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ROLE OF ACTIVE, SMART PACKAGING IN 
REDUCTION OF FOOD LOSS 

 Abstract: Packaging maintains food safety, minimizes 
environmental impact, limits food waste, and extends product 
life. Packaging is in a continuous change so as to fulfill 
functions such as storage of food in healthy conditions, 
transportation, minimization of losses, etc. in a most efficient 
way. A considerable part of the produced food is at various 
stages of lactation. Traditional packages form a barrier 
against the outside environment, only indicating the expiry 
date. Active packaging positively affects food safety by 
extending the shelf life of the packaged food and by 
maintaining or improving the condition of the food. Intelligent 
packaging on the other hand, can be used as a quality control 
tool by means of indicators (time-temperature indicators, 
freshness indicators, pathogen indicators, gas concentration 
indicators), biosensors and radio frequency identification 
systems.  These systems inform whether the storage of foods is 
managed properly or not and whether it is fresh or not. By 
means of packaging methods with increased functionality 
which prevents wasting of food and slowing down decay, 
storage of foods is better managed; food is kept continuously 
under control and stays fresh for a longer period and 
consumed in sutiable time period. In this study, it was aimed 
to inform about the role of active, intelligent packaging 
technologies in reducing food losses, which optimizes the 
packaging conditions and controls food from production to 
consumption. 
Keywords:Active packaging, smart packaging, food container 

 
1. INTRODUCTION 

 
Food safety is a global priority and one of 

the major objectives of the current food 
legislation [1]. Modern packaging extends the 
shelf life of food products and better techniques 
for storage and refrigeration chains enable 
longer transportation [2]. Packaging of the new 
generation afects a product and thus controls its 
quality [3] .Food losses refer to the decrease in 
edible food mass throughout the part of the 
supply chain that specifically leads to edible 
food for human consumption. Food losses take 
place at production, postharvest and processing 
stages in the food supply chain [4]. The global 
population is expected to increase from 6.9 
billion to around 8 billion by 2030, and 9 
billion by 2050 [5]. Food security is an 
emerging challenge for policy makers and 
companies in the food supply chain [6]. Food 
losses in industrialized countries are as high as 
in developing countries, but in developing 

countries more than 40% of the food losses 
occur at post-harvest and processing levels, 
while in industrialized countries, more than 
40% of the food losses occur at retail and 
consumer levels. Food waste at consumer level 
in industrialized countries (222 million ton) is 
almost as high as the total net food production 
in subSaharan Africa (230 million ton). 
Approximately one-third of the edible parts of 
food produced for human consumption are lost 
or wasted. Globally, this corresponds to about 
1.3 billion tons per year [7]. 

Nowadays food preservation, quality 
maintenance, and safety are major growing 
concerns of the food industry [8]. When food is 
lost or wasted, all of the natural resources that 
were expended in the supply chain are also lost, 
including the use of land, nutrients, synthetic 
fertilisers, water and energy [6]. Microbial 
spoilage caused by pathogenic microorganisms, 
including bacteria and fungi, reduces the shelf-
life of foods and increases the risk of foodborne 
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illness and thus presents a major global concern 
([9],[10]). Preventing and reducing food waste 
also helps mitigate environmental impacts 
associated with food that is grown, processed, 
transported and offered for sale or sold to 
consumers – only to be thrown out [11]. There 
have been significant advances in packaging 
and related Technologies over recent decades, 
with ‘intelligent’/‘smart’ materials designed to 
keep specific products at their best for longer. 
These include films that allow fresh produce to 
‘breathe’, materials to help control ripening and 
slow down dehydration, greening and inhibit 
the growth of moulds and bacteria [12].  

