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Preface

There is no official definition of smart packaging but most would agree that it is packaging
that goes beyond the use of simple packaging materials combined with traditional printed
features such as alphanumerics, graphics and simple barcodes. It can apply to primary,
secondary, or tertiary packaging. In the literature this new type of packaging has been
classified in many ways — ‘active’, ‘intelligent’, ‘smart’, ‘diagnostic’, ‘functional’ and
‘enhanced’ are all terms that have been used.

In this book, we prefer to gather all forms of packaging where the package does more than
simply protect, store and give information about the product under the all-embracing term
‘smart packaging’. This definition of smart packaging therefore encompasses aspects of
packaging design and the incorporation of mechanical, chemical, electrical and electronic
forces, or combination of these, within the package. It includes packaging that is active
in some way with or without communication to the users and it also includes the most
common form of electronic smart packaging, RFID-enabled packaging. Although we have
attempted to unify the book around the ‘smart packaging’ terminology, inevitably some of
our authors have preferred to stick with their own familiar definitions.

Packaging needs to become smarter in the future for a number of reasons. Up to now,
packaging has done an excellent job in preventing waste and getting products to customers
in good condition. However, the world of consumer packaged goods is mature and the
market saturated, at least in the developed world, so a new paradigm is necessary.

We live in a rapidly changing world where yesterday’s status quo is no longer good
enough. At the retail store or supermarket, a sea of coloured noise greets shoppers — row
upon row of near identical packaged products that fail to engage the senses, lift the spirits,
educate, inspire or entertain. Responsive features are one of the most exciting aspects
of smart packaging and present many opportunities to improve the consumer/packaging
interface, which has remained unchanged for decades. Future packaging must offer and
deliver a more compelling value proposition to the consumer, particularly in terms of
convenience and on-the-go support to increasingly hectic lifestyles.



xvi  Preface

A major part of this book is devoted to the challenges and imperatives for tomorrow’s
packaging for the food industry. Requirements to improve food product quality and safety,
enhance or stabilise food composition and nutrition, extend shelf-life product stability or
build confidence, information or consumer convenience into food packs are fast becoming
market demands. Future packaging formats must be designed with these requirements
in mind. Numerous examples of commercially used smart packaging technologies are
provided, along with research presenting current areas that are receiving a lot of attention
for potential future commercial usage.

RFID-enabled packaging is a hugely important development area and consequently forms
apart of this book but is not treated in great depth. We have chosen to highlight a contribution
on the physics of RFID readability, and the strong influences of packaging and product
materials, and a real-life successful case study in a retail application. Readers are referred
to the many other publications on RFID for further details of this important technology.

Significant smart packaging opportunities exist in non-food market sectors such as phar-
maceuticals, beverages, health and beauty, and household products, and these challenges
are covered in subsequent chapters. Included as a separate chapter is the new and exciting
technology of laser surface authentication — a potentially powerful anti-counterfeiting pro-
cess for packaging. Finally the important area of legislation as it relates to smart packaging
formats is explored.

Consumer benefits will ultimately drive smart packaging developments and must be
clearly communicated to the consumer. The strategy of just throwing new products at
consumers needs to change, and for real packaging innovation to move up marketing and
advertising budgets. Smart packaging can be considered as a natural progression in package
innovation for many fast moving consumer goods (FMCGs). After all, competition for shelf
space has never been more intense, and the competition arena is increasingly moving from
media to the point-of-purchase, making packaging more important than ever before.

Joseph Kerry
University College Cork, Ireland

Paul Butler
Packaging Materials and Technologies Ltd, UK



Figure 4.1 Response scale of enzymatic CheckPoint® TTI (Vitsab, Sweden).
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TAG ORIENTATION
Total Tag Read % OUTWARD INWARD FORWARD | UPWARD DO\\TI;WAR
(Standard Error %)
EMPTY 100% 97.1% 100% 100% 97.8%
(0%) (0.8%) (0%) (0%) (0.4%)
FOAM 100% 98.6% 100% 100% 98.0%
; (0%) (0.4%) (0%) (0%) (0.4%0)
g EMPTY BOTTLES 100% 97.0% 100% 100% 99.3%
: (0%) (0.5%) (0%%) (0%) (0.2%)
- RICE
WATER BOTTLES
Notes:

Data in each cell represent percentage of 1200 tag reads (25 trials of 48 cases on a pallet).
For example, when the cases contained rice and the tags faced inward (to the center of the
pallet rather than out), 60.5% or 726 out of 1200 total tags read correctly. A total of 25 runs
(i.e. tags oriented OUT with EMPTY cases) of 25 samples (with each sample comprising a
pallet of 48 cases) were made.

Significant Findings:
RED = Product Specific Orange = Both

Figure 10.4 Results of Tazelaar experiment on product/package influence on RFID
readability.

Figure 10.9 Example RFID hotspot result for one side of a case [46].



1
Active Packaging of Food

Brian P. F. Day

1.1 Introduction and Background Information

Active packaging has been variously classified in the literature by a number of differing
definitions. Some of these definitions are either so broad as to include many packages that
are clearly not active, or so narrow as to exclude important subsets of active packaging
(Robertson, 2006). According to previous reviews, active packaging has been classified as
a subset of smart packaging and referred to as the incorporation of certain additives into
packaging film or within packaging containers with the aim of maintaining and extending
product shelf-life (Day, 2001; 2003). However, as pointed out by Robertson (2006), this
definition focuses on the additives that make a package active and hence excludes certain
categories such as temperature compensating polymeric films for fresh fruit and vegetables.
Another definition states that packaging may be termed active when it performs some
desired role in food preservation other than providing an inert barrier to external conditions
(Rooney, 1995). Robertson (2006) correctly identifies ‘desired” and ‘inert’ as the key words
in this definition, since all packaging materials, except glass, are not totally inert and can
contribute undesirable components to food or absorb desirable components from food.
Consequently, for the purposes of this chapter, active packaging is defined as ‘packaging in
which subsidiary constituents have been deliberately included in or on either the packaging
material or the package headspace to enhance the performance of the package system’
(Robertson. 2006). The key words here are ‘deliberately’ and ‘enhance’, and implicit in
this definition is that performance of the package system includes maintaining the sensory,
safety and quality aspects of the food.

Information emanating from Food Science Australia is given after the exercise of all reasonable care and skill in its compilation,
preparation and issue, but is provided without liability in its application and use.

Smart Packaging Technologies for Fast Moving Consumer Goods Edited by Joseph Kerry and Paul Butler
© 2008 John Wiley & Sons, Ltd. ISBN: 978-0-470-02802-5



2 Smart Packaging Technologies for Fast Moving Consumer Goods

Hence, active packaging includes components of packaging systems that are capable
of scavenging oxygen; absorbing carbon dioxide, moisture, ethylene and/or flavour/odour
taints; releasing carbon dioxide, ethanol, antioxidants and/or other preservatives; and/or
maintaining temperature control and/or compensating for temperature changes. Pira Inter-
national Ltd estimated the global value of the total active packaging market in 2005 to be
worth $1.558 billion and has forecasted this market in 2010 to be worth $2.649 billion
(Anon., 2005¢). Table 1.1 lists examples of active packaging systems, some of which may
offer extended shelf-life opportunities for new categories of food products (Day, 2003;
Rooney, 1995; Brody, 2005; Robertson, 2006).

Active packaging has been used with many food products and is being tested with nu-
merous others. Table 1.1 lists some of the food applications that have benefited from active
packaging technology. It should be noted that all food products have a unique deterioration
mechanism that must be understood before applying this technology. The shelf-life of pack-
aged food is dependent on numerous factors such as the intrinsic nature of the food (e.g. pH,
water activity, nutrient content, occurrence of antimicrobial compounds, redox potential,
respiration rate and biological structure) and extrinsic factors (e.g. storage temperature,
relative humidity and the surrounding gaseous composition). These factors will directly
influence the chemical, biochemical, physical and microbiological spoilage mechanisms
of individual food products and their achievable shelf-lives. By carefully considering all of
these factors, it is possible to evaluate existing and developing active packaging technolo-
gies and apply them for maintaining the quality and extending the shelf-life of different
food products (Day, 2001).

Active packaging is not synonymous with intelligent packaging, which simplistically
refers to packaging that senses and informs (Day, 2003). Robertson (2006) defines intel-
ligent packaging as packaging that contains an external or internal indicator to provide
information about aspects of the history of the package and/or quality of the food. In-
telligent packaging devices are capable of sensing and providing information about the
function and properties of packaged food and can provide assurances of pack integrity,
tamper evidence, product safety and quality, as well as being utilised in applications such
as product authenticity, anti-theft and product traceability. Intelligent packaging devices
include time—temperature indicators, gas sensing dyes, microwave doneness indicators,
microbial growth indicators, physical shock indicators, and numerous examples of tamper
proof, anti-counterfeiting and anti-theft technologies (Day, 2001; Robertson, 2006).

It should be noted that there is a certain grey area with regards to what constitutes
active and/or intelligent packaging (Brody, 2005; Robertson, 2006). The vast majority of
consumers could not tell the difference and probably do not care so long as the packaging is
safe and functional (Kerry, personal communication). Smart packaging can be considered
an all-embracing term used to encompass both active and intelligent packaging, as well
functional and emotional packaging in addition to clever packaging design (Kerry and
Butler, foreword of this book; Robertson, 2006).

The intention of this chapter is to provide an overview of active packaging and to describe
briefly the different types of device, the scientific principles behind them, the principal food
applications and some of the food safety and regulatory issues that need to be considered
by potential users. The major focus of this chapter is on oxygen scavengers but other active
packaging technologies are described and some recent developments are highlighted. More
detailed information on active packaging can be obtained from some of the other chapters
in this book as well as the references listed.



Table 1.1 Selected examples of active packaging systems
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Active packaging
system

Mechanisms

Food applications

Oxygen scavengers

Carbon dioxide
scavengers/emitters

Ethylene scavengers

Preservative
releasers

Ethanol emitters

Moisture absorbers

Flavour/odour
absorbers

Temperature control
packaging

Temperature
compensating films

Iron based

Metal/acid

Nylon MXD6

Metal (e.g. platinum) catalyst
Ascorbate/metallic salts
Enzyme based

Iron oxide/calcium hydroxide
Ferrous carbonate/metal halide
Calcium oxide/activated charcoal
Ascorbate/sodium bicarbonate

Potassium permanganate
Activated carbon
Activated clays/zeolites

Organic acids

Silver zeolite

Spice and herb extracts
BHA/BHT antioxidants

Vitamin E antioxidant

Chlorine dioxide/sulphur dioxide

Encapsulated ethanol

PVA blanket
Activated clays and minerals
Silica gel

Cellulose triacetate

Acetylated paper

Citric acid

Ferrous salt/ascorbate
Activated carbon/clays/zeolites

Non-woven plastics
Double-walled containers
Hydrofluorocarbon gas
Quicklime/water

Ammonium nitrate/water

Calcium chloride/water

Super corroding alloys/salt water
Potassium permanganate/glycerine

Side chain crystallisable polymers

Bread, cakes, cooked rice,
biscuits, pizza, pasta,
cheese, cured meats and
fish, coffee, snack foods,
dried foods and beverages

Coffee, fresh meats and fish,
nuts and other snack food
products and sponge cakes

Fruit, vegetables and other
horticultural products

Cereals, meats, fish, bread,
cheese, snack foods, fruit
and vegetables

Pizza crusts, cakes, bread,
biscuits, fish and bakery
products

Fish, meats, poultry, snack
foods, cereals, dried foods,
sandwiches, fruit and
vegetables

Fruit juices, fried snack
foods, fish, cereals, poultry,
dairy products and fruit

Ready meals, meats, fish,
poultry and beverages

Fruit, vegetables and other
horticultural products

Reproduced and updated from Active Packaging of Foods, New Technologies Bulletin No. 17. Copyright (1998), with
permission from the Campden & Chorleywood Food Research Association, Chipping Camden, Glos., UK
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1.2 Oxygen Scavengers

Oxygen can have considerable detrimental effects on foods. Oxygen scavengers (also re-
ferred to as oxygen absorbers) can therefore help maintain food product quality by de-
creasing food metabolism, reducing oxidative rancidity, inhibiting undesirable oxidation
of labile pigments and vitamins, controlling enzymic discoloration and inhibiting the growth
of aerobic microorganisms (Day, 2001; Rooney, 1995, 2005).

