3 0,093 0 0 0 0 0 0 26,5 

NO4 0,145 0 0 0 0 0 0 25,9 

NO5 0,02 0 0 0 0 0 0 26,1 

ABO1 0,067 0 0 0 0 0 0 25,8 

ABO2 0,009 0 0 0 0 0 0 26,1 

MOCON1 0,151 0 0 0 0 0 0 24,5 

CO2NO1 0,157 0 0 0 0 0 0 34,5 

CO2NO2 0,004 0 0 0 0 0 0 35,5 

CO2ABO1 0 0,008 0,058 0 0 0 0 33,3 
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Table 13 continues. Oxygen and CO2 Reading. 

Device 
Mocon op-tech (% oxygen) 

Check point 

(CP)  

Day                                      

            Samples   
1 3 5 7 10 14 

O2 

(%) 

Co2 

(%) 

E
M

P
T

Y
 P

A
C

K
S

 

EMPT1 0 0,026 0,116 0,288 0,381 0,492 0,4 0,2 

EMPT2 0 0,003 0,082 0,232 0,325 0,428 0,4 0 

EMPT3 0 0,006 0,078 0,267 0,381 0,493 0,6 0 

EMPT4 0 0 0,046 0,193 0,27 0,387 0,5 0 

EMPT5 0 0,007 0,141 0,419 0,6 0,821 0,9 0 

CO2EMPT1 0 0 0,077 0,252 0,346 0,492 0,6 18,6 

CO2EMPT2 0 0,019 0,162 0,441 0,664 0,939 1 24,4 

CO2EMPT3 0 0 0,093 0,331 0,481 0,689 0,8 24,6 

CO2EMPT4 0 0,791 2,099 5,782 7,531 9,772 10,4 14,3 

CO2EMPT5 0 0 0,081 0,238 0,354 0,475 0,6 25,2 

CO2EMPT6 0 0 0,119 0,363 0,523 0,755 0,8 24,3 

 

Iesm= Immeasurable 
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Table 14 . Visual Checks. 

Indicators VTT Impak Ageless Eyes Abo 

Days                             

Samples 
3 5 7 10 14 3 5 7 10 14 3 5 7 10 14 3 - 14 

N2LOW      i      6 6 6 6 6 4 6 6 6 6  

ii na y y y y 4 5 6 dm dm 2 1 1 1 1  

iii na y y y y 2 1 dm dm dm 1 1 1 1 1  

iv na y y y y 2 1 dm dm dm 1 1 1 1 1  

v na fa fa fa fa 6 6 6 dm dm 5 3 1 1 1  

N2HIGH    i      1 dm dm dm dm 1 1 1 1 1  

ii na na na na na 5 dm 6 dm dm 1 4 4 4 4  

iii na na na y y 2 4 6 6 6 2 1 1 1 1  

iv na na na y y 2 3 dm dm dm 1 1 1 1 1  

v      2 1 5 6 6 1 1 1 1 1  

N2EMPTY i      2 4 4 6 6 2 4 4 6 6  

ii      3 5 5 5 5 3 5 5 5 5  

iii      4 4 4 4 4 4 3 4 5 5  

iv      3 4 4 6 6 4 3 4 6 6  

v na na na na na 4 4 4 6 6 3 3 4 6 6  

N2NO         i na na y y y 3 5 dm dm dm 2 1 1 1 1  

ii na na y lb lb 5 5 6 6 6 3 2 2 1 1  

iii na na na lb lb 3 5 6 6 6 4 2 1 1 1  

iv      4 6 6 6 6 4 1 1 1 1  

v      4 4 dm dm dm 2 1 1 1 1  

vi                db* 

vii                db* 

CO2HIGH i      4 4 4 dm dm 1 1 1 1 1  

ii na na na na na 2 1 6 dm dm 1 1 1 1 1  
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Table 14 . Visual Checks. 

Indicators VTT Impak Ageless Eyes Abo 

Days                             

Samples 
3 5 7 10 14 3 5 7 10 14 3 5 7 10 14 3 - 14 

CO2NO      i      5 6 6 dm dm 3 1 1 1 1  

ii na na na na na 3 4 4 dm dm 1 1 1 1 1  

iii na na na na na           db* 

CO2EMTYi y lb bl bl bl            

ii      - - 6 6 6 1 4 6 6 6  

iii           2 1 5 5 5  

iv           3 5 6 6 6  

v           2 3 4 4 4  

vi y lb bl bl bl      1 4 4 4 4  

na= Not activated, db= Dark brown, fa= Fail activation and dm= Damaged, y=Yellow, lb=light 

blue, and bl=blue 
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4 DISCUSSION AND ANALYSIS 

 

 

The oxygen values obtained by measurement using Mocon op-Tech equipment are analyzed and 

the resulting findings are further discussed below. 