New packaging concepts have been and 
are currently developed that not just function as 
a passive, inert barrier to external conditions 
but play an active role in the protection of 
thepacked food ([13],[14]). In the recent past, 
food packaging was used to enable marketing 
of products and to provide passive protection 
against environmental contaminations or 
influences that affect the shelf life of the 
products. However, unlike traditional 
packaging, which must be totally inert, active 
packaging is designed to interact with the 
contents and/or the surrounding environment 
[15].  

According to de Kruijf et al. (2002) active 
packaging can be defined as a package that 
changes the condition of the packaged food 
toextend shelf life or improve food safety or 
sensory properties, while maintaining the 
quality of the packed food [16]. As a result, 
new technologies are sought to provide safer 
food products and minimize food losses and 
wastage ([17],[18],[19],[20]).  

Conventional food packaging can extend 
the storage life of the food product by 
protecting the food material, however it has no 
ability to inform users about quality 
deterioration in terms of temperature 
fluctuation, gas concentration change and 
microorganism growth inside the package 
environment [21].  

During processing, food quality can be 
checked regularly by microbial and chemical 
analyses. However, there are some quality 
attributes that need constant vigilance during 
the whole supply chain.  

These quality parameters change regularly 
after processing and can affect the quality of 
the product. These changes are difficult to 
assess by the consumers within the packaged 

food [22]. With the help of intelligent 
packaging, it becomes possible to check the 
quality characteristics of the food within the 
package. They are mostly placed within the 
package to monitor quality changes of the 
product, while some can be placed outside to 
inform the users about the safety related issues 
of the food products [23]. By means of the 
correct selection of materials and packaging 
technologies, it is possible to keep the product 
quality and freshness during the time required 
for its commercialization and consumption   
([24], [25]).  

Active intelligent packaging technology 
provides microbial safety, interacts with the 
indoor environment to control the atmosphere 
in the package, creates an obstacle to external 
conditions, protects food from contamination or 
deterioration, and provides an extended shelf 
life. In addition to providing a protective 
barrier, it is an extra-functional innovative 
packaging system that informs about 
temperature changes, gas concentration 
changes, and quality deterioration in terms of 
microorganism growth in the packaging 
environment. In this study, the functionality 
was improved compared to traditional 
packaging. It was aimed to inform about the 
role of active, intelligent packaging 
technologies that can optimize the packaging 
conditions, give information about product 
quality and safety, and keep food under control 
from production to consumption, in order to 
reduce food losses. 

 
2. FOOD LOSSES 
 

Food loss is the unintended result of an 
agricultural process or technical limitation in 
storage, infrastructure, packaging, or marketing 
[26]. Since the quality, safety, and shelf life of 
the food product has gained significant 
attention nowadays, still there are increasing 
concerns over food spoilage and its ingredient 
sourcing trouble among consumers. Increase in 
consumer desire for natural, local, and organic 
products necessitates efficient food 
preservation from microbial contamination 
([16],[27],[28]).  

As a key to the food waste problem, there 
is a trend towards developing shelf life 
extension solutions that are intended to allow 
products not only to last longer but also to 
improve their quality and nutritional benefits 
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[29]. Today, one third of all food produced for 
human consumption throughout the world is 
lost between the production and distribution 
phases, meaning that around 1.3 billion tons of 
food is annually wasted [30]. The Food and 
Agriculture Organization of the United Nations 
(FAO) estimates that 32 percent of all food 
produced in the world was lost or wasted in 
2009 [31]. Every year a growing amount of 
edible food is lost along the entire food supply 
chain. Annual food waste generation estimates 
in Europe are around 89 million tonnes varying 
considerably between individual countries and 
the various sectors. 

Packaging optimisation strategies such as 
varying pack sizes to help consumers buy the 
right amount, and designing packaging to 
maintain food quality and increase its shelf life 
have been proposed to reduce food waste [32]. 
The amount of annual food waste in Europe is 
estimated to increase from over 100 million 
tons in 2014 to about 126 million tons by 2020  
[33]. The target set at the European level aims 
at 50% prevention of avoidable food waste by 
2025 [34] .  