Oxygen scavengers are becoming increasingly attractive to food manufacturers and retail-
ers and the growth outlook for the global market is bullish. Pira International Ltd estimated
the global oxygen scavenger market to be 12 billion units in Japan, 500 million in the USA
and 300 million in Western Europe in 2001. This market was forecast to grow to 14.4 billion
in Japan, 4.5 billion in the USA and 5.7 billion in Western Europe in 2007 (Anon., 2004a).
In addition, Pira International Ltd. estimated the global value of this market in 2005 to be
worth $588 million and has forecast this market to be worth $924 million in 2010 (Anon.,
2005¢). The increasing popularity of oxygen scavenging polyethylene terephthalate (PET)
bottles, bottle caps and crowns for beers and other beverages has greatly contributed to this
impressive growth (Anon., 2005e).

Oxygen scavengers are the most commercially important sub-category of active pack-
aging for food products and the most well known take the form of small sachets containing
various iron based powders containing an assortment of catalysts. These chemical systems
often react with water supplied by the food to produce a reactive hydrated metallic reduc-
ing agent that scavenges oxygen within the food package and irreversibly converts it to a
stable oxide. The iron powder is separated from the food by keeping it in a small, highly
oxygen permeable sachet that is labelled ‘Do not eat’ and includes a diagram illustrating
this warning. The main advantage of using such oxygen scavengers is that they are ca-
pable of reducing oxygen levels to less than 0.01 % which is much lower that the typical
0.3-3.0 % residual oxygen levels achievable by modified atmosphere packaging (MAP).
Oxygen scavengers can be used alone or in combination with MAP. Their use alone elim-
inates the need for MAP machinery and can increase packaging speeds. However, it is
usually more common commercially to remove most of the atmospheric oxygen by MAP
and then use a relatively small and inexpensive scavenger to mop up the residual oxygen
remaining within the food package (Day, 2003; Robertson, 2006).

Non-metallic oxygen scavengers have also been developed to alleviate the potential for
metallic taints being imparted to food products. The problem of inadvertently setting off
in-line metal detectors is also alleviated even though some modern detectors can now be
tuned to phase out the scavenger signal whilst retaining high sensitivity for ferrous and
non-ferrous metallic contaminants. Non-metallic scavengers include those that use organic
reducing agents such as ascorbic acid, ascorbate salts or catechol. They also include enzymic
oxygen scavenger systems using either glucose oxidase or ethanol oxidase, which could
be incorporated into sachets, adhesive labels or immobilised onto packaging film surfaces
(Day, 2003).

Oxygen scavengers were first marketed in Japan in 1976 by the Mitsubishi Gas Chemical
Co. Ltd under the trade name Ageless'". Since then, several other Japanese companies,
including Toppan Printing Co. Ltd and Toyo Seikan Kaisha Ltd, have entered the market
but Mitsubishi still dominates the oxygen scavenger business in Japan (Rooney, 1995; 2005).
Oxygen scavenger technology has been successful in Japan for a variety of reasons including
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the acceptance by Japanese consumers of innovaive packaging and the hot and humid
climate in Japan during the summer months, which is conductive to mould spoilage of food
products. As pointed out by Robertson (2006), the acceptance of innovative packaging is
the most likely reason why oxygen scavengers have been a commercial success in Japan. In
contrast to the Japanese market, the acceptance of oxygen scavengers in North America and
Europe has been relatively slow, although several manufacturers and distributors of oxygen
scavengers are now established in both these continents (Rooney, 1995, 2005; Brody, 2005).
Table 1.2 lists selected manufacturers and trade names of oxygen scavengers, including
some that are still under development or have been suspended because of regulatory controls
(Day, 2003; Rooney, 1995; 1998; 2005).

It should be noted that discrete oxygen scavenging sachets suffer from the disadvantage
of possible accidental ingestion of the contents by the consumer and this has hampered
their commercial success, particularly in North America and Europe. However, in the last
few years, the development of oxygen scavenging adhesive labels that can be adhered to the
inside of packages and the incorporation of oxygen scavenging materials into laminated
trays and plastic films have enhanced and will help the commercial acceptance of this
technology. For example, Marks & Spencer Ltd was the first UK retailer to use oxygen
scavenging adhesive labels for arange of sliced cooked and cured meat and poultry products,
which are particularly sensitive to deleterious light and oxygen-induced colour changes
(Day, 2001). Other UK retailers, distributors and caterers are using these labels for the
above food products as well as for coffee, pizzas, speciality bakery goods and dried food
ingredients (Hirst, 1998). Other common food applications for oxygen-scavenger labels and
sachets include cakes, breads, biscuits, croissants, fresh pastas, cured fish, tea, powdered
milk, dried egg, spices, herbs, confectionery and snack food. (Day, 2001). In Japan, Toyo
Seikan Kaisha Ltd has marketed a laminate containing an iron based oxygen scavenger
which can be thermoformed into an Oxyguard™ tray that has been used commercially for
cooked rice.

The use of oxygen scavengers for beer, wine and other beverages is potentially a huge
market that has only recently begun to be exploited. Iron-based label and sachet scavengers
cannot be used for beverages or high water activity (ay) foods because when wet, their
oxygen scavenging capability is rapidly lost. Instead, various non-metallic reagents and
organo-metallic compounds that have an affinity for oxygen have been incorporated into
bottle closures, crown and caps or blended into polymer [usually polyester (PET)] materials
so that oxygen is scavenged from the bottle headspace and any ingressing oxygen is also
scavenged. The PureSeal™ oxygen scavenging bottle crowns (produced by W.R. Grace
Co., Inc. USA), oxygen scavenging plastic (PET) beer bottles (manufactured by Continental
PET Technologies, USA), 0S2000® cobalt catalysed oxygen scavenger films (produced
by Cryovac Sealed Air Corporation, USA) and light activated ZerO,® oxygen scavenger
materials (developed by Food Science Australia, North Ryde, NSW, Australia) are just
four of many oxygen scavenger developments aimed at the beverage market but which
are also applicable to other food applications (Rooney, 1995; 1998; 2000; 2005; Scully
and Horsham, 2005). However, it should be noted that the speed and capacity of oxygen
scavenging plastic films and laminated trays are considerably lower compared with iron-
based oxygen scavenger sachets or labels (Hirst, 1998).

More detailed information on the technical requirements (i.e. for low, medium and high
ay, foods and beverages; speed of reaction; storage temperature; oxygen scavenging capacity
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Table 1.2 Selected oxygen scavenger systems

Scavenger
Manufacturer Country  Trade name mechanism Packaging form
Mitsubishi Gas Japan Ageless Iron based Sachets and
Chemical Co. Ltd labels
Toppan Printing Co. Ltd  Japan Freshilizer Iron based Sachets
Toagosei Chem. Industry Japan Vitalon Iron based Sachets
Co. Ld
Nippon Soda Co. Ltd Japan Seagul Iron based Sachets
Finetec Co. Ltd Japan Sanso-Cut Iron based Sachets
Toyo Seikan Kaisha Ltd. Japan Oxyguard Iron based Plastic trays
Ueno Seiyaku Co. Ltd.  Japan Oxyeater Iron based Sachets and
labels
Multisorb Technologies, USA FreshMax Iron based Labels
Inc. FreshPax Iron based Labels
Fresh Pack Iron based Labels
M&G Italy ActiTUF Iron based Polyester bottles
Ciba Speciality Switzerland Shelfplus O,  PET copolyester Plastic film,
Chemicals bottles and
containers
Chevron Chemicals USA N/A Benzyl acrylate  Plastic film
W.R. Grace Co. Ltd USA PureSeal Ascorbate/ Bottle crowns
Metallic salts
Grace Darex Packaging USA DarExtend Ascorbate Bottle crowns
Technologies
Food Science Australia  Australia ZerO, Photosensitive Plastic film,
dye/organic bottles and
compound containers
CMB Technologies France Oxbar Cobalt catalysed Plastic bottles
polymer
oxidation
Cryovac Sealed Air USA 0S2000 Cobalt catalysed Plastic films
Corporation 0OS1000 polymer
oxidation
Standa Industrie France ATCO Iron based Sachets
Oxycap Iron based Bottle crowns
EMCO Packaging UK ATCO Iron based Labels
Systems
Johnson Matthey Plc UK N/A Platinum group  Labels
metal catalyst
Bioka Ltd Finland Bioka Enzyme based  Sachets
Alcoa CSI Europe UK O,-Displacer Unknown Bottle crowns
System

Reproduced and updated from Active Packaging of Foods, New Technologies Bulletin No. 17. Copyright (1998), with
permission from the Campden & Chorleywood Food Research Association, Chipping Camden, Glos., UK
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and necessary packaging criteria) of the different types of oxygen scavenger can be obtained
from the manufacturers and suppliers, as well as Rooney (1995; 1998; 2000), Labuza and
Breene (1989) and Brody (2005).

1.2.1 ZerO,® Oxygen Scavenging Materials

As a case study, brief details of the ZerO,® oxygen scavenging development are described
here (Rooney, 2000; Scully and Horsham, 2005). ZerO,® is the registered trade name for
a range of oxygen scavenging plastic packaging materials that are inactive until activated
and thus can be subjected to conventional extrusion-based converting processes in the
manufacture of packaging such as film, sheet, coatings, adhesives, lacquers, bottles, closure
liners and can coatings. This patented technology is based on research undertaken at Food
Science Australia (North Ryde, NSW, Australia).

Packaging problems involving the need for oxygen scavenging may be divided into two
classes based on the origin of the oxygen that needs to be removed. Firstly, headspace and
dissolved oxygen is present at the time of sealing of most packages of food and beverages.
Removal of some or all of this oxygen is required to inhibit the various food degradation
processes that occur in such food. A headspace oxygen scavenger is required in this case.
Secondly, the oxygen that enters a package by permeation or leakage after package sealing
needs to removed, preferably before contacting the food. The oxygen scavenger required
in this case is a chemically enhanced barrier. Prototype ZerO,® headspace scavenging
polymer compositions to meet these two requirements have been synthesised from food-
grade commercial polymers and extruded into film. Oxygen scavenging from the gas phase
can be made to occur within minutes at retort temperatures and within several hours to one
or two days at room temperature. Oxygen scavenging to very low levels under refrigeration
temperatures can require two or more days, as expected when gas diffusion into the polymer
is slowed.

Beverages are particularly susceptible to quality degradation due to oxidation or, in some
cases, due to microbial growth. Distribution can require shelf-lives of up to a year under
ambient conditions in some cases, resulting in a need for an enhanced oxygen barrier for
plastics. The conditions found in liquid paperboard cartons, laminate pouches or multilayer
barrier bottles were studied (Rooney, 2000; Zerdin et al., 2003) in collaboration with
TNO Food Science and Nutrition (Zeist, The Netherlands). Experimental conditions were
chosen using pouches of a laminate including an ethylene vinyl alcohol (EVOH) layer
with an experimental ZerO,® layer on the inside (with an EVOH/polyethylene laminate as
control). The test beverage was orange juice and, in the control packs, the dissolved oxygen
concentration decreased from 8 to 0 ppm, due to reaction with the ascorbic acid (vitamin
C), over a month at 25 °C and 75 days at 4 °C. At both temperatures, the Zer0,® laminate
removed the oxygen in less than three days and halved the loss of the vitamin C over a
storage period of one year. Browning was also reduced by one third after one year at 25 °C
(Rooney, 2000; Scully and Horsham, 2005).

