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Numerous innovative food packaging options are available on the
market that let consumers monitor the product quality, safety, integrity,
cleanliness, freshness, and purity before consumption. It is also critical
to minimise food fraud, spoilage, contamination, and ineffective food
safety communication. To satisfy this need, a number of packaging
technologies, including intelligent packaging and active packaging have
been developed. In this article, a variety of intelligent packaging systems,
including data carriers, indications, and sensors is reviewed. By sending
out signal like a change in colour, indicators provide internal visual that
reveal the state of food. With the aid of transducers, digital sensors are
able to recognise changes in the product.
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Radio frequency identification; Smart packaging; quality.

INTRODUCTION

One of the key procedures for maintaining the quality of
meat during transportation, storage, and usage is packag-
ing. Distribution and marketing become more effective
and quality decline is slowed. Protection, communication,
convenience and confinement are the four fundamental
purposes of packaging (Han, 2005).In conventional pack-
aging, the package acts as a marketing tool to engage with
customers, protect the meat product from the harmful
effects of the environment, hold objects of all sizes and
shapes and make it simpler and more convenient for the
consumer to use the product. Because of how complicated
today’s world has conventional packaging is no longer suf-
ficient to maintain the quality of meat. Packaging protects
the meat against microbial, chemical, airborne and light
degradation. How a package is utilised has a big impact
on how long it will last. Normally, this function is passive
and inert, but in recent years, Intelligent and Active pack-
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aging have drawn more attention and various commercial
products have been developed and used in the meat pack-
aging. By minimising the migration of chemicals into the
meat from the packaging materials and the impact of the
package on the sensory aspects of the meat, the basic stan-
dards are often focused on safety for packaging materials
that come into contact with meat. Intelligent packaging has
opened up new possibilities for packaging of meat, such
as the idea of substances like antioxidants and preserva-
tives purposefully migrating from the box into the meat.
The concept of intelligent packaging, which is still in its
early stages of development, aims to improve food safety
and quality by using the communication capabilities of the
package to help in decision-making. Although the defi-
nitions of these phrases are sometimes used interchange-
ably, they typically have different meanings. Additionally,
packaging is a tool for optimisation that facilitates the
acquisition of the necessary quantity of produce and in
turn, indirectly contributes to waste minimization (Biji et
al.,2015).At the corporate level, routine tests and periodic
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microbiological and chemical studies are typically used
to evaluate the quality of meat (Viswanathan, & Radecki,
2008).Due to rising demand for intelligent innovations,
which are expected to dominate changes in meat packag-
ing in the upcoming years (Vanderroost et al., 2014).

Definitions

Smart packaging is a term used to describe a product that
combines the characteristics of both intelligent and active
packaging. Intelligent packaging is a term used to describe
a packaging system that senses and communicates.
Monitoring packaged meat conditions to provide infor-
mation about the meat quality during storage and trans-
portation is another definition of intelligent packaging. A
packaging system that is capable of performing intelligent
tasks (such as sensing, detecting, tracing, recording, and
communicating) to aid in decision-making to increase
shelf life, improve quality, increase safety, provide infor-
mation, and alert users to potential issues is referred to
as intelligent packaging. If a package can track the items,
recognise its surroundings within or outside the container,
and interact with humans, it might be considered intel-
ligent. For instance, an intelligent package can track the
safety and quality status of a meat and give the consumer
or food manufacturer an early warning. One example of
intelligent packaging is a strategy that includes an external
or internal indication of the active product’s quality and
history. Particularly, improvements in biosensors and bio-
technology used in meat packaging systems are anticipated
(Han, 2005).