Per capita food wasted by consumers in 
Europe and North-America is 95-115 kg/year, 
while this figure in sub-Saharan Africa and 
South/Southeast Asia is only 6-11 kg/year [7]. 
A study by WRAP (Waste and Resources 
Action Programme) found that food not being 
used in time is the main reason for food waste 
[35]. Verghese et al. (2015) state that packaging 
helps to decrease food waste along the supply 
chain by reducing damage in transport and 
handling as well as prolonging shelf life  [36]. 

Food spoilage is the process of 
contamination of foods leading to loss of color, 
texture, and their nutritive value and permits 
growth of pathogenic microbes, which 
deteriorates the quality of the product and 
makes it non-edible [37]. As the quality, safety 
and shelf life of food products gain important 
attention nowadays, there is growing concern 
among consumers about food impairment and 
problems with their content [28].  

Therefore, these concerns demand a need 
for more effective food quality regulation 
systems for its protection, preservation, and 
transport to consumers in a wholesome form. 
Increase in consumer desire for natural, local, 
and organic products necessitates efficient food 
preservation from microbial contamination 
([16],[27],[28]). 

3. ACTİVE PACKAGİNG  
 Food packaging is currently subject to 
dynamic change, becoming more functional 
and innovative and containing active substances 
interacting with the packaged product. A 
traditional, passive protective function of 
packaging, understood as a passive barrier to 
protect food from harmful external factors, has 
been replaced by an active protection [3]. 
Active packaging is a solution, in which the 
packaging, the product, and the environment 
interact. These are the systems, which (as a 
result of the chemical, physical, and biological 
activities) actively change conditions of the 
packed food, cause an extension of its 
sustainability and thus its shelf life, and 
guarantee or signifcantly improve the 
microbiological safety and/or sensory 
properties, while maintaining its quality 
([38],[39] ).  

In contrast to the traditional packaging 
materials, active packaging causes extending 
the shelf life of food and preserving its higher 
quality during reactions with the internal 
atmosphere and the product ([40],[41] ). 
Therefore, active packaging systems should be 
considered an innovative way in the feld of 
food packaging [42]. Active packaging 
represents a large and diverse group in terms of 
both its purpose and solutions applied. The use 
of proper active packing extends the shelf life 
of products through its impact on processes 
emerging in food [43]. Active systems are the 
future direction for development of food 
packaging and their commercial success should 
be expected in the coming years. It will 
undoubtedly result from constantly improved 
technologies of their production and the 
knowledge about mechanisms of their 
functioning and the efectiveness of their 
operation in ensuring food safety accumulated 
by both producers and consumers over time [3].  

They interact with the packed product, 
change the conditions of the packed food, and 
control its quality at the same time ([42],[44]). 
Active packaging of food is a good example of 
an innovation that goes beyond the traditional 
functions of the package in which the package, 
the product and its environment interact to 
extend the shelf life of food or to improve its 
safety or sensory properties, while maintaining 
the quality of the packed food  [45]. Intelligent 
packaging provides information to the 
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processor, retailer and/or consumer of the status 
of the food or its surrounding environment  
[46]. Active packaging technologies include 
some physical, chemical, or biological actions 
that alter the interactions between the package, 
the product, and / or the top space to achieve 
the desired end result. Contemplated active 
packaging systems include oxygen holders, 
carbon dioxide holders and spreaders, moisture 
control agents, flavor / odor absorbers and 
releasers, and antimicrobial packaging 
technologies. Active packaging is usually found 
in two types of systems; vials and pads placed 
in packages and active ingredients directly 
incorporated into packaging materials. 
Recognition of the benefits of active packaging 
technologies by the food industry, the 
development of economically viable packaging 
systems and the commercial realization of these 
packaging technologies require increased 
consumer acceptance [15]. As a result, new 
technologies are sought to provide safer food 
products and minimize food losses and wastage 
([17],[18],[19],[20],[47]). 