 

4.1 Mocon op-Tech Reading 

A careful study of packages with chicken reveal that sample LO1 oxygen content continued to 

increase until day  3 after which a plateau level was reached which remained until day 10 and 

hereafter a decreasing trend began reaching 2.7 % by day 14. The check point device reading 

was inestimable due to sample glaring spoilage. Likewise sample HI1 shows similar 

observation. Sample HI2 and NO2 oxygen content was indifferent from day 1 at zero 

concentration throughout the period of testing.  

 

Measurements of oxygen content show increasing upward trends in the beginning  up to day 7 

which was the peak reading, after that the values show a decreasing trend for the samples LO1 

and HI1(see figure 28).  

 

HI1 oxygen content value measured during the last days for the two devices were not the same 

unlike other samples that were approximately same reading for the two device. 
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Figure 28.  O2 profile for deviated samples. 

 

Moreover, for high percentage of the chicken packages, oxygen content of the chicken sample 

had significant value on the first day while zero oxygen content was recorded for the subsequent 

readings (see figure 29). Only sample CO2NO has a different graphical curve that is different 

from the rest.  
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Figure 29.  Mean O2 profile for filled packages. 

 

In figure 30, empty packages displayed a distinct outcome of increasing oxygen concentration 

as an upward trend measured throughout the storage period. This is due to the permeation 

through the materials.  

 

Likewise, 30 % Carbon dioxide empty packages exhibited higher content of oxygen than the 

100% Nitrogen empty packages. 
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Figure 30. Mean O2 profile for Empty packages. 

 

4.2 Check point device Readings. 

Using the checkpoint device on the last day, sample LO1 and HI1 revealed traces of oxygen 

while the remaining sample had zero concentration of oxygen.  

 

Chicken samples packed under 30% carbon dioxide atmosphere show higher concentration of 

carbon dioxide than sample packed under 100% Nitrogen. This can be explained as a result of 

initial carbon dioxide level during sealing found inside the packages. However, for sample 

CO2ABO1, peak oxygen content was recorded at day 3. 

 

For empty packages, considering the 100% Nitrogen packages, only package 1 shows 

considerable deviation of 0.2% carbon dioxide. Perhaps, this can be attributed to partial gas 
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flushing. Improper gas flushing can also be noticed in empty 30% carbon dioxide packed sample 

with CO2 empty pack 1 & 4 showing a remarkable lower value outside the approximate range 

exhibited by other samples. Whereas, 100% Nitrogen empty packages shows a range of oxygen 

concentration levels 0.4-0.9% (except pack 4, with oxygen content of 10.4%) 30% carbon 

dioxide empty packages oxygen content ranges between 0.6 - 1.0%.  

 

4.3 Visual Inspection 

Activating VTT indicator posed a great challenge owing to the inconsistency in the heat transfer 

of the metallic object used for the activation. This led to the partial and excessive activation of 

the indicators resulting in unfavorable visual inspection (see figure 31). 

 

 

Figure 31. Failure in activation (LO5) and successfully activated (LO4) VTT indicators. 

 

Also, after activation, most of the VTT indicators stayed unchanged and practically displaying 

absence of oxygen as indicated by the ageless eye indicator. However, a positive outcome was 

recorded for few of the CO2 empty packages with sample indicators whereby response to the 

presence of oxygen after activation was ideal (see figure 32). 



98 
 
 

 

 

 

Figure 32 Positive outcome of VTT indicators. On the left phase 1 (at activation), in the middle 

phase 2 (day 1 of observation) and on the right phase 3 (last day of observation). 