A related phrase is “smart packaging” which makes use
of smart technologies and information carriers like barcodes
and RFID tags to provide consumers with comprehensive
product information (Hoganand Kerry 2008).The term
“intelligent packaging” was coined by (Jang and Won in
2014) and is described as “the packaging system that detects,
communicates and monitors the circumstances of packed
food to deliver information on food quality, safety and the
history of a product during transit and storage.” This shows
how intelligent packaging may perform the six roles of mon-
itoring, sensing, detecting, tracking, recording and commu-
nicating. Aspects of safety worries connected to Active and
Intelligent packaging were outlined by the European Food
Safety Agency (EFSA) (Restuccia et al., 2010). In a fascinat-
ing study, a bromothymol blue-tetra butylammonium ion
pair dye was used as a CO, sensor in multi-layered kimchi
packets to prevent colour from migrating into meals with
high water content. Additionally, by implementing nano
barcode technology, batch information may be encrypted
into packaging materials and enabling batch owners
to monitor the supply chain without having to disclose
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corporate information to distributors (Neethirajan, and
Jayas, 2011; Smolander, & Chaudhry, 2010).

Applications of Intelligent Packaging
(Kalpana et al., 2019)

1. Quality and safety indicators

- Time-temperature indicators (TTIs)
- Microbial growth

- Gas sensing devices

- Pathogen detection

Traceability devices

- Radio frequency identification (RFID) chips/tags
Product authenticity

- Hidden design print elements-RFID

Intelligent Packaging Systems
Indicators based packaging system

Indicators are devices that give some information about the
presence or absence of a substance or the degree of inter-
action between two substances by changing in character-
istics, like colour (Kuswandi et al.,, 2011). A customer can
receive information on microbial activity, food quality and/
or other characteristics from an indicator. It functions based
on specific factors such as the absence or presence of a target
chemical or biological substance, the intensity of the reac-
tion(s) between two or more substances or the difference
in chemical concentrations present in food as indicated by
an irreversible and obvious colour change or movement of
colour frontiers. In their broadest terms, indicators can be
divided into internal and external categories. According to
(Pavelkova, 2013), the former contains indications that are
typically put outside the box while the latter includes indica-
tors that are really present inside the container.

Temperature Indicators

This thermometer provides data on the temperature and
displays past and present temperature variations. In stor-
age or shipping, it serves as an addition to labelling if there
is perishable meat. When meat kept in storage above the
recommended temperature, microorganisms quickly mul-
tiply (Welt et al., 2003). The package surface is intended
to combine the package’s cumulative time-temperature
history. Consequently, it provides hazy information about
the product along the entire distribution chain. The
time-temperature history is represented visually as a colour
movement or colour shift. Commercially accessible time
temperature indicators rely on a variety of reaction mecha-
nisms (diffusion, polymerization or enzyme reaction). The
reaction kinetics of the temperature-dependent indicator



J. Meat Sci. 2023, 18(1)

and activation of the indicator at the moment of packaging
is a common feature for all concepts.

Time Temperature Indicators (TTIs)

The time-temperature history is represented visually as
colour movement or colour shift. Commercially accessible
time temperature indicators rely on a variety of reaction
mechanisms (diffusion, polymerization, or enzyme reac-
tion). The reaction kinetics of the temperature-dependent
indicator and activation of the indicator at the moment of
packaging is a common feature for all concepts. Because
of their straight forward functionality, TTIs are regarded
as being user-friendly and accessible technology (Taoukis,
2001). The Fresh-Check from Life line Technologies is a TTI
indicator. Its function is based on a polymerization process
resulting in a colour shift in the indication range. A fresh
TTI has a clear centre. The product has to be consumed
right away if the colour of the active centre and the outside
ring match. TTIs from expired goods have a dark centre.

TTIs may be classified into two categories
(Taoukis and Labuza, 2003)

a. Critical temperature indicators (CTT) demonstrate the
product’s exposure to a certain component at a tem-
perature above (or below) a reference point. Other
significant situations where a CTI might be helpful
include the denaturation of a crucial protein over the
critical temperature or the development of a harmful
microbe.

Critical time temperature integrators (CTTIs) are
helpful in identifying distribution-chain breakdowns
and for items where reactions that are vital to qual-
ity or safety are started or occur at measurable rates
above a critical temperature. Enzymatic activity that is
hindered below the critical temperature and microbial
growth are two examples of these processes.

