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Abstract

Innovative and novel food packaging techniques are evolving in response to consumer demands for minimally processed, more
natural, fresh and convenient food products. The rising issues of food borne microbial outbreaks which demands the use of
packaging with antimicrobial effects also lead to innovation in food packaging technology. Novel concepts of active
and intelligent packaging play an important role by offering numerous innovative solutions for extending the shelf-life and
improving or monitoring the food quality. Active packaging refers to the incorporation of certain additives into packaging film
or within packaging containers with the aim of maintaining and extending product shelf life. Intelligent packaging system is
capable of sensing and providing information about the function and properties of packaged food and also monitors the
condition of packaged food or the environment surrounding the food. The objective of this review is to provide an overview of
the current commercial applications of food packaging and recent developments in different types of food packaging

technologies.
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Introduction

Packaging acts as a physical barrier to protect food from
external factors, so the stability of packaging materials is
absolutely vital for enhancing food quality and safety and
increasing shelf-life, as well as ensuring that packaging
materials can fulfil their role in providing sturdy, attractive,
economical, and convenient products to consumers [ Food
packaging technology is continuously evolving as a result of
growing challenges from a modern society. Major current
and future challenges to fast- moving food packaging
include legislation, global markets, longer shelf life,
convenience, safer and healthier food, environmental
concerns, authenticity and food waste [,

The packaging is used to protect the product from the
deteriorative effects of environmental conditions such as
light, heat, moisture, pressure, microorganisms and so on [,
Novel and innovative food packaging techniques are
evolving in response to consumer demands or industrial
production trends towards mildly preserved, fresh and
convenient food products with prolonged shelf-life.
In addition, changes in retailing practices and consumers
lifestyle, present major challenges to the food packaging
industry which also act as driving forces for
the development of novel and improved packaging concepts
41, Another important reason for innovative food packaging
is the rising issues of food borne microbial outbreaks which
demands the use of packaging with antimicrobial effects
along with retention of food quality [ Packaging
optimisation strategies such as varying pack sizes to help
consumer buy the right amount and designing packaging to
maintain food quality and increase its self life have been
proposed to reduce food waste 1. The major functions of
food packaging include convenience, point of purchase
marketing, material reduction, safety, tamper-proofing and

environmental issues [,

Innovations in packaging started earlier in the form of
electrically driven packaging machinery, metallic cans,
aseptic packaging, flexible packaging, aluminium foils and
flexographic printing. Additionally, the introduction of
various materials, viz. Polyester, polypropylene and
ethylene vinyl alcohol polymers led to drastic evacuation
from metal, paperboard and glass packaging to plastic and
flexible packaging. Later on more advancement in
packaging technology appeared as intelligent or smart
packaging and active packaging 1. New concepts of active
and intelligent packaging play an increasingly important
role by offering numerous innovative solutions for
extending the shelf-life and improving or monitoring the
food quality. Introduction of active and intelligent
packaging can extend the shelf life of food or improve its
organoleptic properties and thus prevent food losses 1.

Active Packaging

Active packaging is one of the innovative food concepts that
have been introduced in response to continuous changes in
consumer demands and market trends. The purpose of the
active packaging is the extension of the shelf-life of the food
and the maintenance or even improvement of its quality [0,
Active packaging refers to the incorporation of certain
additives into packaging film or within packaging containers
with the aim of maintaining and extending product shelf life
(41, Active packaging, however, allows packages to interact
with food and the environment and play adynamic role
in food preservation [** 12, The principles behind active
packaging are based either on the intrinsic properties of the
polymer used as packaging material itself or on the
introduction (inclusion, entrapment etc.) of specific
substances inside the polymer 1% 131 In active packaging,
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nanotechnology has a great interesting potential because
nanostructures display a high surface-to-volume ratio and
specific surface properties. Nanotechnologies such as nano
(bio)composites and electro spun nano-fibre based
structures are able to enhance desired properties or to
introduce new additional effective functionalities with small
amount of nanofillers 4],

Active packaging systems can be divided into active
scavenging systems (absorbers) and active-releasing
systems (emitters). Whereas the former remove undesired
compounds from the food or its environment, for example,
moisture, carbon dioxide, oxygen, ethylene, flavour or
odour, the latter add compounds to the packaged food or
into the headspace, such as antimicrobial compounds,
carbon dioxide, antioxidants, ethanol [*51,