 

The Impak indicator incorporated into the chicken packages was found to interact with the pack 

content resulting in visually unreadable indicators in some cases (see figure 33). Possibly, this 

might be as a result of moisture from the chicken product diffusing into then polymer casing of 

the indicator. This abnormality occurred at different phases during the storage period for various 

categories of samples. Also, the number of undecipherability varied according to different 

chicken packages. 
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Figure 33. Pack content infusing Impak indicator 

 

On the other hand, the Ageless Eye indicator was observed to perform optimally during the 

course of the experiment. Depending on the packages in which it was incorporated, its response 

to entrance and consumption of oxygen gas within the packages performed according to 

chemical and biological principle of gas packages. Oxygen transmission through the leaks in 

the seal area and package perimeter was immediately detected by the indicators which resulted 

in a temporary change in the color of the indicator (see Figure 34). However, due to the existence 

of oxygen scavenger (low and high) and microbes within the packages, the oxygen gas was 

either absorbed by the scavenger or used up by the microbial colonies to produced carbon 

dioxide. The subsequent oxygen gas gaining entrance into the packages experienced same 

treatment which made the indicators to revert back to its previous color indicating the absence 

of oxygen gas. 

Impak 
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Figure 34. Functional Ageless Eye and infused Impak indicator. 

 

Despite this general observation of the chicken packages, sample LO1 and HI1 shows 

considerable deviations. This implies that the indicator continue to respond to oxygen gas 

through irreversible color change depending on the concentration of oxygen gas. Similarly, 

same evaluation was also recorded for the empty packages (see figure 35). 

 

 

Figure 35. Pack showing irreversible color change of indicator. 

Impak 
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The Åbo Akademi indicator revealed the existence of microbial colonies just after the first day 

of storage and the color change remained unchanged throughout the duration of sample 

refrigeration (see figure 36). 

 

 

Figure 36. Distinct view of Åbo Akademi indicator. 
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5 CONCLUSIONS 

 

 

Incorporation and packaging performance of various food packaging indicators from different 

manufacturers were investigated with the aim of determining their applicability in the modified 

atmosphere packaging of chicken product. It was discovered that not all the food packaging 

indicators used in the test were suitable for all applications in this food packaging research study. 

 

Nondestructive estimation of oxygen immediately after sealing, and throughout the storage 

period as well as destructive measurement of oxygen content was carried out. The capacity to 

visually monitor the reaction of the food packaging indicator to the presence of oxygen within 

the package was also reported. 

 

The oxygen ingress into the packages with the aid of a Mocon op-Tech device and platinum 

indicator was extensively studied. Empty packages were found to have gradual increase in 

oxygen level, while the filled packages showed a decline in oxygen content. 

 

In the filled packages, gas flushing packaging methods for example 30 % CO2 / 70 % N2 gas 

and 100 % N2 gas in combination with or without oxygen scavenger had insignificant effect on 

the oxygen content variation, whereas, for empty packages some difference was noticed 

between the two gas flushing methods. 30 % CO2 / 70% N2 gas flushing method had mean 

oxygen value of 0.7 % increase and 100 % N2 gas flushing method had mean oxygen value of 

0.4 % rise at the end of the storage period. 

 

On the other hand, the 30 % CO2 / 70% N2 gas flushing method resulted in excess levels of CO2 

within the filled packages after the storage period. 

 

Ageless Eye indicators displayed an optimal effectiveness based on its overall performance, and 

all round properties as a food-packaging indicator. Its response to oxygen variation within the 

packages correlated with the reading from the Mocon op-Tech device. 
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VTT food packaging indicators showed good promise in terms of easy incorporation into 

packages. However, difficulty in activation was found to be a major drawback of the VTT 

Indicator as this can impact negatively on food packaging line. 

 

Åbo Akademi indicators showed quick response to microbial activities signifying high 

sensitivity. However, slight modification is still required to improve the ease of incorporation 

into packages. 

 

Even though food-packaging indicators employed in this research, work showed one or two 

signs of weaknesses, the Impak indicator to exhibit the highest instances of shortcoming. It was 

highly reactive to the presence of oxygen, and it was difficult to decipher between the phases of 

color change when examined visually with the color guide. In addition, it was practically 

unworkable with ready meals, chilled foods and frozen products packages due to their high 

moisture content. 

 

Generally, based on the overall result recorded during the investigation, Mocon oxygen sensor 

and Ageless Eye food packaging indicator showed an excellent performance within the scope 

of incorporation and detecting of oxygen inside the packages. However, limitations in 

performances with respect to food packaging operation were found in VTT, Impak and Åbo 

Akademi indicators. Non-product suitability in Impak; high sensitivity to oxygen and microbes 

in Impak and Åbo Akademi; difficulty in incorporation into package in Åbo Akademi; difficulty 

in activation in VTT indicators; and difficulty to evaluate visually  in VTT and Impak indicators. 
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