Alcoholic beverages, such as beer and white wine, are also susceptible to rapid oxida-
tive degradation. Using ZerO,® materials, shelf life extensions of at least 33 % have been
demonstrated for bag-in-box wine. Cheese and processed meats are examples of refrig-
erated foods that are normally packaged under modified atmospheres. It is the headspace
oxygen that severely limits the storage life of these products. Cheese normally requires the
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presence of carbon dioxide as well as an oxygen level below 1 %. Results of packaging in
laminates with and without a ZerO,® layer have demonstrated that the common spoilage
moulds can be inhibited completely with little or no carbon dioxide. Also, discolouring of
sliced smoked ham can be inhibited under refrigerated cabinet lighting conditions when the
packaging laminate scavenges the initial oxygen concentration of 4 % to very low levels.
Development of ZerO,® polymers with ‘glass-like’ barrier properties is aimed at inhibit-
ing the widest range of oxygen-mediated food degradation processes. Examples studied
so far have demonstrated that some fast oxidative degradation reactions can be success-
fully inhibited. It is likely that the use of such oxygen scavenging packaging materials will
influence the consumer trend away from glass and metals towards plastic containers for
the packaging of oxygen-sensitive beverages such as beer, wine and juices (Rooney, 2000;
Scully and Horsham, 2005).

1.3 Carbon Dioxide Scavengers/Emitters

Many commercial sachet and label devices can be used either to scavenge or emit carbon
dioxide. The use of carbon dioxide scavengers is particularly applicable for fresh roasted
or ground coffees, which produce significant volumes of carbon dioxide. Fresh roasted or
ground coffees cannot be left unpackaged since they will absorb moisture and oxygen and
lose desirable volatile aromas and flavours. However, if coffee is hermetically sealed in
packs directly after roasting, the carbon dioxide released will build up within the packs and
eventually cause them to burst. To circumvent this problem, two solutions are currently used.
The first is to use packaging with patented one-way valves that will allow excess carbon
dioxide to escape. The second solution is to use a carbon dioxide scavenger or a dual-action
oxygen and carbon dioxide scavenger system. A mixture of calcium oxide and activated
charcoal has been used in polyethylene-lined coffee pouches to scavenge carbon dioxide
but 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 (Day,
2003; Rooney, 1995). These dual-action sachets and labels typically contain iron powder
for scavenging oxygen and calcium hydroxide, which scavenges carbon dioxide when it is
converted to calcium carbonate under sufficiently high humidity conditions (Rooney, 1995).
Commercially available dual-action oxygen and carbon dioxide scavengers are available
from Japanese manufacturers, e.g. Mitsubishi Gas Chemical Co. Ltd (Ageless™ type E and
Fresh Lock™) and Toppan Printing Co. Ltd (Freshilizer™ type CV). An innovative dual
action carbon dioxide scavenger and oxygen emitter sachet has been developed by EMCO
Packaging Systems Ltd (Worth, Kent, UK) to counteract respiration in high oxygen MAP
of fresh-cut produce (Anon., 2003e; Hirst, 1998; Parker, 2002).

Carbon dioxide emitting sachet and label devices can either be used alone or combined
with an oxygen scavenger. An example of the former is the Verifrais™ package that has
been manufactured by SARL Codimer (Paris, France) and used for extending the shelf-
life of fresh meats and fish. This innovative package consists of a standard MAP tray that
has a perforated false bottom under which a porous sachet containing sodium bicarbon-
ate/ascorbate is positioned. When juice exudate from MA packed meat or fish drips onto the
sachet, carbon dioxide is emitted and this antimicrobial gas can replace the carbon dioxide
already absorbed by the fresh food, so avoiding pack collapse (Rooney, 1995).
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Pack collapse or the development of a partial vacuum can also be a problem for foods
packed with an oxygen scavenger. To overcome this problem, dual-action oxygen scav-
enger/carbon dioxide emitter sachets and labels have been developed that absorb oxygen
and generate an equal volume of carbon dioxide. These sachets and labels usually con-
tain ferrous carbonate and a metal halide catalyst although non-ferrous variants, such as
ascorbate and sodium hydrogen carbonate, are available. Commercial manufacturers in-
clude Mitsubishi Gas Chemical Co. Ltd (Ageless™ type G), and Multisorb Technologies,
Inc. (FreshPax® type M). The main food applications for these dual-action oxygen scav-
enger/carbon dioxide emitter sachets and labels have been with snack food products (e.g.
nuts) and sponge cakes (Rooney, 1995; Day, 2003).

Carbon dioxide scavengers and emitters represent a relatively small but growing area
of the active packaging market. Pira International Ltd estimated the total global market
to be worth $121 million in 2005 and forecast this market to increase to $182 million in
2010 (Anon., 2005¢). Dual-action combination lines account for the majority of sales. The
growth and development of this market is likely to revolve around the development of films
that incorporate carbon dioxide scavenger/emitter functionality, although research into this
is still in its early stages (Anon., 2003e).

1.4 Ethylene Scavengers

Ethylene is a plant hormone that accelerates the respiration rate and subsequent senescence
of horticultural products such as fruit, vegetables and flowers. Many of the effects of ethylene
are necessary (e.g. induction of flowering in pineapples and colour development in citrus
fruits, bananas and tomatoes) but in most horticultural situations it is desirable to remove
ethylene or to suppress its effects. Consequently, much research effort has been undertaken
to incorporate ethylene scavengers into fresh produce packaging and storage areas. Some
of this effort has met with commercial success, but much of it has not (Rooney, 1995; Day,
2003; Scully and Horsham, 2005). Nevertheless, Pira International Ltd estimated the global
value of the ethylene scavenging market in 2005 to be worth $62 million and has forecast
this market in 2010 to be worth $121 million (Anon., 2005¢).

Table 1.3 lists selected ethylene scavenger systems. Effective systems utilise potas-
sium permanganate immobilised on an inert mineral substrate such as alumina or silica
gel. Potassium permanganate oxidises ethylene to acetate and ethanol and in the process
changes colour from purple to brown, and hence indicates its remaining ethylene scaveng-
ing capacity. Potassium permanganate-based ethylene scavengers are available in sachets
to be placed inside blankets or tubes that can be placed in produce storage warehouses
(Rooney, 1995; Labuza and Breene, 1989; Day, 2003).

Activated carbon-based scavengers with various metal catalysts can also effectively re-
move ethylene. They have been used to scavenge ethylene from produce warehouses or are
incorporated into sachets for inclusion into produce pack, and embedded into paper bags or
corrugated board boxes for produce storage. A dual-action ethylene scavenger and moisture
absorber has been marketed in Japan by Sekisui Jushi Limited. Neupalon™ sachets con-
tain activated carbon, a metal catalyst and silica gel and are capable of scavenging ethylene
as well as acting as a moisture absorber (Rooney, 1995; Labuza and Breene, 1989; Day,
2003).
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Table 1.3 Selected ethylene scavenger systems

Manufacturer Country Trade name  Scavenger mechanism Packaging form
Air Repair Products, Inc. USA N/A Potassium permanganate  Sachets/blankets
Ethylene Control, Inc. USA N/A Potassium permanganate  Sachets/blankets
Extenda Life Systems USA N/A Potassium permanganate  Sachets/blankets
Kes Irrigations Systems ~ USA Bio-Kleen Titanium dioxide catalyst Not known
Sekisui Jushi Ltd Japan Neupalon Activated carbon Sachet
Honshu Paper Ltd Japan Hatofresh Activated carbon Paper/board
Mitsubishi Gas Chemical Japan Sendo-Mate  Activated carbon Sachets

Co. L
Cho Yang Heung San Korea Orega Activated clays/zeolites Plastic film

Co. L
Evert-Fresh Corporation  USA Evert-Fresh  Activated zeolites Plastic film
Odja Shoji Co. Ltd Japan BO Film Crysburite ceramic Plastic film
PEAKfresh Products Ltd  Australia PEAKfresh Activated clays/zeolites Plastic film
Grofit Plastics Israel Bio-fresh Activated clays/zeolites Plastic film
Food Science Australia  Australia N/A Tetrazine derivatives Plastic film

Reproduced and updated from Active Packaging of Foods, New Technologies Bulletin No. 17. Copyright (1998), with
permission from the Campden & Chorleywood Food Research Association, Chipping Camden, Glos., UK

In recent years, numerous produce packaging films and bags have appeared on the
market place that are based on the putative ability of certain finely ground minerals to
scavenge ethylene and to emit antimicrobial far-infrared radiation. However, little direct
evidence for these effects has been published in peer-reviewed scientific journals. Typically
these activated earth-type minerals include clays, pumice, zeolites, coral, ceramics and
even Japanese Oya stone. These minerals are embedded or blended into polyethylene film
bags which are then used to package fresh produce. Manufacturers of such bags claim
extended shelf-life for fresh produce partly due to the three-dimensional absorption or
two-dimensional surface adsorption of ethylene by the minerals dispersed within the bags.
The evidence offered in support of this claim is generally based on the extended shelf-
life of produce and reduction of headspace ethylene in mineral-filled bags in comparison
with common polyethylene bags. However, independent research has shown that the gas
permeability of mineral-filled polyethylene bags is much greater and consequently ethylene
will diffuse out of these bags much faster, as is also the case for commercially available
microperforated film bags. In addition, a more favourable equilibrium modified atmosphere
is likely to develop within these bags compared with common polyethylene bags, especially
if the produce has a high respiration rate. Therefore, these effects can improve produce shelf-
life and reduce headspace ethylene independently of any ethylene absorption or adsorption.
In fact, almost any powdered mineral can confer such effects without relying on expensive
Oya stone or other speciality minerals (Rooney, 1995; Labuza and Breene, 1989; Day, 2003).

1.5 Ethanol Emitters

Ostensibly, ethanol emitters are a sub-set of preservative releasing technologies although
ethanol emitters are usually in sachet forms as opposed to impregnated preservative releas-
ing films. The use of ethanol as an antimicrobial agent is well documented. It is particularly
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effective against mould but can also inhibit the growth of yeasts and bacteria. Several reports
have demonstrated that the mould-free shelf-life of bakery products can be significantly
extended after spraying with 95 % ethanol to give concentrations of 0.5-1.5 % (¥/,,) in the
products. However, a more practical and safer method of generating ethanol is through
the use of ethanol emitting sachets (Rooney, 1995; Labuza and Breene, 1989; Day, 2003;
Anon., 2003f).

Many applications of ethanol emitting sachets have been patented, primarily by Japanese
manufacturers. These include Ethicap™, Antimold 102™ and Negamold™ (Freund Indus-
trial Co. Ltd), Oitech™ (Nippon Kayaku Co. Ltd), ET Pack™ (Ueno Seiyaku Co. Ltd),
Oytech L (Ohe Chemicals Co. Ltd) and Ageless™ type SE (Mitsubishi Gas Chemical Co.
Ltd). All of these films and sachets contain absorbed or encapsulated ethanol in a carrier
material that allows the controlled release of ethanol vapour. For example, Ethicap™, which
is the most commercially popular ethanol emitter in Japan, consists of food grade alcohol
(55 %) and water (10 %) absorbed onto silicon dioxide powder (35 %) and contained in a
sachet made of a paper and ethyl vinyl acetate (EVA) copolymer laminate. To mask the
odour of alcohol, some sachets contain traces of vanilla or other flavours. The sachets are
labelled ‘Do not eat’ and include a diagram illustrating this warning. Other ethanol emitters
such as Negamould™ and Ageless™ type SE are dual-action sachets that scavenge oxygen
as well as emitting ethanol vapour (Rooney, 1995; Labuza and Breene, 1989; Day, 2003;
Anon., 2003f).