Active Scavenging Systems (Absorbers)

Oxygen Scavengers: The presence of oxygen in a package
accelerates the oxidative deterioration of food. Oxygen
facilitates the growth of aerobic microbes, off flavor and
odour development, colour changes and nutritional losses.
Therefore control of oxygen levels in food packages is
important to limit the rate of such spoilage reactions in food
[ 161 The deterioration in quality of oxygen sensitive
products can be minimised using oxygen absorbing systems
that remove the residual oxygen after packaging [71. The
oxygen absorbers are designed to reduce oxygen levels to
less than 100 ppm in package headspace. Existing oxygen
scavenging technologies are mainly based on iron powder
oxidation, ascorbic acid oxidation, photosensitive dye
oxidation, enzymatic oxidation (e.g. glucose oxidase and
alcohol oxidase), unsaturated fatty acids (oleic acid and
linolenic acid) or immobilised yeast on a solid substrate [©
181 Majority of currently available oxygen scavengers are
based on iron powder oxidation in the form of small sachets
containing various iron based powders containing as
assortment of catalysts (1.

Moisture Scavengers: A major cause of food spoilage is
the presence of excess moisture. Increase in moisture makes
the products more prone to microbial spoilage and may
cause alterations in texture and appearance, consequently
reducing shelf-life [ %1, Excess moisture cause food
spoilage which can be reduced by using various absorbers or
desiccants which in turn lower the water activity of the
product to suppress the microbial growth [l Active
moisture scavengers can be distinguished into 2 main types:
RH controllers that scavenge humidity in the headspace,
such as desiccants, and moisture removers that absorb
liquids %, The latter can be applied in the form of pads,
sheets, or blankets, and are typically placed underneath
fresh products in different packaging concepts (MAP,
vacuum, skin pack, and so on). They are applied for foods
of high water activity: fish, meat, poultry, fruits, and
vegetables 9,

Carbon dioxide Scavengers: Carbon dioxide scavengers
are used to remove excess CO; in packages. The carbon
dioxide scavengers are particularly used in packing fresh
roasted or ground coffees that produce significant volumes
of carbon dioxide. A mixture of calcium oxide and activated
charcoal has been used in polyethylene coffee pouches to
scavenge carbon dioxide. Dual-action oxygen and carbon
dioxide scavenger sachets and labels are more common and

are commercially used for canned and foil pouched coffees
in Japan and the USA 1% 211, The reactant commonly used to
scavenge CO; is calcium hydroxide, which, at a high
enough water activity, reacts with CO, to form calcium
carbonate; Ca(OH),+ CO, — CaCOs + H20. A disadvantage
of this CO; scavenging substance is that it scavenges carbon
dioxide from the package headspace irreversibly and results
in depletion of CO,, which is not always desired 22,

Ethylene Scavengers: Ethylene is a natural plant growth
hormone which accelerates respiration of fruits and
vegetables, induces fruit ripening, fruit softening and
senescence even at low concentration Bl The control of
ethylene in stored conditions plays a key role in prolonging
the post harvest life of many types of fresh produce 2.
Ethylene scavengers are useful for preserving ethylene-
sensitive fruits and vegetables such as apples, bananas,
mangos, tomatoes, onions, carrots [°, Activated carbon
base with various metal catalysts removes ethylene
effectively. Activated charcoal impregnated with palladium
catalyst is also used to scavenge ethylene from fresh
produce 4. Various films such as silicon polycarbonates,
polystyrenes, poly-ethylenes and polypropylenes are also
used for ethylene scavenging P4 Use of 1-
methylcyclopropane (1-MCP) is another alternative to
minimize the effect of ethylene %%,

Flavour or Odour Scavengers: The volatile compounds
such as aldehydes, amines and sulphides accumulate inside
the package as a result of food degradation can be
selectively scavenged 9. Volatile amines formed due to the
protein breakdown in fish muscle can be removed by
incorporating acidic compounds like citric acid in polymers
Bl The ANICO bags (Japan) made from film containing
ferrous salt and an organic acid such as citric acid or
ascorbic acid is capable of oxidizing the amines 4. Use of
high barrier packaging materials can also prevent the
absorption of other non-food odour like taints 8. Flavour
scavengers prevent the cross contamination of pungent
odour while transportation of mixed loads [,

Active Releasing Systems (Emitters)