 
4. SMART PACKAGING 

 
Intelligent packaging is a generation of 

packaging which monitors or provides 
information on a product and its quality, safety, 
or location during transport, storage, retail 
sales, and during use. Ucherek (2011) defined 
intelligent packaging as “a control system 
inside packaging which is able to perform 
intelligent functions such as standby, detection, 
tracking, recording, and communicating in 
order to provide individual links in the 
packaging chain, i.e. producers, distributors, 
and sales representatives and consumers, with 
certain parameters” [48]. Therefore, an 
intelligent packaging system is such a system 
that has functions enabling the observation of a 
product in the logistics chain or monitoring the 
internal and external environment of the 
packaging and allowing communication with a 
consumer. Intelligent packaging may monitor 
the quality and safety of a product but it may 
also provide a potential consumer or 
manufacturer with information on its condition. 

The appearance of intelligent packaging 
systems has contributed to a further significant 
change in the existing perception of packaging, 
because they transform traditional 
communication functions of packaging into 

intelligent communication [49]. Although the 
intelligent packaging has a small share in the 
value of the sales of all packaging, there are 
indications for a rapid growth of their sales in 
subsequent years ([50],[51]). The main types of 
intelligent packaging are two systems [52]. The 
first is based on the measurement of conditions 
outside packaging, whereas the second directly 
measures the quality of food products inside 
packaging and may get in direct contact with 
food, therefore additional safety and quality 
controls of the packed food are required [53]. 

Three types of intelligent packaging are 
most commonly available in the market;  time 
temperature indicators, indicators of freshness, 
and indicators of leaks ([54],[55],[40]). In 
intelligent packaging, the communication 
functions of the packaging materials are used to 
make it easy for recording the changes in the 
internal and external environments and then to 
inform the users about the status of the 
packaged food products [56]. Therefore, 
intelligent packaging has the ability to sense 
and note the attributes of the packaged foods or 
their environments and convey messages about 
the deterioration or quality of the packaged 
foods to their processors or users [57]. 

According to forecasts of experts, the 
emerging generations of intelligent packaging 
are the future of food 
packaging([58],[59],[60],[61]). Generally 
speaking, there are three main types of tools 
that are used for intelligent packaging which 
include sensors, indicators, and barcodes and 
radiofrequency identification (RFID) devices 
[46]. For food quality and safety assurance, it 
may be very important to develop intelligent 
food packaging systems using portable 
chemical sensors to check different compounds 
and gas molecules, specially, H2, O2, NO2 and 
CO2 in modified atmosphere packaging [62]. 
Indicators are used to provide information 
regarding any change taking place in a food 
product or its surrounding condition (e.g., 
temperature, pH, etc.) by observing visual 
changes usually in colour [63]. Indicators 
applied to food packaging are time-temperature 
indicators, gas indicators and 
freshnessindicators [64].  

Freshness indicators tell us about the food 
quality in terms of microbial growth and/or 
chemicalchanges occurred in the food products 
[65]. On the other hand, gas indicators are used 
in theform of labels to check the gas 



 

3rd International conference on Quality of Life, November 2018    17 

concentration within the package system. Their 
purpose is to monitor the leakage of any gas 
specially oxygen and carbon dioxide 
([60],[66]). Temperature is critical in the 
determination of the storage period of a specific 
food product. Sudden changes in the 
temperature causes great concern over the 
quality of a processed food material. 
Nowadays, for the purpose of the food quality, 
food processors and suppliers are checking the 
temperature of the food materials at every stage 
during the supply chain from the harvesting to 
the end use [67]. The wisely use of such tools 
for checking the time and temperature history 
of the food products are termed as time-
temperature evaluation ([68],[69]). The 
operational principles of the majority of TTIs 
depend on chemical, enzymatic, mechanical, 
electrochemical, or microbiological reactions, 
which depict the outcomes in the form of 
colour changes ([70],[71],[72]).   