The size and capacity of the ethanol emitting sachet used depends on the weight of
food, the a,, of the food and the desired shelf-life required. When food is packed with an
ethanol emitting sachet, moisture is absorbed by the food and ethanol vapour is released
and diffuses into the package headspace. Ethanol emitters are used extensively in Japan to
extend the mould-free shelf-life of high-ratio cakes and other high moisture bakery products
by up to 2000 % (Rooney, 1995; Day, 2003). Research has also shown that such bakery
products packed with ethanol emitting sachets did not get as hard as the controls, and
results were better than those using an oxygen scavenger alone to inhibit mould growth.
Hence, ethanol vapour also appears to exert an anti-staling effect in addition to its anti-
mould properties. Ethanol emitting sachets are also widely used in Japan for extending the
shelf-life of semi-moist and dry fish products (Rooney, 1995; Day, 2003).

Ethanol emitting sachets are relatively expensive compared with other active packaging
technologies and hence their use tends to focus on premium food items. Nevertheless,
ethanol emitters represent a relatively small but growing area of the active packaging
market. Pira International Ltd estimated the total global market (almost exclusively in
Japan currently) to be worth $37 million in 2005 and forecast this market to increase
to $65 million in 2010 (Anon., 2005¢). Developments in this area are likely to involve
the incorporation of encapsulated ethanol emitters into closures and packaging films and
containers. However, these developments are set to be targeted at consumers in Asia-Pacific
markets, given the concerns about product taints and regulatory controls in Europe and the
USA (Anon., 2003f).

1.6 Preservative Releasers

In recent years, there has been great interest in the potential use of antimicrobial and
antioxidant packaging films that have preservative properties for extending the shelf-life
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of a wide range of food products. As with other categories of active packaging, many
patents exist and some antimicrobial and antioxidant films have been marketed but the
majority have so far failed to be commercialised because of doubts about their effectiveness,
adverse secondary effects, narrow spectrum of activity, economic factors and/or regulatory
constraints (Rooney, 1995; Day, 2003; Brody, 2005).

The commercial use of antimicrobial films is controversial due to concerns arising from
their ability to mask natural spoilage reactions and hence mislead consumers about the
condition of packaged food. In addition, the use of antimicrobial additives in packaging
films and contact surfaces may give food manufacturers and consumers a false sense of
security and undermine traditional cleaning and disinfection practices and possibly lead
to the development of resistant microbial strains (Anon., 2003b). Notwithstanding, Pira
International Ltd estimated the global value of the antibacterial packaging market in 2005
to be worth $99 million and has forecast this market in 2010 to be worth $169 million
(Anon., 2005e).

Some commercial antimicrobial films and materials have been introduced, primarily in
Japan which is by far the largest market (Anon., 2003a). For example, one widely reported
product is a synthetic silver zeolite that has been directly incorporated into food contact
packaging film. The purpose of the zeolite is apparently to allow slow release of antimi-
crobial silver ions into the surface of food products. Many other synthetic and naturally
occurring preservatives have been proposed and/or tested for antimicrobial activity in plas-
tic and edible films. These include organic acids (e.g. propionate, benzoate and sorbate),
aromatic chloro-organic compounds (e.g. triclosan, the active ingredient in food contact ap-
proved Microban™), bacteriocins (e.g. nisin), spice and herb extracts (e.g. from rosemary,
basil, cloves, horseradish, mustard, cinnamon, wintergreen oil and thyme), enzymes (e.g.
peroxidase, lysozyme and glucose oxidase), chelating agents (e.g. EDTA), volatile inor-
ganic acids (e.g. sulphur dioxide and chlorine dioxide) and antifungal agents (e.g. imazalil
and benomyl). The major potential food applications for antimicrobial films include meats,
fish, bread, cheese, fruit and vegetables (Rooney, 1995; Day, 2003; Anon., 2003a; 2004b;
2005d; Brody, 2005; Robertson, 2006).

Interest in the use of antioxidant packaging films has been stimulated by two influences.
The first of these is the consumer demand for reduced antioxidants and other additives in
foods. The second is the interest of plastics manufacturers in using natural and approved
food antioxidants (e.g. vitamin E) for polymer stabilisation instead of synthetic antioxidants
developed specifically for plastics (Rooney, 1995). The potential for evaporative migration
of antioxidants into foods from packaging films has been extensively researched and com-
mercialised in some instances. For example, the cereal industry in the USA has used this
approach for the release of butylated hydroxytoluene (BHT) and butylated hydroxyanisole
(BHA) antioxidants from waxed paper liners into breakfast cereal and snack food products
(Labuza and Breene, 1989). Recently there has been interest in the use of vitamin E as a vi-
able alternative to BHT/BHA -impregnated packaging films since there have been questions
raised regarding BHT and BHA'’s safety (Day, 2003). Hence, the use of packaging films
incorporating vitamin E can confer benefits to both film manufacturers and the food indus-
try. Research has shown vitamin E to be as effective as an antioxidant compared with BHT,
BHA or other synthetic polymer antioxidants for inhibiting packaging film degradation
during film extrusion or blow moulding. Vitamin E is also a safe and effective antioxidant
for low to medium a,, cereal and snack food products where development of rancid odours
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and flavours is often the shelf-life limiting spoilage mechanism (Rooney, 1995; Labuza and
Breene, 1989; Day, 2003).

1.7 Moisture Absorbers

A major cause of food spoilage is excess moisture. Soaking up moisture by using various
absorbers or desiccants is very effective at maintaining food quality and extending shelf-
life by inhibiting microbial growth and moisture related degradation of texture and flavour.
Several companies manufacture moisture absorbers in the form of sachets, pads, sheets
or blankets. For packaged dried food applications, desiccants such as silica gel, calcium
oxide and activated clays and minerals are typically contained within Tyvek™ (Dupont
Chemicals, Wilmington, Delaware, USA) tear-resistant permeable plastic sachets. For dual-
action purposes, these sachets may also contain activated carbon for odour adsorption or
iron powder for oxygen scavenging (Rooney, 1995). The use of moisture absorber sachets
is common place in Japan where popular foods feature a number of dried products that
need to be protected from moisture and humidity damage. The use of moisture absorber
sachets is also quite common in the USA where the major suppliers include Multisorb
Technologies, Inc. (Buffalo, New York), United Desiccants (Louisville, Kentucky) and
Baltimore Chemicals (Baltimore, Maryland). These sachets are not only utilised for dried
snack foods and cereals but also for a wide array of pharmaceutical, electrical and electronic
goods. In the UK, Marks & Spencer Plc has used silica gel-based moisture absorbers sachets
for maintaining the crispness of filled ciabatta bread rolls (Day, 2003).

In addition to moisture absorber sachets for humidity control in packaged dried foods,
several companies manufacture moisture drip absorbent pads, sheets and blankets for liquid
water control in high a,, foods such as meats, fish, poultry, fruit and vegetables. Basically
they consist of two layers of a microporous non-woven plastic film, such as polyethylene
or polypropylene, between which is placed a superabsorbent polymer that is capable of ab-
sorbing up to 500 times its own weight with water. Typical superabsorbent polymers include
polyacrylate salts, carboxymethyl cellulose (CMC) and starch copolymers, which have a
very strong affinity for water (Day, 2003; Anon., 2003g; Reynolds, 2007). Moisture drip
absorber pads are commonly placed under packaged fresh meats, fish and poultry to absorb
unsightly tissue drip exudate. Larger sheets and blankets are used for absorption of melted
ice from chilled seafood during air freight transportation or for controlling transpiration of
horticultural produce (Rooney, 1995). Commercial moisture absorber sheets, blankets and
trays include Toppan Sheet™ (Toppan Printing Co. Ltd, Japan), Thermarite™ (Thermarite
Pty Ltd, Australia), Luquasorb™ (BASF, Germany) and Fresh-R-Pax™ (Maxwell Chase,
Inc., Douglasville, GA, USA).

Another approach for the control of excess moisture in high ay, foods, is to intercept the
moisture in the vapour phase. This approach allows food packers or even householders to
decrease the water activity on the surface of foods by reducing in-pack relative humidity.
This can be done by placing one or more humectants between two layers of water permeable
plastic film. For example, the Japanese company Showa Denko Co. Ltd has developed
Pitchit™ film, which consists of a layer of humectant carbohydrate and propylene glycol
sandwiched between two layers of polyvinyl alcohol (PVA) plastic film. Pitchit™ film
is marketed for home use in a roll or single sheet form for wrapping fresh meats, fish
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and poultry. After wrapping in this film, the surface of the food is dehydrated by osmotic
pressure, resulting in microbial inhibition and shelf-life extension of 3—4 days under chilled
storage (Rooney, 1995; Labuza and Breene, 1989). Another example of this approach has
been applied in the distribution of horticultural produce. Microporous sachets of desiccant
inorganic salts such as sodium chloride have been used for the distribution of tomatoes in the
USA (Rooney, 1995). Yet another example is an innovative fibreboard box that functions
as a humidity buffer on its own without relying on a desiccant insert. It consists of an
integral water vapour barrier on the inner surface of the fibreboard, a paper-like material
bonded to the barrier, which acts as a wick, and an unwettable but highly permeable to water
vapour layer next to the fruit or vegetables. This multilayered box, patented by CSIRO Plant
Industries, Australia, is able to take up water in the vapour state when the temperature drops
and the relative humidity rises. Conversely, when the temperature rises, the multilayered
box can release water vapour back in response to a lowering of the relative humidity (Day,
1993; Scully and Horsham, 2005).

Moisture absorbers are the best selling active packaging technology for all applications
but oxygen scavengers are commercially more valuable for strictly food applications. Pira
International Ltd estimated the global value of the moisture absorber market in 2005 to be
worth $722 million ( $454 million for desiccants and $268 for moisture drip pads) and has
forecast this market in 2010 to be worth $1,286 million ( $823 million for desiccants and
$463 for moisture drip pads) (Anon., 2005¢).

1.8 Flavour/Odour Absorbers and Releasers

The commercial use of flavour/odour absorbers and releasers is controversial due to con-
cerns arising from their ability to mask natural spoilage reactions and hence mislead con-
sumers about the condition of packaged food. For this reason, flavour/odour absorbers
and releasers have been effectively banned in Europe and the USA (Anon., 2005¢; 2006b;
2003c; Brody, 2005). Nevertheless, flavour/odour absorbers and flavour-releasing films are
commercially used in Japan and have a number of legitimate applications that cannot be
easily dismissed (2003c). For example, in the USA, ScentSational® Technologies has de-
veloped aroma-releasing packs that have been trialled by the US army to make ready-to-eat
meals more appetising (Anon., 2003h). Pira International Ltd estimated the global value
of the flavour/odour absorber market in 2005 to be worth $46 million and has forecast this
market in 2010 to be worth $68 million (Anon., 2005¢).

The interaction of packaging with food flavours and aromas has long been recognised,
especially through the undesirable flavour scalping of desirable food components. For
example, the scalping of a considerable proportion of desirable limonene has been demon-
strated after only two weeks storage in aseptic packs of orange juice (Rooney, 1995).
Commercially, very few active packaging techniques have been used selectively to remove
undesirable flavours and taints, but many potential opportunities exist. An example of such
an opportunity is the debittering of pasteurised orange juices. Some varieties of orange,
such as Navel, are particularly prone to bitter flavours caused by limonin that is liberated
into the juice after orange pressing and subsequent pasteurisation. Processes have been de-
veloped for debittering such juices by passing them through columns of cellulose triacetate
or nylon beads. A possible active packaging solution would be to include limonin absorbers
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(e.g. cellulose triacetate or acetylated paper) into orange juice packaging material (Rooney,
1995).

