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ACTIVE AND INTELLIGENT PACKAGING.

PERSPECTIVES FOR DEVELOPMENT

1. DEFINITIONS OF ACTIVE 
AND INTELLIGENT PACKAGING

in literature, we meet a great number of definitions, with the

help of which we define the active and intelligent packaging.

Apart from the term “active and intelligent packaging”, we 

may find very often the names: “smart packaging”, “interactive

packaging” or sometimes, “innovative packaging”. the

mentioned terms are very frequently used without giving the

definition or explanation, what the author meant when

employing a given name [robertson 2006]. 

in spite of the fact that the names: “active packaging” and

“intelligent packaging” are very often used simultaneously, there

is a significant difference between them. in scientific literature,

it is most often understood that active packaging means the

packaging in which the additional components were

intentionally introduced to material from which it was made, or
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introduced to the inside of the packaging, or fixed to its external

side with the aim to improve the degree of the function, played

by the discussed packaging. On the other hand, the role of the

intelligent packaging is to monitor the properties of food

products and informing the used about the eventual changes.

such packaging is aimed at improvement of the quality and

increase of the value of the product owing to the improvement

of the convenience of use, detecting the attempts to open 

the packaging or makes stealing of the packaged product

impossible [ robertson 2006]. As the lack of the official

regulation had the impact on the lower interest of the solutions

of such type in europe, the european commission published

the regulation of the commission (eu) no 450/2009 of 

29 may, 2009 on materials and articles intended to come into

contact with food. the mentioned regulation defines these

materials in a following way: “active materials and articles

means materials and articles that are intended to extend the

shelf-life or to maintain or improve the condition of packed

food; they are designed to deliberately incorporate components

that would release or absorb substances into or from the

packaged food or the environment surrounding the food”

“intelligent materials and articles” mean materials and articles

which monitor the condition of the packed food or the

environment surrounding the food” 

unfortunately is was proved that we may encounter difficulties

in the appropriate classification of a given packaging or material

e.g. when oxygen is removed from the inside of packaging but

the effect is unintentional and small, then the packaging is not

classified as active [european commission 2011]. 

in literature, many authors extend the definition of intelligent

packaging by the additional functions. such solutions are very

often called smart packaging. some persons think that smart

packaging has the properties of active and intelligent packaging

at the same time. We may also find opinion that smart

packaging means such packaging that allows following the

product for its total life cycle (traceability) and analysis and

control of the environment inside or outside the packaging with

the aim to inform the producer, seller or consumer about the

condition of the product at a given moment [schaefer and

cheung 218]. such functions allow employing the packaging

in the internet of things [haręza and cierpiszewski 2019]. in

the preface to book “smart packaging technologies for fast

moving consumer goods” the authors classified all types of

packaging where it played more tasks as typical functions of

protection, easing the storage and giving information about

the product, as smart packaging. such definition of active and

intelligent packaging includes the projects of packaging where

mechanical, chemical, electric and electronic solutions were

employed, separately or in combination, with the aim of quality

maintaining or informing about the condition of the product

[kerry and Butler 2008]. in most of the review papers concerning

intelligent packaging, there are also considered the so-called

data carrier. they include bar codes and rfid markers. 

A lack of the univocal definition is the evidence of constant

development of the discussed systems and may also contribute

to misunderstanding.  

2. ACTIVE AND INTELLIGENT PACKAGING  
– CLASSIFICATION AND ExAMPLES 
2.1. ACTIVE PACKAGING 

Active packaging may be classified into three groups: absorbing

systems, emitting systems and the remaining ones. the solutions

from the first group are intended for removal of the undesirable

substances from the atmosphere of packaging (fig. 1). the

mentioned group includes: oxygen absorbents, carbon dioxide

absorbers etc. the task of the emitting systems is to introduce

the substances, which cause the prolongation of the shelf-life of

food, to the atmosphere of the packaging, e.g. cO2, antibacterial

revieWed article
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substances. the third group of the solutions includes the

systems allowing, for example, heating up or cooling down the

can, modification of the heating rate in the microwave oven in

order to heat appropriately up the meals by the consumer. 

We may meet however, very often, the classification of the

packaging according to the substances which emit or absorb

(fig. 2). they are divided, therefore, as follows: oxygen absorbents,

water vapour absorbents, carbon dioxide absorbents or emitters,

ethylene absorbents etc. [cierpiszewski 2016]. tab. 1 shows

certain commercially available active packaging whereas tab. 2

contains the intelligent packaging. 