Antioxidant Releasers: Inclusion of antioxidants in
packaging materials is an alternative of oxygen scavenging
system to prevent food oxidation. Oxidative process is one
of the primary causes of quality deterioration of food
products 261, Thus, different antioxidants have been used to
inhibit the oxidation in food. However the incorporation of
antioxidants in food formulations may affect the food
quality parameters such as colour or taste. Active packaging
represents an innovative strategy to incorporate antioxidants
in a polymer to prevent oxidative processes and extend the
self life of food products [21. Synthetic antioxidants, such as
butylated  hydroxytoluene  (BHT) and  butylated
hydroxyanisole (BHA) have been widely used in food
packaging to prevent lipid oxidation. There is now growing
interest in the inclusion of natural antioxidants such as
polyphenols, tocopherols, plant extracts, and essential oils
(EOs) to active packaging materials [28 29301,

Antimicrobial Packaging: Antimicrobial food packaging is
designed to inhibit the growth of spoilage and pathogenic
microorganisms. To control undesirable microorganisms on
foods, antimicrobial substances are incorporated in or

124



International Journal of Food Science and Nutrition

coated onto food packaging materials 1. The antimicrobial
agents generally used on packaging materials include
organic acids, e.g. propionate, benzoate and sorbate;
bacteriocins, e.g. nisin, extracts from spices and herbs, e.g.
rosemary, cloves, horse radish, mustard, cinnamon and
thyme; enzymes, e.g. peroxidase, lysozyme and glucose
oxidase; chelating agents, e.g. EDTA and antifungal agents,
e.g. imazalil and benomyl. The major potential food
applications for antimicrobial films include bread, cheese,
fruit and vegetables 1,

Carbon Dioxide Releasers: Carbon dioxide is added to the
packaging environment to suppress the microbial growth in
certain food products such as fresh meat, poultry, fish,
cheese, and baked goods and to reduce the respiration rate
of fresh produce 2. High carbon dioxide levels (10 -80%)
are desirable for such food items in order to inhibit surface
microbial growth and extend shelf life [, In the case of
oxygen scavenger packs, oxygen removal creates a partial
vacuum that may result in the collapse of flexible
packaging. Additionally, when a package is flushed with a
mixture of gases including CO, and O, the CO; dissolves in
the product and can create a partial vacuum due to the
solubility of CO; at lower temperatures 21,

Ethanol Emitters: Ethanol is an antimicrobial agent
particularly effective against mold but can also inhibit the
growth of yeasts and bacteria and thus increases the self-life
of food products 4. Ethanol can be sprayed directly onto
food products just prior to packaging. A practical and safer
method of generating ethanol is through the use of ethanol
emitting films and sachets (41, When food is packed with an
ethanol-emitting sachet or film, moisture is absorbed
by the food and ethanol vapour is released and diffuses into
the package headspace. Ethanol emitters are used
extensively to extend the mould-free shelf-life of high-ratio
cakes and other high moisture bakery products [ 3,

Intelligent Packaging

Intelligent packaging is designed to monitor the condition of
packed food or the environment surrounding the food [34,
Intelligent packaging system is capable of sensing and
providing information about the function and properties of
packaged food and also provides assurance of pack
integrity, tamper evidence, safety and quality of the product
during the whole food chain [ %61, The package will provide
information not only about the product itself (origin,
expiration date, composition), but will also be able to inform
about the history of the product (storage conditions,
headspace composition, microbial growth, etc) . It is an
extension of the communication function of traditional
packaging and communicates to the consumer based on its
ability to detect, sense and record the changes in the
products environment & 371, Besides, intelligent packaging
systems attached as labels, incorporated into, or printed onto
a food packaging material offer enhanced possibilities to
monitor product quality, trace the critical points, and give
more detailed information throughout the supply chain B8, It
also contributes in improving Hazard Analysis and Critical
Control Points’ (HACCP) and Quality Analysis and Critical
Control Points’ (QACCP) systems, which are developed to
detect the unsafe food, identify potential health hazards and
establish strategies to reduce or to eliminate their occurrence
139, Basically, intelligent packaging devices include

indicators, sensors or radiofrequency identification (RFID)
[40]

Indicators

Indicators can be defined as substances that indicate the
presence, absence or concentration of another substance or
the degree of reaction between two or more substance by
means of a characteristic change, especially in colour [16],