Two types of taints amenable to removal by active packaging are amines, which are
formed from the breakdown of fish muscle proteins, and aldehydes, which are formed from
the autoxidation of fats and oils. Unpleasant smelling volatile amines, such as trimethy-
lamine, associated with fish protein breakdown, are alkaline and can be neutralised by
various acidic compounds. In Japan, Anico Co. Ltd has marketed Anico™ bags that are
made from film containing a ferrous salt and an organic acid such as citrate or ascorbate.
These bags are claimed to oxidise amines as they are absorbed by the polymer film (Rooney,
1995).

Removal of aldehydes such as hexanal and heptanal from package headspaces is claimed
by Dupont’s Odour and Taste Control (OTC) technology that is based upon a molecular
sieve with pore sizes of around 5 nanometres. Dupont claims that their OTC technology
removes or neutralises aldehydes although evidence for this is lacking. The claimed food
applications for this technology are snack foods, cereals, dairy products, fish, poultry and
fish (Day, 2003). A similar claim of aldehyde removal has been reported by Swedish
company EKA Noble, in collaboration with the Dutch company Akzo, who developed a
range of synthetic aluminosilicate zeolites which they claim, absorb odorous gases within
their highly porous structure. Their BMH™ powder can be incorporated into packaging
materials, especially those that are paper-based, and apparently odorous aldehydes are
absorbed in the pore interstices of the powder (Day, 2003).

1.9 Temperature Control Packaging

According to market research by Pira International Ltd, global sales for temperature control
packaging was estimated to be a meagre €15.1 million in 2001 but has been predicted to
reach €42.4 million in 2007 (Anon., 2002). Self-heating and self-cooling technologies
and their associated markers are described in detail by Butler (2005). As with most active
packaging markets, Japan’s market for temperature control packaging is the largest in the
world.

Temperature control active packaging includes the use of innovative insulating materials,
self-heating and self-cooling cans. For example, to guard against undue temperature abuse
during storage and distribution of chilled foods, special insulating materials have been
developed. One such material is Thinsulate™ (3M Company, USA) which is a special
non-woven plastic with many air pore spaces. Another approach for maintaining chilled
temperatures is to increase the thermal mass of the food package so that it is capable of
withstanding temperature rises. The Adenko Company of Japan has developed and marketed
a Cool Bowl™ which consists of a double walled PET container in which an insulating gel
is deposited in between the walls (Labuza and Breene, 1989).

Self-heating cans and containers have been commercially available for decades and are
particularly popular in Japan (Day, 2003; Anon., 2002; 2003d; 2005b; 2006¢). Self-heating
aluminium and steel cans and containers for sake, coffee, tea and ready meals are heated by
an exothermic reaction when quicklime and water positioned in the base are mixed. During
2001 in the UK, Nestlé introduced a range of Nescafé coffees in self-heating insulated
cans that used the quicklime and water exothermic reaction. These self-heating cans were
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manufactured by Thermotic Developments (UK) but were withdrawn from the market in
2002 because the coffee didn’t get hot enough during the winter months. However, Ther-
motic Developments has revamped its self-heating concept and design and are in further
negotiations with interested food manufacturers (Anon., 2005b). Other self-heating tech-
nologies, manufacturers and users on the market include HotCan™ (UK), Vitcho (France),
Sonoco (USA), Steam to Go™ (UK), KPS Technologies (Korea), Caldo Caldo (Italy),
Pressto™ (USA) and Tempra Technologies (USA). The self-heating mechanisms used
are most commonly quicklime/water but also include calcium chloride/water, potassium
permanganate/glycerol and super corroding alloys/salt water (Anon., 2006c).

Self-cooling cans have also been marketed in Japan for raw sake. The endothermic dis-
solution of ammonium nitrate and chloride in water is used to cool the product. Another
self-cooling can that was introduced briefly into the market was the Chill Can™ (The
Joseph Company, USA), which relied on a hydrofluorocarbon (HRC) gas refrigerant. The
release of HRC gas was triggered by a button set into the can’s base and could cool a
drink by 10 °C in 2 minutes. However, concerns about the environmental impact of HRCs
curtailed the commercial success of the Chill Can™ (Day, 2003; Anon., 2003d). Another
self-cooling can concept that doesn’t have the environmental concerns associated with the
Chill Can™, has been developed by Tempra Technology in partnership with Crown Cork &
Seal (USA). The IC™ (Instant Cool) can relies on the ammonium nitrate/salt water en-
dothermic reaction and can reduce the temperature of ambient drinks by 15 °C within
3 minutes (Anon., 2002).

1.10 Temperature Compensating Films

Commercially available temperature compensating films are manufactured by Landec Cor-
poration (Menlo Park, California, USA). Their patented Intellipac® technology is based
on unusual side-chain crystallisable Intellimer® polymers that respond to temperature in a
controllable and predictable way. Intellimer® polymers can abruptly change their perme-
ability, adhesion or viscosity when heated or cooled by just a few degrees. These changes
are triggered by a built-in temperature switch, which can be set within temperature ranges
compatible with most biological applications, particularly the respiration rate of fresh-cut
horticultural produce. Moreover, since the process of change involves a physical, and not
a chemical change, it can be repeatedly reversed (Robertson, 2006; Scully and Horsham,
2005; Brody, 2005; Anon., 2005a).

Intellimer® polymers help maintain optimal atmospheres within sealed packs of fresh-
cut and whole produce during the fluctuations of temperature that can occur during chilled
storage and distribution. At elevated temperatures, when respiring produce needs more
oxygen, the polymer becomes more permeable, but at lower temperatures, the polymer
permeability automatically decreases. Despite their relatively high cost, commercialisation
has taken place with Chiquita Brands using Landec’s Intellipac® technology for the pack-
aging of single-serve bananas to convenience stores in the USA. Other commercial fresh
produce applications include fresh-cut mixed vegetables, broccoli, cauliflower, asparagus
and strawberries (Robertson, 2006; Anon., 2005¢).
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1.11 Conclusions

Active packaging is an emerging and exciting area of food technology that can confer many
preservation benefits on a wide range of food products. Active packaging is a technology
developing a new trust because of recent advances in packaging, material science, biotech-
nology and new consumer demands (Ahvenainen and Hurme, 1997). The objectives of
this technology are to maintain sensory quality and extend the shelf-life of foods whilst
at the same time maintaining nutritional quality and ensuring microbial safety. However,
ultimately, active packaging must benefit and be accepted by consumers before it is more
widely adopted (Lihteenméki and Arvola, 2003). Also, active packaging must not be driven
by technological possibilities but rather by meeting real market needs (Anon., 2006a).

Oxygen scavengers and moisture absorbers are by far the most commercially important
sub-categories of active packaging and the market has been growing steadily for the last
ten years and is predicted to grow even further by 2010 (Anon., 2005¢). The introduction
of oxygen scavenging films and bottle caps will also help stimulate the market in future
years and the unit costs of oxygen scavenging technology will drop. All other active pack-
aging technologies are also predicted to be used more in the future, particularly ethylene
scavengers, carbon dioxide scavengers and emitters, moisture absorbers and temperature
control packaging. Food safety and regulatory issues in the European Union and USA are
likely to restrict the use of certain preservative releasers and flavour/odour absorber active
packaging technologies (Vermeiren et al., 1999; Brody, 2005). Nevertheless, the use of
active packaging is becoming increasingly popular and many new opportunities in the food
and non-food industries will open up for utilising this technology in the future.
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Active Polymer Packaging of
Non-Meat Food Products

Amparo Lépez-Rubio, Jose Maria Lagaron and Maria Jose Ocio

2.1 Introduction

Food products are, in general, highly perishable goods, having a shorter shelf-life than many
other consumables. The outer environment being a strong determinant in the spoilage of
food, the use of a barrier protection (package) to slow down the deterioration process is
essential. In recent decades food packaging has experienced an extraordinary expansion,
as most food products, including fresh fruits and vegetables, reach the consumer within
some sort of packaging technology. Changes in lifestyle, consumer demands and commer-
cialization trends have made packages a major partner in the preservation of fast moving
consumer goods.

Traditionally, food packages have been defined as passive barriers to delay the adverse
effect of the environment over the contained product. However, the trends in consumer pref-
erences towards mildly preserved, fresh, and healthy foodstuffs have triggered innovation
in food packaging and a considerable amount of research work has been conducted towards
the design of packaging materials that, in contrast to the traditional passive barrier concept,
interact with the environment and with the food, playing an active role in improving and
monitoring food quality and safety [1,2].

Many of these early commercial packaging innovations relied on the inclusion of a small
pouch (sachet) containing the active ingredient inserted inside the permeable package.
The focus of this chapter however is on smart packaging where the active substances are
incorporated within the packaging material wall, rendering a number of advantages such as a
reduction in package size, higher effectiveness of the active principles (which is completely
surrounding the product), and in many cases higher output in packaging production (since
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the incorporation of the sachet means an additional step is eliminated). Plastics are very
convenient carriers for this sort of technology, not only as vehicles of the active substance,
but also as active participating elements. The large variety of polymeric materials available
and the ease of modifying, blending and conforming them into any kind of shape or form,
allow for the design of the most convenient smart packaging to suit the specific needs of
each food product.

Some precautions and considerations have to be taken into account when applying these
active plastics:

e The active agent may change the plastic properties.

¢ Desorption kinetics are variable and dependent on plastic permeability.

¢ The active capacity may get shortened by an early reaction if there is no effective triggering
mechanism.

» There is a potential undesired migration of active substances or low molecular weight
reaction products into the food.

It is important to note that each type of food has a specific spoilage mechanism that must
be studied and understood before designing and applying an active technology [3]. In
this chapter a general overview of the smart polymer technologies that can be applied to
improve the quality, safety and shelf-life of highly perishable food products is presented.
Smart polymer packaging technologies that can delay the specific deterioration processes
of different groups of food products will be discussed, together with trends in this area
and possible future developments (meat products are excluded since these are covered
exclusively in Chapter 3). Two smart packaging technologies are described in depth for
each food product group according to their specific spoilage mechanism, as summarized
in Table 2.1.

2.2 Bread and Bakery Products

Mould spoilage is common in the bakery industry and in many cases mould growth deter-
mines the product’s shelf-life. There are two main factors determining the growth of mould
in bakery products like bread: the presence of oxygen inside the package and the water
activity (ay) of the products, i.e. the availability of water in the food, which in the case of
bread is more than 0.9 while mould and yeast are able to grow at ay, as low as 0.62. In the
case of drier bakery products, such as breakfast cereals, fat rancidity caused by oxygen is
the problem to target. The two main active polymer strategies to delay spoilage of bakery
products are: (a) eliminate oxygen from the package headspace, or (b) use substances that
inhibit mould growth.

2.2.1 Elimination of Oxygen from Inside the Package: Oxygen Scavengers

Traditionally, oxygen-sensitive foods have been packaged using modified atmosphere pack-
aging (MAP) or vacuum packaging, but these technologies do not always control or remove
oxygen completely due to, for instance, the residual presence of the gas and/or permeation
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Table 2.1 Summary of the smart packaging systems described for each group of food
products according to their specific spoilage mechanism

Factors causing Smart
spoilage and/or packaging ‘Smart substances’?
Food consumer systems incorporated into the Other smart
Product rejection highlighted package wall systems useful
Bread and Mould growth O, scavenging Iron, unsaturated fatty =~ Antimicrobial
bakery films acids, natural films, aldehyde
products antioxidants scavengers
Fat rancidity Ethanol Ethanol entrapped into
emitters cyclodextrins
Fruits and Accelerated Ethylene Zeolites, clay, Japanese  Humidity
vegetables ripening scavengers oya absorbers,
antimicrobial
films
Mould growth CO, controllers Sodium bicarbonate/
Zeolites
Dairy Lactose/ Enzymatically ~ Enzymes lactase and Antimicrobial
products  cholesterol active films cholesterol reductase films
content
Microorganism O, scavenging Substituted
growth films anthraquinone
Fish and  Aldehyde Aldehyde Nylon, d-sorbitol and O, scavenging
seafood production scavengers alpha-cyclodextrin films, CO,
emitters,
antimicrobial
films
Water drip Humidity Superabsorbent
absorbers polymers,

propyleneglycol

2 Substances that can be used in smart packages and responsible of the desired process aimed at increasing the quality
and shelf-life of the food products

through the polymeric packaging materials. The use of oxygen scavengers, which absorb
residual O, after packaging, may minimize the quality changes undergone by foods. Oxygen
scavengers are reducing agents, i.e. substances able to react with oxygen and thus reduce
its concentration within the package. These substances can be blended or dispersed in the
polymeric materials rendering a smart polymer technology, namely oxygen scavenging
films, which ideally should comply with the following characteristics:

* They should be protected from the external oxygen by an external O,-barrier polymer.
Therefore, the use of multilayer structures is preferred.