2.2 INTELLIGENT PACKAGING 

in literature, the intelligent packaging is most frequently

classified into three groups [ robertson 2016]: 

– those monitoring product’s  quality;

– those improving convenience of use; and

– those which protect form stealing, destruction (damage) etc. 

the elements that monitor the quality of the products include:

indicators of freshness, indicators of temperature and time and

the indicators of gas presence. the first of them, as placed

inside the packaging, react with the compounds generated

during the decomposition of the organic substance of the

packed food and when changing the colour, they inform the

consumer about the occurring changes (fig. 3). the example

of such element may be indicators of fish freshness [tichoniuk,

radomska and cierpiszewski 2017] or those based on the

reaction with cO2 [hong and park 1999].

the indicators of temperature and time are the elements

allowing the user to get informed how long a given product

was exhibited to the impact of undesirable temperature [taoukis

2001]. the third group of the indicators includes the labels

indicating the presence of gases, e.g. oxygen or carbon dioxide.

if a given gas appears or is removed from the packaging, it

means that the mentioned packaging was opened or damaged

or the undesirable processed occurred in the packaging [mills

2005]. As is can be seen, the discussed above indicators remain

in compliance with the definition, proposed in the regulation of

the european commission. the successive group, improving

the convenience of use, comprises e.g. milk or beer packaging,

covered with thermochromic paint, indicating that the best

temperature for consumption of a given product has been

Sachets, labels, bottle 
closures, foils 

Oxygen absorbers

Carbon dioxide 
absorbers and emitters Sachettes, films

Ethylene absorbers Sachettes, films

Odour emitters 
and absorbers Sachettes, films

Relative humidity 
regulators

Sachettes, films

Antibacterial agents

Antioxidants Films 

Sachettes, films

Active packaging
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To AbSorbed or emITTed SubSTANce

 

Temperature
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System                                                                                                                       Trade name                                                                               Producer

Oxygen absorbents                                                                                                   ageless g,                                                           Mitsubishi gaschemical, Japan

                                                                                                                                     amosorb®,                                               amosorb SolO2, colorMatrix group inc., uSa

                                                                                                                                        aTcO®,                                              Laboratories STanDa Bioka Ltd., kantvik, Finland

                                                                                                                                   Bioka Oxygen                                                    OS Film Sealed air corporation, uSa

                                                                                                                                      cryovac®,                                                  enzyme-based, Bioka Ltd., kantvik, Finland

                                                                                                 Desi pak®, Sorb-it®, Tri-Sorb®, getter pak®, 2-in-1                                                    

                                                                                                                         Label cryovac®, OS2000                                                                           

                                                                                                                                    Freshpax®,                                                                                       

carbon dioxide emitters                                                                                           ageless g,                                                           Mitsubishi gas chemical, Japan

                                                                                                                               cO2® Fresh pads,                                                            cO2 Technologies, uSa

                                                                                                                                      Freshpax,                                                              Multisorb Technologies, uSa

                                                                                                                                      Freshlock,                                                              Multisorb Technologies, uSa

                                                                                                                     ultraZap® Xtenda pak pads,                                             paper pak industries, canada

                                                                                                                              verifraise package,                                                            SarL codimer, France

antibacterial                                                                                                                 aglon™,                                                                    agion Technologies, uSa

                                                                                                                                         Bioka,                                                                           Bioka Ltd., Finland

                                                                                                                                    Biomaster®,                                                                     addmaster Ltd., uk

                                                                                                                                      ethicap™,                                                                            Freund, Japan

                                                                                                                                    irgaguard®,                                                                             BaSF, uSa

                                                                                                                                      Microban,                                                                       Microban prod., uk

                                                                                                                  Microgarde™and Microsphere™,                                  Bernard Technologies, Toagosei, Japan
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TAb.1. The exAmPleS oF The commercIAlly AVAIlAble AcTIVe PAckAgINg

Source: Fuertes g., Soto i., carrasco r., vargas M., Sabattin J., Lagos c., intelligent packaging System: Sensors and nanosensors to Monitor Food Quality, 