Time Temperature Indicator (TTI)

Temperature is one of the most important environmental
factors determining food preservation, as variations in
temperature during transportation, handling, distribution,
storage, and consumption can compromise the safety and
self life of perishable of food products M. To limit
pathogenic microorganism growth or toxin formation in
most perishable products, the FDA has defined these foods
as TCS (time and temperature control for safety) foods that
requires time and temperature control to ensure their quality
and safety [, Therefore, temperature monitoring is vital to
provide consumers with necessary information about food
quality and safety throughout the process of food
circulation. To address this issue, TTIs have been developed
to monitor time- and temperature-dependent changes in
product quality 2. Time temperature indicators are meant
to give information on whether a threshold temperature has
been exceeded over time and or to estimate the minimum
amount of time a product has spent above the threshold
temperature. Basically TTIs are small tags or labels that
keep track of time-temperature of a perishable commaodity
from the point of production to the end consumer Bl TTls
are generally attached onto individual consumer packages or
shipping containers. There are three basic types of TTIs
available in market: (1) critical temperature indicators (these
only show whether a product has been exposed to a
temperature above, or sometimes below, a reference
temperature); (2) partial history indicators (these indicate
the cumulative effect of the time-temperature changes on
product quality or safety when a product has been exposed
to a temperature above a reference temperature); and (3) full
history indicators (continuous monitoring of the manner in
which the temperature varies with time throughout a
product's history) 1,

Integrity Indicator

Integrity indicators attached to the packaging ensure the
integrity of the package in the distribution chain. The tag is
activated at the time of consumption, when the seal is
broken it triggers a timer and a color change is experienced
over time . Gas indicators are most commonly used
integrity indicator for meat packaging applications. Among
the various types of gas indicators, oxygen indicator is the
most common indicator used for MAP packaging
applications . MAP of meat products other than fresh
meat usually consist of high levels of CO, and a residual
concentration of O, Therefore a leak in MAP package is
easily detected using indicators of the level of oxygen. The
most common O indicators are colourimetric redox dye
based indicators comprising a redox dye such as methylene
blue, and a strong reducing agent, such as glucose in an
alkaline medium ®. A commercially available patented
(Ageless Eye, Vitalon, and Samso-Checker) indicators
provide information about the oxygen and carbon dioxide
leakage in meat products 45461,
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Freshness Indicator

Freshness indicators provide the information resulting from
microbial growth or chemical changes within a food
product. The microbiological quality of the product may be
determined through the reactions between integrated
indicators within the package and microbial growth
metabolites [*7 481, Changes in concentration of metabolites
such as glucose, organic acids, ethanol, carbon dioxide,
biogenic amines, volatile nitrogen compounds or sulphuric
compounds during storage indicates microbial growth.
Typically, these indicators focus on the detection of the first
kind of change (pH, gas composition, etc.). These changes
are detected by the indicators and transformed into a
response, usually a colour response which can be easily
measured and correlated with the freshness of food “°1. A
variety of freshness indicators have been developed to
monitor the chemical changes occurring during the self life,
the majority of which are based on colour change of
indicator tag due to the presence of metabolites derived
from microbial growth.]. A number of developments have
been announced by packaging companies but most of them
did not achieve a successful commercialization. In 1999,
COX  Technologies, USA  launched  FreshTag®
colourimetric indicator labels that react to volatile amines
produced during storage of fish and seafood products,
however the product was discontinued in 2004 [ 1 V|T
Technical Research Centre of Finland together with UPM
Raflatac developed a freshness indicator for poultry meat
based on a nanolayer of silver that reacts with hydrogen
sulphide, a breakdown product of cysteine. The indicator is
opaque light brown at the time of packaging, but as silver
sulphide is formed the colour of layer is converted to
transparent. However, Raflatac indicator is not
commercially available [6 47,

Sensors

A sensor is a device used to detect, locate or quantify energy
or matter, giving a signal for the detection or measurement
of a physical or chemical property to which the device
responds and provides a continuous output of a signal 5,
Most sensors contain two basic functional units: a receptor
and a transducer. In the receptor, physical or chemical
information is transformed into aform of energy, which
may  be measured by the transducer.  The transducer
is a device capable of transforming the energy carrying
the physical or chemical information about the sample into
a useful analytical signal 61,