* Thereducing agent (oxygen scavenging substance) should not compromise the processing
characteristics or physical properties of the polymeric matrix.
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* Release of by-products from the reaction that could affect the sensory or nutritional
quality of the food product should be avoided.

¢ O,-scavenging films should be stable in air prior to use. This can be achieved using some
activation or triggering mechanism.

The most common oxygen absorbers are based on iron oxidation. Although sachets are
effective and widely used, several sachet-related disadvantages, such as accidental ingestion
or leak from the sachet contaminating the product, have encouraged the development of
integrated technologies. Iron powder has been incorporated into polymers such as low
density polyethylene, which have been claimed to absorb oxygen effectively at significant
rates [4]. However, to activate the reaction in iron-containing films, some humidity is
required, which may come from the food product itself or from food preservation processes
such as retorting. In Figure 2.1, the kinetics of oxygen scavenging from a polyethylene film
containing 40 % of a commercial iron-based oxygen scavenging substance is shown as a
function of the relative humidity. From the results it could be stated that this technology
is only useful for liquid foods and the scavenging rates for walls containing these compounds
appear to be unsuitable for many commercial oxygen-scavenging applications, such as those
in which sachets are employed [5]. Moreover, incorporation of these substances causes
degradation of wall transparency and mechanical properties and these compounds, as well
as their oxidation products, can migrate from the container, which can result in the food
product failing to meet government standards for human consumption [6]. The application
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Figure 2.1 Oxygen scavenging kinetics of extruded PE blended with 40 % of a commercial
iron-based oxygen scavenging material as a function of relative humidity (RH).
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of novel nanotechnologies such as nanocomposites can be advantageous in this respect
because the nanoparticles can, on the one hand, fixate and/or stabilize the scavenger and,
on the other hand, adsorb or delay the diffusion of migrants or off-flavours into the foods.
Unsaturated fatty acids can also be used as reducing agents incorporated into polymers.
This technology requires a catalyst, a photoinitiator to trigger the reaction by ultraviolet
light irradiation, and a functional barrier between the food product and the scavenger
layer, to impede migration of undesirable oxidation products [7]. Commercial examples
of this smart polymer technology are the Oxygen Scavenging Polymer (Chevron Philips
Chemical Company, USA) and Cryovac® OS films (Sealed Air Corporation, USA). Other
substances that have been incorporated into polymers to reduce the oxygen concentration
inside the package are enzymes [1] and entrapped aerobic microorganisms [8]. However,
their sensitivity to physical-chemical factors prevents further developments.

In the case of dry food products such as breakfast cereals, a plausible option is the
addition of antioxidants into flexible and thermoformable plastic packaging materials [9].
Synthetic antioxidants such as butylated hydroxytoluene (BHT) can be used to prolong the
shelf-life of breakfast cereals [10], but due to some health-related concerns derived from
the consumption of these substances [11] natural antioxidants are being explored.

There is a number of naturally occurring compounds that have antioxidant properties,
including tocopherols, lecithin, organic acids and rosemary extracts. Among them, there is
a growing interest in the use of vitamin E (also known as a-tocopherol) and vitamin C being
incorporated into polymers. Vitamin E has been marketed as a food-grade odour remover in
packaging materials. Added to high density polyethylene (HDPE)-ethylene/vinyl acetate
(EVA)-HDPE, vitamin E reduces the ‘plastic’ taste, thus preserving the fresh taste of
breakfast cereals [12]. Incorporation of vitamins E or C into the plastic material would
present another advantage when compared to the addition of synthetic antioxidants because
the possible migration of these compounds into the food not only does not produce adverse
effects, but also improves the nutritional characteristics of the food product. Therefore, this
kind of oxygen absorber could be envisaged as the most promising for bread and bakery
products.

2.2.2 Inhibition of Mould Growth: Ethanol Emitters

Ethanol is an efficient fungistatic compound that has been widely used to increase the
shelf-life of bakery products. The advantage of using a smart technology versus direct
incorporation of ethanol is that an even release of the substance during storage time would
better prevent the growth of moulds on the surface of the product, while if the ethanol
is directly sprayed onto the bakery product, apart from causing a strong flavour, it will
migrate from the surface (target for mould growth) into the product [13,14]. However,
introducing these highly volatile compounds into the package wall is not simple because
the film manufacturing process (solution casting or extrusion) results in the volatiliza-
tion of the compound and a non-breathable atmosphere in the production plant. A possi-
ble solution to this problem consists of using compounds that trap the active molecules
and decrease their volatility. Cyclodextrin complexes have been used for these pur-
poses, preserving flavours during extrusion processes [15,16]. Some antimicrobial agents,
flavour essences, horseradish essences, and ethanol have been successfully encapsulated in
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cyclodextrins [17]. Micro- and nanoencapsulation techniques are being constantly improved
in the biomedical and pharmacological areas. Some of the developments designed for the
controlled release of drugs could be similarly employed in the design of smart packages. For
instance, it has been observed that addition of small amounts of sodium lauryl sulfate can
increase the encapsulation efficiency of ethanol, and allow the reduction in the amount of
dextrin required to encapsulate ethanol in the preparation of microcapsules [18]. However,
it is not a cheap technology and, therefore, it would only be feasible from an economic point
of view for certain ingredients in added-value food products. Another technology that has
been recently developed includes the entrapment of ethanol or other alcohols within high
barrier EVOH copolymers during lamination processes. The controlled release of these
systems can be tailored by the material selection or can even be triggered by absorption of
different moisture levels [19].

2.2.3 Other Smart Technologies for Bakery Products

Apart from ethanol, other antimicrobial substances have been incorporated into polymeric
films to retard the growth of moulds in bakery products. The use of antimicrobial food
packaging films can offer advantages compared to the direct addition of preservatives to
the food product, as the active agents are applied to the packaging material in a way such
that only low levels of preservative come into contact with the food [20]. An example of this
technology is a cellulose acetate film containing 4 % of sodium propionate that effectively
reduced mould growth in bread [21]. Other volatile antimicrobial substances from spices
and herbs have proved efficient in the control of fungal spoilage by common bread spoiling
fungi [22]. Through entrapment of these substances in cyclodextrins, as explained above,
microbial control through packaging using natural substances could be obtained, but there
is a lot of research needed prior to commercialization of these technologies.

Oxidation of fats and oils from some high-fat content bakery products such as snacks,
crackers, biscuits and cereal products, can lead to the formation of malodorous aldehyde
substances such as hexanal and heptanal, which upon the opening of the package will cause
rejection of the product. Aldehyde scavengers incorporated into polymers are another kind
of smart packaging technology for this specific problem (see aldehyde scavengers for fish
products).

2.3 Fruits and Vegetables

Climatic fruits and vegetables are highly perishable goods as after being collected they
continue emitting ethylene, a growth-simulating hormone that accelerates ripening and
senescence by increasing their respiration rate, thereby decreasing shelf-life. Ethylene also
accelerates the rate of chlorophyll degradation in leafy vegetables and fruits [23]. During
ripening, natural acids present in these fresh foods, are metabolically transformed into
basic compounds like sugars, increasing the pH and thus favouring the growth of spoilage
microorganisms. In order to extend the shelf-life of this fresh produce, the ripening rate has
to be slowed down, which can be achieved by reducing the concentration of ethylene as it
is being produced, and the gas concentration inside the package needs to be controlled.
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Figure 2.2 Diagram showing how the ethylene molecules generated by fresh produce can
be trapped by the zeolites dispersed in the package wall. Figure courtesy of Alberto Bertolin
Terradez.

2.3.1 Slowing Down the Ripening Rate: Ethylene Scavengers

Potassium permanganate (KMnQO,) has been traditionally used as an ethylene scavenger
contained in sachets and placed inside the package. Nevertheless, products based on potas-
sium permanganate cannot be integrated into food-contact materials because KMnOy is
toxic and has a purple colour [24]. Several minerals, such as zeolites, clays or nanoclays
and Japanese oya, are alternative ethylene scavengers that can be added to the films as finely
dispersed powder [25]. Although most of the tested films are opaque and do not absorb as
much ethylene as KMnOj, [26], these films are growing in popularity and several develop-
ments have already been commercialized. In Figure 2.2 a diagram of an ethylene scavenging
package for fruit is depicted. Some commercial examples of this smart packaging technol-
ogy are Evert-Fresh (Evert-Fresh Co., USA), Orega plastic film (Cho Yang Heung San
Co., Korea), and Peakfresh™ (Peakfresh Products, Australia) [23]. Evert-Fresh is a low-
density polyethylene film impregnated with an ethylene-gas-absorbing mineral called oya
(very similar to zeolite). Orega consists of a polyethylene film with dispersed zeolite, active
carbon and a metallic oxide. This ethylene-absorbing film is used in Korea for packaging
fruits and vegetables and it has been used to increase the shelf-life of strawberries, lettuce,
broccoli and other ethylene-sensitive products [27]. Nowadays, ethylene scavengers are not
widely used, probably because of their insufficient absorbing capacity, but the development
of the previously mentioned concepts could contribute, in the near future, to an increased
shelf-life of fresh produce, facilitating their commercialization in optimal conditions.

2.3.2 Control of Gas Concentration: CO, Controllers

As mentioned before, fresh produce after harvesting is still biologically active. The atmo-
sphere inside the package constantly changes as gases and moisture are produced during
metabolic processes. Fruits and vegetables continue to use up O, in the headspace of the
package and the CO, concentration increases. Each fresh food has its own optimal gas com-
position that needs to be studied for the correct design of the optimal package. Depending
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on the respiration rate of the product and on the permeability to CO, of the packaging ma-
terial, either release or absorption of CO, will be desirable. Hence, there is a potential field
of application for another kind of smart packaging technology—the CO, emitters/absorbers.
This technology goes beyond the simple modified atmosphere packaging systems that use
gas permeability of materials passively, involving the absorption/emission of the specific
gas by/from the packaging wall and eventually the control of the gas concentration [28]. To
date, most of the technologies for CO, control are based on sachet technologies, but some
companies are launching novel forms of these smart packages. In the case of CO, emitters,
sodium bicarbonate is the most common substance used. Recently, Cco,® Technologies
has commercialized CO, emitter pads for use with fresh products such as strawberries
[29]. With this technology, a controlled release of the gas is achieved while maintaining
the freshness and textural characteristics of the fruit. As with the emitters, CO, absorber
technologies are mostly in the form of sachets containing calcium hydroxide.

Scavenging films have been developed using the same technology as for ethylene ab-
sorbance, i.e. dispersing zeolites in the polymeric material. These substances adsorb gas
until equilibrium is achieved, so in the case that the CO, concentration in the headspace
decreases, then the gas will flow from the absorber into the internal atmosphere. Therefore,
they can be called CO, controllers [30].

2.3.3 Other Smart Technologies for Fresh Produce

In conjunction with ay,, the relative humidity (RH) of the storage environment is important
in determining the growth of microorganisms in foods [31]. The excess water develop-
ment inside a food package usually occurs due to the respiration of fresh produce. Humidity
absorbers, another kind of smart polymer technology that will be further described below,
could be used to avoid the presence of water inside the package of fresh produce.