Journal of Sensor, vo. 2016, 1-8. https://doi.org/10.1155/2016/4046061
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reached. We may classify here also the indicators informing

about obtaining the appropriate temperature of the syrup,

heated up in the microwave oven [cierpiszewski 2016].  the

discussed category includes bar codes, Qr codes and the

elements, enabling dosage and those ones, improving the

access to information, etc. the example may be blisters

“helidac therapy kit” by procter& gamble pharmaceuticals,

facilitating the intake of drugs. the examples of the solution,

enabling the access to information may be: speaking packaging

“self talk” and markers “nfc tags” [pareek and khunteta, 2014]. 

the third mentioned group, as protecting from theft, damage, or

adulteration consists of many solutions. it is most frequently

referred to rfid markers which enable tracing the product from

the producer to a final user (traceability). it is, however,

indispensable that the mentioned rfid markers are cheap and

with a high effectiveness. the combination of sensors and rfid

markers ensures them the additional functionality. such sensors

allow monitoring of temperature, humidity or they discover the

bio-components and, simultaneously, at a real time, they transfer

the obtained results to the management system [Bibi et al. 217].

rfid markers have been employed in Viagra packages (pfiser)

[O’connor 2006], and caen rfid easy2 Log®, temptrip, placed

on packaging, may record the information about temperature 

of the product’s storage [http://www.portalrfid.pl] (fig. 4).

the group of the intelligent solutions comprises also the

appropriate inks, holographic signs and labels that indicate the

infringement of the packaging content, printing of micro-text

on the packaging, embossing, etc. the inks which make the

System                                                                                                                       Trade name                                                                               Producer

Freshness indicators                                                                                              Fresh Tag®                                                                      cOX Technologies

                                                                                                                           Food Sentinel System                                                         Sira Technologies inc.

                                                                                                                                       raflatac                                                                     vTT and upM raflatac

                                                                                                                                     ripeSense                                                                              ripeSense

                                                                                                                                      SensorQ®                                            DSM nv nd Food Quality Sensor international inc 

                                                                                                                                    Toxin guard 

TTi indicators                                                                                                      3M Monitor Mark™                                                                     3M company

                                                                                                                                   checkpoint®                                                                               viTSaB

                                                                                                                                  Fresh-check®                                                                      Temptime corp.

                                                                                                                                    Freshcode®                                                                           varcode Ltd.

                                                                                                                                       keep -it®                                                                      keep-it Technologies

                                                                                                                                         Onvu™                                                                         Freshpoint and ciba

                                                                                                                                      viTSaB®                                                                   viTSaB international aB

                                                                                                                                       Tempix®                                                                               Temptix aB

                                                                                                                              Timestrip® pLuS™                                                                    Timestrip plc 

gas presence indicators /                                                                                     ageless eye®                                                             Mitshubishi gas chemical

/ packaging integrity indicators                                                                               O2Sense                                                                            Freshpoint Lab

                                                                                                                                        Tell-Tab                                                                                    iMpak

rFiD                                                                                                                                cS8304                                                                  convergence Systems Ltd.

                                                                                                                                     easy2log®                                                                          caen rFiD Srl

                                                                                                                                     TempTrip                                                                          TempTrip LLc 

TAb.2. The exAmPleS oF commercIAlly AVAIlAble INTellIgeNT PAckAgINg

Source:Fuertes g., Soto i.,  carrasco r.,  vargas M., Sabattin J., Lagos c., intelligent packaging Systems: Sensors and nanosensors 

to Monitor Food Quality and Safety, Journal of Sensor, vo. 2016, 1-8.  https://doi.org/10.1155/2016/4046061



11

pAckAging reVieW 3/2023

revieWed article

 

﻿N
um

be
r o

f p
ub

lic
at

io
ns

Year

FIg. 5. The Number oF PublIcATIoNS IN The ScIeNTIFIc PerIodIcAlS,

coNcerNINg AcTIVe ANd INTellIgeNT PAckAgINg 

● – AcTIVe PAckAgINg; ○ – INTellIgeNT PAckAgINg

 

N
um

be
r o

f p
at

en
ts

Year
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AcTIVe ANd INTellIgeNT PAckAgINg

● – AcTIVe PAckAgINg; ○ – INTellIgeNT PAckAgINg

falsification difficult contain pigments which reflect the light

and change the colour during moving of the packaging

[O’connor 2006).

the cited above examples are the evidence of the enormous

variety of the solutions classified as active and intelligent

packaging. such diversification causes that it is difficult to

indicate what areas will be developing and which are rather

condemned for stagnation.