Biosenser

Biosensors consist of bioreceptors and transducers.®! The
bioreceptor recognizes the target analyte and the transducer
converts biochemical signals into quantifiable electronic
response.[*1 In biosensor, receptors can be either organic or
biological materials like enzyme, hormone, nucleic acid,
antigen, microbes etc. The transducers may be of optical,
acoustic or electrochemical 1. A biosensor is developed by
Pospiskova et al. for the detection of biogenic amines
formed due to the decarboxylation of amino acids or by
amination and transamination of aldehydes and ketones due
to microbial action ®2. Food Sectinel System® (SIRA
Technologies Inc.) is a commercial biosensor developed to
detect the food pathogens. Specific antibodies are attached

to the membrane forming part of the sensor or the barcode.
The pathogens cause localized dark bar formation results the
barcode unreadable 141,

Gas Sensor

The composition of gas within food packaging changes due
to the activity of the food product (such as respiration,
transpiration and spoilage due to microorganisms), the
nature of the package (such as the gas permeability of the
packaging material), and the environmental conditions
(temperature or package leaks), and it is directly related to
the integrity, shelf-life, quality, and safety of packaged food
products [+ 531 Different types of gas sensors are used in
food packaging to monitor the changes in gas composition
inside the package. It include oxygen sensors, carbon
dioxide sensors, water vapour sensor, ethanol sensor, etc 146
%1 Oxygen can cause deleterious effects on food quality
through oxidative rancidity, changes in color, and microbial
spoilage; therefore, oxygen sensors are widely used in food
packaging %1, Papkovsy et al. described the optical oxygen
sensors which are based on the principle of luminescence
quenching or absorbance changes caused by direct contact
with the analyte 54, Optochemical sensors are used to detect
the quality of products by sensing gas analyte such as
hydrogen sulphide, carbon dioxide and volatile amines 5],
A carbon dioxide indicator is developed by Chatterjee and
Sen to respond to the presence of carbon dioxide via a
colour change from red to yellow [561,

Electronic Nose

Electronic Nose is an analytical tool composed of an array
of either chemical or biosensors with partial specificity and
statistical methods enabling the recognition of simple to
complex flavour, odour or savour [ 571 |t generates a
unique response to each flavour, odour or savour. An array
of sensors respond to volatile compounds by changing their
electrical properties 8. Then the samples can be classified
as acceptable or unacceptable, referencing a sensory
evaluation or microbiological analysis catalog. The response
of the electronic nose has been found to be consistent with
microbiological  analysis and volatile  concentration
determination of the product . Electronic nose has been
proved successful in the quality evaluation of fresh Yellow
fin tuna and vacuum-packaged beef [58],

Radiofrequency ldentification (Rfid)

Radiofrequency identification (RFID) is an automatic
identification technology which is based on wireless
communication (magnetic field or electromagnetic wave)
that can provide real-time information about temperature,
relative humidity, and nutritional and supplier information
as the product moves through the supply chain %, It does
not fall into either sensor or indicator classification but
rather represents a separate electronic information-based
form of intelligent packaging 4. RFID uses tags which can
be embedded in an item or placed inside food packing [¢21.
Most RFID tags store some sort of identification number
based on which reader can retrieve information about the ID
number from a database and acts upon it accordingly (31,
RFID tags can be classified as passive, semi-passive, or
active according to its power supply mode. Passive tags do
not contain onboard power sources and are powered by
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electromagnetic induction in magnetic fields. Passive tags
rely on the power supplied by the reader 5%, Semi-passive
tags have a local power source that is used only for
powering the chip. These tags still rely on the reader for
electromagnetic wave emission, and most of the time they
remain dormant except when awakened by the reader. Thus,
the power source is inactive most of the time, which
increases the lifespan of the tags. Active tags have an
embedded battery that is used to power the chip and to
broadcast signals to the reader. In comparison to the other
two types of tags, these tags have the widest reading range
(more than 50 m), and many tags can be read
simultaneously. However, the widespread use of active tags
is limited, because they are more expensive than passive or
semi-passive tags and have a limited lifespan (depending on
battery life) 2. RFID technology has been available for
approximately 40 years but its broad application to food
packaging is relatively a recent development €, It has been
successfully applied to traceability control and supply chain
management processes because of its ability to identify,
categorize and manage the flow of goods [64 65,

Conclusion

Novel food packaging technologies are the result of ever-
increasing demand of consumers for safe and high quality
foods. The innovations in packaging system assist in
detecting,  monitoring,  tracking,  recording  and
communicating the quality of food products throughout the
supply chain. Active and intelligent packaging helps in
extending the shelf life of food products and also enhances
the safety and security of food. Further, food products are
very complex systems and packaging parameters are highly
product-specific. Therefore, it is very crucial to consider all
the influencing factors (such as the physical and chemical
properties of the food, packaging material and its size,
storage conditions, etc) during the adoption of packaging
techniques.