It is very hard to maintain the quality of 
food materials within the packaging system, 
due to many reasons such as respiration of fresh 
fruits and vegetables, changing gas 
concentration and gas leakage from inside or 
outside of the packaging materials, or due to 
gas produced by microbial growth within the 
package [70]. For the solutions of such 
problems, gas indicators are introduced. Gas 
indicators are used to provide information 
about the concentration of oxygen or carbon 
dioxide gas within the packaging material by 
changing their colour due to a specific chemical 
or enzymatic reaction [73]. For the purpose of 
checking microbial growth and informing the 
users about the freshness of food products, 
freshness indicators are developed. These 
devices provide information about product 
quality in terms of microbial growth and food 
spoilage [74].  

Food freshness indicators are usually 
developed by using different organic acids 
(such as acetic acid or lactic acid), glucose, 
ethanol, volatile nitrogen compounds (such as 
trimethyl amine for packed fish products), 
carbon dioxide, biogenic amines (for chicken 
and beef) and sulfuric compounds to determine 
the freshness of the packaged food products 
([75],[68]).  

Barcodes and RFID tags are mainly data 
carrier devices. A barcode is widely utilised in 
multi-scale departmental stores to expedite 
record keeping, goods reordering and price 

checking  [76]. Besides the above mentioned 
tools, holograms and specialised thermo 
chromic inks are also useful tools that can be 
used in food packaging to make them 
intelligent [23].  

Hologram is an emerging tool in the field 
of intelligent packaging. It can help to protect 
the brand name of the product as well as to 
combat counterfeiting of a product [77]. 

Besides enhancing the brand image of the 
product, holograms are also used to prevent 
food products and packaging from tempering 
[78]. As foods are delicate products, their 
quality attributes deteriorate during the whole 
supply chain [23].  

Moreover, consumers require food 
products with more convenience and less 
preparation steps. These food products should 
also be fresh and provide high quality 
attributes. Intelligent packaging can be used for 
this purpose to check the quality of the food 
products during the supply chain and provide 
the necessary information to the end users [75]. 
Theft, counterfeiting and tempering is a world-
wide concern both for the food industry and 
consumer [79].  

Decision support system is used to take 
right and timely decision for the corrective use 
of intelligent devices in order to enhance food 
quality and safety. Usually the purpose of this 
system is to control the growth of 
microorganisms in fresh or processed foods.  
Intelligent packaging is an innovation in the 
food packaging sector.  

This technology has the ability to provide 
better quality food products to the users [23]. 

The manufacturers have to provide 
modern and safe packaging due to the growing 
consumer interest in the consumption of fresh 
products with extended shelf-life and controlled 
quality.  

The most important advantage resulting 
from their use is a reduction in the loss of food 
products due to the extension of their shelf life 
[80].  

Due to rapid population growth and 
decreasing natural resources in the world, food 
is too valuable to be wasted. The use of next-
generation packaging that interacts with food 
content, extends shelf life, reduces degradation 
in food quality, and monitors quality, safety or 
location during transport, storage, retail sale 
and consumption will be effective in reducing 
food loss. 
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5. CONCLUSION 
 

Packing provide efficient distribution from 
the production of foods until their consumption. 
Intelligent, active packaging technology and 
packaging characteristics can create 
differentiation and added value between food 
and packaging material by using positive 
interactions and providing correct protection.  

Intelligent and active packaging that 
enhances packaging protection and 
communication can help preserve food quality, 

increase food safety, extend food shelf life, and 
/ or reduce food waste.  

With new developments in smart and 
active packaging, food waste can be avoided by 
protecting foods more effectively. As 
consumers' expectations increase, technological 
progress will take place in parallel with more 
technology in the food packaging market and 
accordingly active and intelligent packaging 
will become more popular and take the place of 
traditional packaging completely. 
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