3. ACTIVE AND INTELLIGENT PACKAGING 
IN SCIENTIFIC AND PATENT LITERATuRE

during the several recent years, we have been able to observe

a growing interest in active and intelligent packaging, reflected

in the increasing number of publications in this respect. Also,

we may find more and more information dedicated to the

mentioned subject at the internet pages. in fig. 5, the number

of the publications, dedicated to active and intelligent packaging

is given. the query in elsevier database for the period of 1980

– 2020 was carried out. from the obtained data, it is followed

that the interest in the active packaging is absolutely greater

as compared to the intelligent packaging. many solutions,

discussed in the papers are not, however, determined by their

authors as active or intelligent packaging in spite of the fact

that they belong to the mentioned group.  hence, the number

of the found publications may be decidedly lowered. 

the second group of publication comprises patents which allow

effective utilization (application) of the patented technologies

and obtaining profits from the own means born on the studies

[Wrześniak 2009]. they may be the reflection of the interest of

the enterprises in the intelligent and active packaging. fig. 6.

illustrates the number of patent applications and the granted

patents in respect of the active and intelligent packaging. 

the studies were carried out based on the Lens database.

When comparing the obtained results and the data concerning

publications (fig. 5) we may notice a similar increasing

tendency in the number of the applications and the granted

patents after 2000 and a similarly higher interest in active

packaging. 

from the data submitted in fig. 5 and 6, it is followed that the

number of patents and publications may be the evidence of

the great interest in the discussed above techniques. however,

the number of publications and patent applications concerning

all food packaging is similarly increasing. in order to explain

whether covering of active and intelligent packaging with the

patent rights is a research priority, the decomposition analysis

by Lmdi method was carried out [cierpiszewski, korzeniowski

and niemczyk 2019] with the consideration of the number of

patents, patents concerning food packaging and patents

concerning active and intelligent packaging. in fig.7, the results

of the conducted work have been given. 
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fig.7. the interest in patents for the solutions in the field of

active and intelligent packaging (the continuous line means

the change in the number of patents;   the change connected

with the interest in active and intelligent packaging,   the change

resulting from the interest in food packaging and   the change

in field of patent activity 

the increase in the number of patents in the years 1980 –

2010 was affected by increase of the interest in the discussed

solutions as well as in the interest of patent applications in

respect of food packaging and by the increase of the number

of all patents. On the other hand, during the recent ten years

we may observe a decline of the interest in active and intelligent

packaging as compared to the interest in patent applications

of other solutions. 

4. ACTIVE AND INTELLIGENT PACKAGING 
IN ThE OPINION OF ThE CONSuMERS 

Active and intelligent packaging has been employed already

for few decades in Japan and the usA. On the other hand, in

europe, such solutions were blocked for many years by the

legal conditions and lack of the knowledge of the consumers

[restuccia 2010]. it is positive, however that certain

developments indicate the interest of the customers in the

discussed solutions. they were most frequently focused on

particular solutions [Aday and yener 2015]. for example finnish

consumers were open to the idea of utilizing oxygen absorbents

in food packaging and the greatest approval was revealed by

in the case of application of the oxygen absorbents in pizza

packaging (62%) and the smallest one was found in the case

of fresh meat (29%) [mikkola,1997]. 

from the studies on the freshness indicators, conducted in the

usA, it is followed that although a considerable part of the

respondents considered the meat products and salads as safe

and fresh products, they has stipulations as to the freshness

and were ready to pay additionally for the packaging with the

freshness indicators [fortin, goodwin and thomsen 2009]. Also,

the Belgian consumers are ready to pay for addition of the fresh-

check® indicator. 75% of the respondents perceived the profits

resulting from the application of the mentioned indicator and

71% of them recognised it as useful tool of food safety and

quality [fortin and goodwin 2008]. in turn, from the studies

conducted in ireland, it may be concluded that the consumers

would eagerly accept the prolongation of the shelf-life of cheese

but they were not prone to pay additionally for the application of

the appropriate elements to this end [callaghan and kerry 2016].

the studies of the approval of tti indicators, conducted in france,

greece, germany and finland show that the consumers

appreciate the tti technology and think that its application could

bring profits [pennanen et al. 2015].

the studies on the appreciation of the active and intelligent

packaging by the consumers in poland were conducted in

different regions of our country and by different authors [ucherek

2011; popowicz and Lesiów 2014; pałkowska and stenka 2013;