References

1. Gupta RK, Dudeja P. Chapter 46 Food Packaging. In:
Food Safety in the 21st Century. 2017, 547-53.

2. Kerry JP. New packaging technologies, materials and
formats for fast-moving consumer products. In J.H. Han
(Ed.), Innovations in food packaging (pp. 549-584) (2"
ed.). San Diego, USA: Academic Press, 2014.

3. Biji KB. et al. Smart packaging systems for food
applications: a review. J Food Sci Technol. 2015;
52(10):6125-6135.

4. Dobrucka R, Cierpiszewski R. Active and Intelligent
Packaging Food- Research and Development- A
Review. Pol. J. Food Nutr. Sci. 2014; 64(1):7-15.

5. Majid I. et al. Novel food packaging technologies:
Innovations and future prospective. Journal of the Saudi
Society of Agricultural Sciences. 2016; 17:454-462.

6. CE Realini, B Marcos. Active and Intelligent packaging
systems for a modern society. Meat Science. 2014; 98:
404-419.

7. Han JH. A review of food packaging technologies and
innovations. In. J.H. Han (Ed.), Innovations in food
packaging (pp. 3-12). San Diego, USA: Academic
Press, 2014.

8. Brody AL, Bugusu B, Han JH, Koelsch sand C,
Mchugh TH. Innovative food packaging solutions. J.
Food Sci. 2008; 73:107-116.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

Dobrucka R. The future of active and intelligent
packaging industry. Log Forum. 2013; 9(2):103-110.
Shivalkar YK, Prabha R, Renuka K. Active packaging:
Concepts and Applications. International Journal of
Food & Nutritional Sciences. 2015; 4(1):194-200.
Brody A, Strupinsky ER, Kline LR, Odor removers. in:
Active Packaging for Food Applications (eds. A.
Brody, E.R. Strupinsky, L.R. Kline LR). Lancaster, Pa:
Technomic Publishing Company, Inc., ISBN: 978-1-
58716-045-5, 2001, 107-117.

Lopez- Rubio A, Almenar E, Hernandez-Munoz P,
Lagaron JM, Catala R, Gavara R, Overview of active
polymer based packaging technologies for food
applications. Food Rev. Int., 2004; 20:357-387.
Gontard, N. In: N. Gontard (Ed.), Les Emballages
Actifs. Paris, France: Tech & Doc Editors, Lavoisier.

D. Dainelli et al. Trends in Food Science & Technology
2000; 19:5103-S112.

Yildirim S. et al. Active Packaging Applications for
Food. Comprehensive Reviews in Food Science and
Food Safety. 2018; 17(1):165-199.

Hogan SA, Kerry JP. Smart packaging of meat and
poultry products. In: Kerry J, Butler P, editors. Smart
packagaing technologies for fast moving consumer
goods. West Sussex, England: John Wiley & Sons Ltd;
2008, 33-59.

Suppakul P, Miltz J, Sonneveld K, Bigger SW. Active
Packaging technologies with emphasis on antimicrobial
packaging and its applications. Journal of Food
Science. 2003; 68(2):408-420.

Floros JD, Dock LL, Han JH. Active packaging
technologies and applications. Food cosmetics and
Drug Packaging. 1997; 20:10-17.

Day B. Active packaging of food. In: J Kerry, P Butler,
editors. Smart packaging technologies for fast moving
consumers goods. Chichester, England: John Wiley &
Sons Ltd. 2008, 1-18.

Brody AL, Strupinsky E, Kline LR. Active packaging
for food applications. Boca Raton, Florida, USA: CRC
press. 2001, 101-108.

Rooney, M.L. (ed.) (1995) Active Food Packaging,
Chapman & Hall, London, U.K.

Ahvenainen., R. (2003). Novel food packaging
techniques. Woodhead Publishing Limited.