Gas indicators

Gas indicators can track changes in gas composition inside
the package and so assist in keeping an eye on the prod-
uct’s safety and quality. Gas indicators can take the shape of
labels or be printed on packing materials (Yam et al., 2005).
The composition of the gas in food packaging can alter as a
result of the gas generated by lipid oxidation and microbial
deterioration (Mohebi and Marquez, 2015). These indi-
cators change their colour by either a chemical or enzy-
matic reaction, typically providing information about the
presence or absence of oxygen or carbon dioxide (Jong et
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al., 2005). The development of oxygen and carbon dioxide
indicators has received a lot of attention in recent years due
to the significance of these gases in culinary applications
(Roberts et al., 2011; Jung et al., 2012; Lee & Ko, 2014; Vu
& Won, 2014).

For optical oxygen sensing, a variety of devices and
materials have been reported recently (Papkovsky et
al.1995; Thompson and Lakowicz, 1993; Trettnak et al.,
1995). These sensors are typically made of solid-state
materials and work by quenching luminescence or chang-
ing absorbance in response to physical contact with the
analyte.

Oxygen indicators

This indicator provides data about leakage. This indica-
tion is used for meat packaging that is stored in a con-
trolled or modified environment. In contrast to systems
based on absorption or reflectance, oxygen sensors are
based on luminescence detection and constitute an alter-
nate method to solely visual oxygen indicators. They offer
improved sensitivity and accuracy of the quantitative
readings. An alkaline substance like sodium hydroxide, a
redox dye like methylene blue, and a reducing substance
like reducing sugars make up a standard oxygen indicator.
Recently, oxygen indicators based on oxidative enzymes
have been developed. The indication also includes other
ingredients like a solvent (water or alcohol) and a bulk-
ing agent (such as silica gel, polymers, cellulose materials
or zeolite) (Mills, 2009).The indication can be made as a
tablet, label, printed layer or laminated in a polymer film
(Banerjee et al., 2016).

Carbon dioxide indicators

This indicator provides data on the carbon dioxide con-
tent of the packaging. In order to determine the level of
fermentation in meat products, a carbon dioxide indicator
system using chemical dyes (bromocresol purple or methyl
red) incorporated into polymeric sheets is used. These
indicators provide details on the carbon dioxide content
of packages during supply and storage but also detect the
early spoilage of the food. As the concentration of CO,
changes it alters the pH, which consequently changes the
colour of the indicator (Hong and Park, 2000; Neethirajan
et al., 2009).

Freshness indicator

Intelligent packaging systems can give either direct or
indirect information on the quality of meat products (for
example, changes in packaging oxygen concentration
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may suggest quality decline through proven correlation).
Indicators of product quality that are directly related
to chemical changes (Nychas et al.,1998) or microbial
growth within a food product are called freshness indi-
cators. Through interactions between the package’s indi-
cators and microbial growth metabolites, microbiological
quality may be assessed (Smolander, 2003). There are rel-
atively few viable intelligent package indicators for fresh-
ness identification currently available. Despite this, there
is a lot of potential for the creation of freshness indicators
based on the known metabolites that indicate quality.
The majority of freshness indicators are based on indi-
cator colour changes in reaction to microbial metabolites
generated during spoiling (Smolander, 2003) and there
are many distinct types of them. Before substantial com-
mercial acceptance is feasible, a number of drawbacks
to freshness indicators based on broad-spectrum colour
variations need to be addressed. Because there is a lack
of specificity, colour changes that indicate contamina-
tion can occur in items without any appreciable sensory
or microbiological quality degradation. The presence of
certain target metabolites does not always imply poor
quality. The relationships between target metabolites,
product type, and organoleptic quality and safety appear
to require more precise correlations. When using indica-
tors, manufacturers may be discouraged by the possibil-
ity of false-negative results unless clear evidence of true
decomposition can be guaranteed. However, intelligent
materials may need a demonstration of the reliability of
the information provided, especially to avoid misleading
the consumer (Rijk, 2008).

CONCLUSION

The future of meat packaging lies on intelligent packaging
that is able to do more than merely hold and safeguard its
contents like colour, flavour and texture attributes. This
type of packaging attracts the consumers and make them
to believe in safety assurances. Intelligent packages are
communicative packaging that resolutely fill the market
application gap when it comes to the evaluation of various
food items, including liquid foods, meat, fish, dairy, fruits,
and vegetables.
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