Barska and Wyrwa 2016].  the studies showed that the level of
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the knowledge of active and intelligent packaging was low.  Only

13 – 29% of the respondent recognized that they knew the idea

of active packaging and the knowledge of intelligent packaging

was confirmed by 4%-38% of the respondent. On the other hand,

the question concerning the purchase of the packaging with

the active element was positively answered by 70% of the

respondents. After explanation of the principle of functioning of

the discussed solutions, the approval increase up to 89%. When

the discussed purchase had been connected with the increase

of the price, the interest in buying of such product was

definitively decreased [Barska and Wyrwa 2016]. summing up,

we may state that the attitudes of the consumers in this respect

in different countries are similar; most frequently, the knowledge

on active and intelligent packaging is small but after getting

familiarized with the offered profits, it is considerably increased. 

5. ThE MARKET OF ACTIVE 
AND INTELLIGENT PACKAGING 

the development of active and intelligent packaging is decidedly

affected by their perception by the companies which produce

the consumer goods. the results of the survey conducted

among the managers of higher degree in more than 400

enterprises show that the intelligent packaging will be the object

of considerable investments. the innovative packaging is

employed, first of all, in three areas, management of reserves,

protection of the product’s integrity and its perception by the

user. the conducted survey shows that the probability of

investing in the solutions confirming the authenticity in the

nearest future was estimated at 15-20%. the probabilities of

investing in a sustainable development are equal to 25-35%

whereas the traceability, safety and quality amount to 

40-50% [Armstrong et al. 2019]. the profits resulting from the

application of intelligent packaging in the management of

reserves of perishable products are also indicated by the

computer simulations. it is followed that in the stable conditions

of the storage, the application of tti is not profitable but the

employment of cheap tti indicators in the dynamic stochastic

environments, may be very advantageous [herobon 2012].

Value of sales is the most important factor being the evidence

of interest in a given product. According to the report of

smithers pira [2018] the total value of the market of active and

intelligent packaging should reach to 5.69 billion usd in 2018,

including the market of active packaging equal to 4.62 billion

usd and market of intelligent packaging amounting to 1.06

billion usd. it is estimated that the total sales will be increasing

5.9% annually in average and will reach 7.56 billion usd in 2023.

the market of the intelligent packaging will be quicker increased

(12.9%) whereas that of active packaging – only 4%. it is

difficult, however, to consider the cited above results as

exceptionally optimistic because the prognoses of growth for

the total market of packaging were estimated at the level of

6% [portalspozywczy.pl 2018} and value of the packaging

market alone in 2018 is estimated at 876 billion usd

[https://viki.com.pl]. it means that the active and intelligent

packaging make ca. 1% of the packaging market. 

CONCLuSIONS

When taking into account all the cited above facts, it can be

distinctly seen that the future of materials and elements of

active and intelligent packaging is not univocal. the problems

appear already at the level of definition which was somewhat

differently formulated in the regulation of the european

commission as compared to the definitions found in the

scientific literature. this fact causes that in most of the

publications, there is a need of defining what the author

considers as active and intelligent packaging. 

the differences in defining are probably the reason for

discrepancies in the estimation of the size of the active and

intelligent packaging market, as given in different elaborations.

high prognoses of the rise of the market of intelligent packaging

are connected with the quick development of printed electronic,

activity in cloud and internet of things; the mentioned solutions

exceed the definition, formulated by the european commission.

moreover, the growth of the market of active and intelligent

packaging is comparable with the increase of the total

packaging market and is not the reason for indication of the

discussed solutions as a priority.  

A big number of publications results not only from the interest

and meaning of the problem but also from the relatively high

simplicity of the majority of the offered solutions. many

revieWed article
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systems, studies in literature are functioning but the problems

appear in respect of repeatability and unambiguity of the

obtained results. it is probably the cause of the considerable

lower number of the solutions, offered at the market as

compared to the number of publications. many of commercial

products were suggested very long ago and the number of the

new solutions seems to be relatively low.

the profits, coming from the application of active and intelligent

packaging that contribute to meeting the requirements of the

consumers have been indicated, as well. unfortunately, in most

cases, the consumers have not met or have not known the

discussed solutions. 

from the cited examples, it is followed that we may recognize

the active and intelligent packaging as being an interesting

group of the solutions but their market success will be

dependent on their popularization and technical development.
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