Terry, L.A., Elkenhans, T., Poulston, S., Rowsell, L.
And Smith, AJ. Development of new palladium-
promoted ethylene scavenger. Postharvest Biol.
Technol. 2007, 45, 214-220.

Rooney ML. Introduction to active food packaging
technologies. In: Han JH, editor. Innovations in Food
Packaging. London, UK: Elsevier Ltd, 2005, 63-69.
Blankenship SM, Dole JM. 1- Methylcyclopropene: a
review. Postharvest Biol Tec. 2003; 28:1-25.

Liu F, Dai R, Zhu J, Li X. Optimizing colour & lipid
stability of beef patties with a mixture design
incorporating with tea catechins, carnosine, and alpha-
tocopherol. Journal of Food Engineering. 2010;
98(2):170-177.

Bolumar T, Andersen MI, Orlien V. Antioxidant active
packaging for chicken meat processed by high pressure
treatment. Food Chemistry. 2011; 129(4):1406-1412.
Barbosa- Pereira, L, Aurrekoetxea, GP, Angulo, I,
Paseiro- Losada, P, Cruz, JM. Development of new
active packaging films coated with natural phenolic

127



International Journal of Food Science and Nutrition

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

compounds to improve the oxidative stability of beef.
Meat Sci. 2014; 97(2):294-54.

Park HY, Kim SJ, Kim KM, You YS, Kim SY, Han J.
Development of antioxidant packaging material by
applying corn-zein to LLDPE Film in combination with
phenolic compounds. J Food Sci. 2012; 77(10):E273-9.
Macros B, Sarraga C, Castellari M, Kappen F,
Schennink G, Arnau J. Development of biodegradable
films with antioxidant properties based on polyesters
containing alpha- tocopherol and olive leaf extract for
food packaging applications. Food Pack Self Life.
2014; 1(2):140-50.

Gray PN. generation of active Microatmosphere
environments from and in packages, in Proceedings of
the ‘International Conference on Active and Intelligent
Packaging,” Campden & Chorleywood Food Research
Association, Chipping Campden, Glos., UK, 2000, 7-8.
Han JW, Garcia LR, Qian JP, Yang XT. Food
Packaging: A Comprehensive Review and Future
Trends. Comprehensive Reviews in Food Science and
Food Safety. 2018; 17(4):860-877.

Day BPF. Active packaging. in: Food Packaging
Technologies (eds R. Coles, D. McDowell, M. Kirwan).
CRC Press, Boca Raton, FL, USA, ISBN:
9781444392180, 2003, 282-302.

European Commission. Commission Regulation (EC)
No 450/2009 of on active and intelligent materials and
articals intended to come in contact with food. Official
Journal of the European Union. L. 2009; 135:1-11.
Dobrucka R. The future of active and intelligent
packaging industry. Log Forum. 2013; 9(2):103-110.
Day BPF. Active packaging- a fresh approach. J. Brand
Technol. 2001; 1:1.

Restruccia D, Spizzirri UG, Parisi O, Cirillo G, Curcio
M, lemma F, et al. New EU regulation aspects and
global market of active and intelligent packaging for
food industry applications. Food Control. 2010;
21:1425-1435.

Han JH, Ho CHL, Rodrigues ET. Intelligent packaging.
In JH. Han (Ed)., Innovations in food packaging.
Elsevier Academic Press, 2005.

Heising JK, Dekker M, Bartels PV, Van Boekel MA.
Monitoring the quality of perishable foods:
opportunities for intelligent packaging. Crit Rev Food
Sci Nutr. 2014; 54(5):645-654.

Vanderroost M, Ragaert P, Devlieghere F, Meulenaer
BD. Intelligent food packaging: The next generation.
Trends Food Sci Technol. 2014; 39:47-62.

Lee SJ, Rahman ATMM. Intelligent packaging for food
products. In J.H. Han (Ed.), Innovations in food
packaging. (2" ed.). San Diego, USA: Academic Press,
2014, 171-209.

Food Drug Administration (FDA). Recommendations
of the United States Public Health Service, National
Technical Information Service Publication, 2013-
110462.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

Singh RP. Scientific principles of shelf-life evaluation.
In D. Man & A.J. Jones (Eds.), Shelf-life evaluation of
food (2@ ed.3-22). Gaithersburg, MD: Aspen
Publishers, 2000.