Several antimicrobial films have also been developed specifically for fruit and vegetables.
In the case of fruits mainly, the antimicrobial compound can be incorporated into an edible
film or coating applied by dipping or spraying onto the fruit [32]. A commercial antifungal
coating produced from chitosan is sold as a shelf-life extender for fresh fruit [33].

2.4 Dairy Products

Milk and other dairy foods are important sources of several essential nutrients. However,
extensive population studies in the late 1960s and early 1970s showed that much of the
world’s adult population (approximately 70 %) have low levels of the intestinal enzyme
lactase [34], leading to gastrointestinal discomfort after the consumption of milk and other
dairy products. Apart from the drawback associated with lactose (the main carbohydrate
in milk), the cholesterol content of milk is also quite high. Smart packages making use
of enzymes can help in solving both problems. Regarding other dairy products such as
yoghurts and cheese, the presence of oxygen inside the package and the growth of spoilage
microorganisms are the factors to control.
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2.4.1 Reducing Lactose and Cholesterol Content:
Enzymatically Active Packages

Some immobilized enzymes that were initially applied in food production lines [35] are
currently being considered for food packaging applications [36]. The objective of these
systems is to catalyse a reaction that is considered beneficial from a nutritional point of
view (i.e., decreasing the concentration of a non-desired food constituent and/or producing
a food substance attractive for the consumer).

Lactase, for example, can be immobilized by covalent attachment to functionalized sur-
faces of, for instance, low density polyethylene (LDPE), retaining 10 % of the free enzyme
activity [37]. The lactase-active package is meant to reduce the lactose content of milk
during storage by splitting this complex sugar into glucose and galactose (see Figure 2.3).
Similarly, the enzyme cholesterol reductase could be immobilized into polymers to convert
cholesterol into coprostanol and coprosterol. These converted compounds are very poorly
absorbed by the digestive system and pass through intact [38]. The use of this type of pack-
age allows the production of a value-added product without modifying the manufacturing
procedure. UHT milk produced by a conventional process can be packaged in a lactase-
active or cholesterol-active package, and through storage, the product arrives at the market
as a low/free-lactose or low-cholesterol product respectively. This processing plant inside
the package appears to be a very promising technology.

Enzyme lactase

Lactose
Galactase

Glucose

Figure 2.3 Enzymatically active package of milk: lactase enzymes are attached in the inner
part of the package transforming lactose (OA) into glucose (O) and galactose (A). Figure
courtesy of Alberto Bertolin Terradez.
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2.4.2 Oxygen Scavenging Films for Yoghurt

Probiotic bacteria added to yoghurt to impart health benefits require a low oxygen envi-
ronment for maximum viability. Zer0,® developed by Food Science Australia (CSIRO,
Australia) is an oxygen scavenging additive that contains a reducible organic compound,
such as substituted anthraquinone, that is incorporated into a polymer for use as a layer
in a laminated packaging film. As the oxygen scavenging films described for meat (see
Chapter 3), this system is activated by UV light exposure before packaging. It has been
observed effectively to reduce the oxygen concentration when used in combination with a
high barrier polymer in yoghurt containers [39].

2.4.3 Other Smart Technologies for Dairy Products

Several antimicrobial films have been developed specifically for cheese using bacteriocins
such as lacticin or nisin [40]. Attachment of the former compounds to polymeric materials
has proved inhibitory both in moulds [41] and lactic acid bacteria [42] on cheese surfaces.

2.5 Fish and Seafood

Fish is an extremely perishable food. It is a very low acid food and therefore is very sus-
ceptible to the growth of food poisoning bacteria. The decomposition of fish can be due
to enzymatic spoilage, oxidative deterioration and/or bacterial spoilage. Fish is a source of
polyunsaturated fatty acids (also known as omega-3 fatty acids) claimed to have protective
effects against heart-related diseases. However, they are also highly unstable and upon con-
tacting oxygen, free fatty acids are formed that can be further decomposed into malodorous
compounds such as peroxides, ketones and aldehydes. Oxygen scavenging films described
before can be used to delay oxidative deterioration, but specific smart polymers can be
designed to selectively remove potential decomposition substances. Another problem dur-
ing the commercialization of fish fillets is the drip of tissue fluid, resulting in water inside
the package, causing the quality perception of the product to deteriorate and favouring the
growth of food-borne pathogenic microorganisms. There are some smart packaging tech-
nologies that could be used to remove malodorous compounds and water from packed fish
and fish products.

2.5.1 Removing Malodorous Compounds: Aldehyde or Aroma Scavengers

Most plastic packages adsorb compounds from the food or from the environment, which
is commonly known as scalping of substances. This scalping behaviour of polymeric food
packages is generally recognized as a negative attribute. However, if the materials are
properly designed, selective scalping can be obtained thus improving the flavour profile of
food systems [43]. DuPont Polymers (USA) has developed Bynel IXP101, a functionalized
ethylene-based copolymer that claims to remove aldehydes. This polyolefin is commercial-
ized as aresin masterbatch intended to be blended with other linear polyethylenes to form an
intermediate tie layer in coextrusions [44]. Nylon, d-sorbitol and alpha-cyclodextrin incor-
porated into PET have also demonstrated selective aldehyde scalping [45]. There are several
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patents using zeolites and activated carbon dispersed in polymeric materials to attract and
trap odour in their porous structure [46]. Nevertheless, a more specific scalping behaviour
can be achieved by incorporating acidic compounds into thermoplastic matrixes, as they are
susceptible to interaction with the strongly basic compounds (malodorous amines) resulting
from protein breakdown in fish muscle [47].

2.5.2 Humidity Absorbers

Desiccants are used in a wide variety of packed products to reduce water activity, inhibiting,
in that way, mould, yeast or bacterial growth. Sachets containing silica gel are the typical
systems used for this purpose, as addition of the desiccant into the package wall could alter
the optical and mechanical properties of the films. Nevertheless, there are some commercial
integrated smart packaging technologies with water absorption capacity for fresh fish and
shellfish consisting of adsorbent sheets (Thermarite®, Pty Ltd, Australia; Toppan Sheet™,
Toppan Printing Co., Japan; Peaksorb®, Peakfresh Products, Australia). These materials are
basically a superabsorbent polymer placed between two polyolefin layers (PE or PP). The
absorbent sheets are placed under fish or shellfish to absorb water [48]. Some absorbing
pads used to soak up the exudates in fish and meat trays, incorporate organic acids and
surfactants in order to prevent microbial growth, because the food exudates are rich in
nutrients [49].

Another way of intercepting humidity is by including the desiccant agent between two
layers of a plastic material highly permeable to water vapour. Pitchit™ (Showa Denko,
Japan) is a commercial desiccant consisting in a layer of propyleneglycol sandwiched
between two layers of polyvinyl alcohol (PVOH) [1]. The PVOH is highly permeable to
water, but it is impermeable to propyleneglycol. This system is commercialized for home
use as a material to wrap meat or fish, reducing the surface water activity of the product [50].

2.5.3 Other Smart Technologies for Fish Products

Oxygen scavenging films could be used to delay oxidative deterioration in fish. However,
caution must be taken in applying this technology as pathogenic anaerobic microorganisms,
such as Clostridium botulinum, could then be able to grow. Instead, as with meat, high
concentrations of CO; can be used to control the growth of spoilage microorganisms, CO,
emitters being another smart packaging technology useful for this kind of product [51].
Another way of controlling the growth of pathogens in fish products is through the use of
antimicrobial films.

2.6 Outlook and Future Developments

Implementation of some of the existing smart polymer packaging systems can make these
technologies a major partner in protection and shelf-life extension of foods. Given the
variety of smart concepts and the versatility of polymers, packaging structures can, in
principle, be designed to enhance quality and safety while prolonging the shelf-life of
potentially any food product in the market. The general trends seem to point towards
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the use of natural substances (which, in case of migration, do not pose any health risk),
incorporated into biodegradable biomass-derived matrixes. The latter ones, apart from being
environmentally friendly and better vehicles for the release of substances, will be a good
economical option when the shortage of oil will cause an increase in the prizes of its derived
products. Several raw materials originating from agricultural and marine sources can be used
to fabricate biodegradable films such as a number of polysaccharides (starch, cellulose and
derivatives, alginates, carrageenan, chitosan, etc.), proteins (corn zein, soy protein isolates,
wheat gluten, milk proteins, gelatine, etc.) and lipid-based matrixes (waxes or glycerides,
seedoils) [40]. Among the active polymer packaging technologies, the area of antimicrobial
packaging is probably the one receiving most of the attention and a number of natural
substances are being tested against the most common food-borne pathogens. However,
looking a step further in what the role of packaging can be in the commercialization of
food products, apart from the increasing number of natural substances that can be added
to the package walls to exert an active role in preservation, polymeric sustainable and/or
biodegradable biomaterials could also be vehicles of functional or bioactive substances, like
vitamins, pre- and probiotics, overcoming some of the existing drawbacks in the fabrication
of functional foods. This is a new concept in packaging [52], termed bioactive packaging
that seeks to transform foods into functional food upon packaging. The future will also see
the application of various nanotechnologies, such as the use of nanoclays and electrospun
or electrosprayed active or bioactive nanostructured materials [53]. These technologies will
offer invisibility within the package (i.e. transparency and required mechanical properties)
and will also become excellent carrying systems where the active principle can be better
dispersed and, therefore, be more effective. These novel nanotechnologies will also enhance
the plastic or bioplastic properties and will act as functional barriers against unintended
migration or as scavengers of potential toxic byproducts, thus increasing the quality and
safety of fast moving consumer goods.
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Smart Packaging of Meat
and Poultry Products

S.A. Hogan and J.P. Kerry

3.1 Introduction

The role of preservative packaging, as applied to meat products, is to maintain acceptable
appearance, odour and flavour, stabilise product composition and delay the onset of
microbial spoilage. A variety of packaging systems and technologies is currently available
for muscle foods, specifically fresh and cooked meats and meat products. Fresh red meats
may simply be placed on trays and over-wrapped with an oxygen permeable film or placed
within a static gaseous modified atmosphere packaging (MAP) environment containing
approximately 70-80 % oxygen and 20-30 % carbon dioxide. Fresh poultry products may
again be retailed in an overwrap or a MAP format comprising approximately 65-75 %
nitrogen and 25-35 % carbon dioxide. MAP is an extremely important packaging technol-
ogy used extensively for the distribution, storage and display of meat and poultry products
throughout the cold distribution chain (Sivertsvik et al., 2002). While described as static,
the atmosphere within an MAP pack is far from being static and gas content levels may alter
during storage due to reactions between components of the atmosphere and the product
and/or due to transmission of gases in or out of the pack through the packaging film (Stiles,
1991). Processed or cooked meats and poultry or cook-chill convenience-style, muscle-
based, foods are described as being oxygen sensitive and for this reason, these products are
usually stored under some form of vacuum or in MAP using 60-80 % N, : 20-40 % CO,.

The function of carbon dioxide in MAP is to inhibit growth of spoilage bacteria (Seideman
and Durland, 1984). Nitrogen is used in MAP as an inert filler gas in order to reduce the
proportions of the other gases or to maintain pack shape (Bell and Bourke, 1996). The

Smart Packaging Technologies for Fast Moving Consumer Goods Edited by Joseph Kerry and Paul Butler
© 2008 John Wiley & Sons, Ltd. ISBN: 978-0-470-02802-5



34 Smart Packaging Technologies for Fast Moving Consumer Goods

major function of oxygen is to maintain the muscle pigment myoglobin in its oxygenated
form, oxymyoglobin, in red meats.