Yam KL, Takhistov PT, Miltz J. Intelligent packaging:
Concepts and applications. Journal of Food Science.
2005; 70(1):R1-R10.

Mills A. Oxygen indicators and intelligent inks for
packaging food. Chemical Society Reviews. 2005;
34:1003-1011.

Kerry JPO, Grady MN, Hogan SA. Past, current and
potential utilisation of active and intelligent packaging
systems for meat and muscle- based products: A review
Meat Science. 2006; 74:113-130.

Smolander M. Freshness indicators for food packaging.
In JF. Kerry, & F. Butler (Eds.), Smart packaging
technologies for fast moving consumer goods West
Sussex, England: John Wiley and Sons Ltd, 2008, 111-
128.

Kuswandi B, Maryska C, Jayus RA, Abdullah A, Heng
LY. Real time on package freshness indicator for guava
packaging. Food measure. 2013; 7:29-39.
Arvanitoyannis IS, Stratakos AC. Application of
modified atmosphere packaging and active/smart
technologies to red meat and poultry. A review. Food &
Bioprocess Technology. 2012; 5(5):1423-1446.
Kress-Rogers E. Chemosensors, biosensors and
immune sensors. In: Kress- Rodgers E, -editor.
Instrumentation and sensors for the food industry.
Cambridge, UK: Woodhead Publishing Ltd, 1998581-
669.

Alocilja EC, Radke SM. Market analysis of biosensors
for food safety. Biosensors Bioelectron. 2003; 18:841-
846.

Pospiskova K, Safarik 1, Sebela M, Kuncova G.
Magnetic particles- based biosensor for biogenic
amines using an optical oxygen sensor as a transducer.
Microchem Acta. 2013; 180:311-318.

Fang Z, Zhao Y, Warner RD, Johnson SK. Active and
intelligent packaging in meat industry. Trends in Food
Science & Technology. 2017; 61:60-71.

Papkovsky DB, Smiddy MA, Papkovskaia NY, Kerry
JP. Nondestructive measurement of oxygen in modified
atmosphere packaged hams using a phase- fluorimetric
sensor system. J Food Sci. 2002; 67:3164-3169.
Wolfbeis OS, List H. Method for quality control of
packaged organic substances and packaging material
for use with this method. US Patent, 1995, 5407829.
Chatterjee C, Sen A. Sensitive colorimetric sensors for
visual detection of carbon dioxide and sulphur dioxide.
Journal of Materials Chemistry A, 3, 2015, 5642-5647.
Gardener JW, Bartlett PN. A brief history of electronic

128



International Journal of Food Science and Nutrition

58.

59.

60.

61.

62.

63.

64.

65.

noses. Sensor Actuat B- Chem. 1993; 18:211-220.

Blixt Y, Borch E. Using an electronic nose for
determining the spoilage of vacuum- packaged beef.
Int. J. Food Microbial. 1999; 46:123-134.

Gram L, Huss HH. Fresh and processed fish and
shellfish. in: The Microbiological Safety and Quality of
Foods (eds. DM. Lund, A.C. Baird- Parker, G.W.
Gould). Aspen Publishers Inc., Goitherburg, MD, 2000,
ISBN-10-0834213230.

Bibi F, Guillaume C, Gontard N, Sorli B. A review:
RFID technology having sensing aptitudes for food
industry and their contribution to tracking and
monitoring of food products. Trends in Food Science &
Technology. 2017; 62:91-103.

Mousavi A, Sarhavi M, Lenk A, Fawcett S. Tracking
and traceability in the meat processing industry: a
solution. Brit. Food J. 2002; 104:7-19.

Ruiz- Garcia L, Lunadei L. The role of RFID in
agriculture: Applications, limitations and challenges.
Computers and Electronics in Agriculture. 2011; 79:42-
50.

Todorovic V, Neag M, Lazarevic M. On the usage of
RFID Tags for tracking and monitoring of shipped
perishable goods. Procedia Engineering. 2014;
69:1345-1349.

Jones P, Clarke- Hill C, Shears P, Comfort D, Hillier D.
Radio frequency identification in the UK: opportunities
and challenges. Int J Retail Disturb Manag. 2004;
32(3): 164-171.

Sarac A, Absi N, Dauzere- Peres S. A literature review
on the impact of RFID technologies on supply chain
management. Int. J. Of Prod Econ. 2010; 128(1):77-95.

129