Important properties by which consumers judge meat are appearance, texture and flavour
(Faustman and Cassens, 1990). Appearance, specifically colour, is a critical quality attribute
in influencing the consumer’s decision to purchase. In fresh red meats, myoglobin can exist
in one of three chemical forms. Deoxymyoglobin, which is purple, is rapidly oxygenated
to cherry red oxymyoglobin on exposure to air. Over time, oxymyoglobin is oxidised to
metmyoglobin which results in a brown discoloration associated with a lack of freshness
(Faustman and Cassens, 1990). Low oxygen concentrations favour oxidation of oxymyo-
globin to metmyoglobin (Ledward, 1970). In order to minimise metmyoglobin formation in
fresh red meats, oxygen must be excluded from the packaging environment to below 0.05 %
or be present at saturating levels (Faustman and Cassens, 1990). High oxygen levels within
MAP also promote oxidation of muscle lipids over time with deleterious effect on fresh
meat colour (Kerry et al., 2000). Lipid oxidation is a major quality deteriorative process
in meat, resulting in a variety of breakdown products that produce undesirable off-odours
and flavours.

In cured, cooked, packaged meat products, factors such as percentage residual oxygen,
product to headspace volume ratio, oxygen transmission rate of the packaging material,
storage temperature, light intensity and product composition are critical factors affecting
colour stability and ultimately consumer acceptance (Mgller et al., 2003). Nitrosylmyo-
globin, formed from a reaction between myoglobin and nitrite is denatured, upon cooking,
to nitrosylmyochrome which gives the characteristic pink colour to cooked, cured ham
(Juncher et al., 2003). Exposure to light in combination with oxygen is of critical impor-
tance to the colour stability of cooked cured ham as light exposure, even at low oxygen
levels, can cause oxidation of nitrosylmyochrome to denatured metmyoglobin, which im-
poses an undesirable greyness to the meat surface (Mgller et al., 2000). Commercially,
discoloration in pre-packed, cooked, cured ham is associated with low residual oxygen
levels and is overcome with the use of oxygen scavengers or an oxygen scavenging film.
Also, with respect to fresh red meats, oxygen scavengers used in conjunction with a carbon
dioxide/nitrogen gas mixture extends the colour shelf-life of fresh beef (Allen et al., 1996).
Oxygen scavengers are some of the best known examples of smart packaging devices used
with oxygen sensitive meat-based products.

3.2 Oxygen Scavengers

High levels of oxygen present in packs containing meat and poultry facilitate microbial
growth, off-flavour and off-odour development, colour changes and nutritional losses,
thereby causing significant reduction in the quality, safety and overall shelf life stability of
these muscle foods. This problem is further compounded in muscle-based food products
where clean labelling requirements and minimal processing procedures are being used to
satisfy retailer, and ultimately consumer, concerns and demands for fresher and less pro-
cessed muscle food products. Control of oxygen levels in oxygen-sensitive food packs is
critical in order to limit the rate of such deteriorative and spoilage reactions. Oxygen ab-
sorbing systems provide an alternative to vacuum and gas flushing technologies as a means
of improving product quality and shelf life (Ozdemir and Floros, 2004), while helping
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to circumvent problems created by ‘chemical or preservative free’ minimally processed
muscle foods. Vacuum packaging and MAP techniques do not always facilitate complete
removal of oxygen. Oxygen that permeates through the packaging film or is trapped within
the meat or between meat slices cannot be removed by these techniques. Quality changes
in oxygen-sensitive foods can be minimised through the use of oxygen scavengers, which
absorb residual oxygen following packaging (Vermeiren et al., 1999). Existing oxygen
scavenging technologies utilise one or more of the following concepts: iron powder ox-
idation, ascorbic acid oxidation, photosensitive dye oxidation, enzymatic oxidation (e.g.
glucose oxidase and alcohol oxidase), unsaturated fatty acids (e.g. oleic or linolenic acid),
rice extract or immobilised yeast on a solid substrate (Floros et al., 1997; Vermeiren et al.,
1999). Structurally, the oxygen scavenging component of a package can take the form of
a sachet, label, film (incorporation of scavenging agent into packaging film), card, closure
liner or concentrate (Suppakul ez al., 2003). The majority of commercially available oxygen
scavengers are based on the principle of iron oxidation (Smith et al., 1990):

Fe —> Fe?™ +2e~
15 0y 4+ Hy0 + 2~ —> 20H"
Fe’* +20H~ — Fe(OH),
Fe(OH), + /4 Oz + 12 H,O — Fe(OH);

Comprehensive details on a variety of commercially available oxygen scavengers are
presented by Suppakul et al. (2003). Ageless® (Mitsubishi Gas Chemical Co., Japan) is
the most common oxygen scavenging system based on iron oxidation (Figure 3.1). These
scavengers are designed to reduce oxygen levels to less than 0.1 %. Other examples of
oxygen absorbing sachets include ATCO® (used commercially as oxygen scavengers in
pre-packed, cooked and cooked, sliced meat products — Emco Packaging Systems, UK;

Figure 3.1 Ageless® Label Mitsubishi Gas Chemical Co. Reproduced with permission from
Ageless Sales, Mitsubishi Gas Chemical Co. Japan.
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Figure 3.2 Light-activated oxygen scavenging films Cryovac ® OS Films. Reproduced with
permission from Cryovac Food Packaging, Sealed Air Corporation, USA.

Standa Industrie, France), FreshPax® (Multisorb Technologies, Inc., USA) and Oxysorb®
(Pillsbury Co., USA).

The scientific literature contains a number of references to studies that examine the
influence of oxygen scavenger sachets on meat quality and these have been reviewed by
Kerry et al. (2006).

An alternative to sachets involves the incorporation of the oxygen scavenger into the
packaging structure itself. This minimizes negative consumer response and offers a potential
economic advantage through increased outputs. It also eliminates the risk of accidental
rupture of the sachets and inadvertent consumption of their contents (Suppakul et al.,
2003). Cryovac® 0S2000™ polymer based oxygen scavenging film has been developed
by Cryovac Div., Sealed Air Corporation, USA. This UV light-activated oxygen scavenging
film (Figure 3.2), composed of an oxygen scavenger layer extruded into a multilayer film,
can reduce headspace oxygen levels from 1 % to ppm levels in 4—10 days and is comparable
in effectiveness with oxygen scavenging sachets. The OS2000™ scavenging films have
applications in a variety of food products including dried or smoked meat products and
processed meats (Butler, 2002). A similar UV light-activated oxygen scavenging polymer
ZER02®, developed by CSIRO, Division of Food Science Australia in collaboration with
VisyPak Food Packaging, Visy Industries, Australia, forms a layer in a multilayer package
structure and can be used to reduce discoloration of sliced meats. Another successful
commercial example for use with meat is the OSP™ system (Chevron Philips Chemical
Company, USA). The active substances of OSP™ systems are ethylene methacrylate and
cyclohexene methacrylate, which need to be blended with a catalyst or photoinitiator in
order to activate the oxygen scavenging mechanism.
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3.3 Carbon Dioxide Scavengers and Emitters

As stated previously, the function of carbon dioxide within a packaging environment is to
suppress microbial growth. Therefore a carbon dioxide generating system can be viewed
as a technique complementary to oxygen scavenging (Suppakul et al., 2003). Since the
permeability of carbon dioxide is three-to five-times higher than that of oxygen in most
plastic films, it must be continuously generated to maintain desired concentration within
the package (Ozdemir and Floros, 2004). High carbon dioxide levels (10-80 %) are desir-
able for foods such as meat and poultry in order to inhibit surface microbial growth and
extend shelf life. Removal of oxygen from the package creates a partial vacuum which
may result in the collapse of flexible packaging. Also, when a package is flushed with a
mixture of gases including carbon dioxide, the carbon dioxide may dissolve in the product
and create a partial vacuum. In such cases, the simultaneous release of carbon dioxide from
oxygen-consuming sachets is desirable. Such systems are based on either ferrous carbonate
or a mixture of ascorbic acid and sodium bicarbonate (Rooney, 1995). Examples of com-
mercially available dual action combined carbon dioxide generators/oxygen scavengers are
Ageless® G (Mitsubishi Gas Chemical Co., Japan) and FreshPax® M (Multisorb Tech-
nologies, Inc, USA). Carbon dioxide emitting sachets or labels can also be used alone. The
Verifrais™ package, manufactured by SARL Codimer (Paris, France), has been used to
extend the shelf life of fresh meats. This innovative package consists of a standard MAP
tray but has a perforated false bottom under which, a porous sachet containing sodium
bicarbonate/ascorbate is positioned. When juice exudates from the packaged meat drips
onto the sachet, carbon dioxide is emitted, thus replacing any carbon dioxide absorbed by
the meat and preventing package collapse.

The inhibition of spoilage bacteria utilizing active packaging technology may reduce bac-
terial competition and thus permit growth of toxin producing, non-proteolytic C. botulinum
or other pathogenic bacteria (Sivertsvik, 2003). Lovenklev et al. (2004) reported that while
a high concentration of carbon dioxide decreased the growth rate of non-proteolytic C.
botulinum type B, the expression and production of toxin was greatly increased. As such,
the risk of botulism may be increased, rather than reduced, in high carbon dioxide MAP
systems. It would appear that further research into the safety risks associated with the use
of carbon dioxide in such packaging systems is necessary.

Carbon dioxide absorbers, (sachets) consisting of either calcium hydroxide and sodium
hydroxide, or potassium hydroxide, calcium oxide and silica gel, may be used to remove
carbon dioxide during storage in order to prevent bursting of packages. Possible applications
include use in packs of dehydrated poultry products and beef jerky (Ahvenainen, 2003).

3.4 Moisture Control

The main purpose of liquid water control is to lower the water activity of the product,
thereby suppressing microbial growth (Vermeiren et al., 1999). However, as the growth
sector in fresh chilled muscle-based foods has evolved, another very good reason to control
residual levels of predominantly product-released water in packs is to enhance the visual
impact of product at retail level during product—consumer interaction. Temperature cycling
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Figure 3.3 Dri-Loc® Absorbent pads, Cryovac®, Sealed Air Corporation. Reproduced with
permission from Cryovac Food Packaging, Sealed Air Corporation, USA.

of high water activity foods, like meat and poultry products, has led to the use of plastics
with an antifog additive that lowers the interfacial tension between the condensate and
the film. This promotes film transparency and enables the customer to see clearly the
packaged food (Rooney, 1995), although it does not affect the amount of liquid water
present inside the package. Several companies manufacture drip absorbent sheets or pads
such as Cryovac® Dri-Loc® (Sealed Air Corporation, USA), Thermarite® or Peaksorb®
(Australia), Toppan™ (Japan) and Fresh-R-Pax™ (Maxwell Chase Technologies, LLC,
USA) for liquid control in high water activity foods such as meat and poultry. Typically, these
systems consist of a super-absorbent polymer located between two layers of a microporous
or non-woven polymer (Figure 3.3). Such sheets are used as drip-absorbing pads placed
under whole chickens or chicken cuts (Suppakul et al., 2003).

3.5 Antimicrobial Packaging

Microbial contamination and subsequent growth reduces the shelf-life of foods and in-
creases the risk of food borne illness. Traditional methods of preserving foods from
the effects of microbial growth include thermal processing, drying, freezing, refrigera-
tion, irradiation, MAP and addition of antimicrobial agents or salts. However some of
these techniques cannot be applied to certain products such as fresh meats (Quintavalla
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and Vicini, 2002). Antimicrobial packaging is a promising form of active packaging
especially for meat and poultry products. Since microbial contamination of muscle-based
food products occurs primarily at the surface, attempts have been made to improve safety
and to delay spoilage by the use of antibacterial sprays or dips. Limitations of such an ap-
proach include neutralisation of antibacterial compounds on contact with the meat surface
or diffusion of compounds from the surface into the meat mass. Incorporation of bacterici-
dal agents into meat formulations may result in partial inactivation of the active compounds
by meat constituents and therefore exert a limited effect on surface microflora (Quintavalla
and Vicini, 2002). Antimicrobial food packaging materials must extend the lag phase and
reduce the growth phase of microorganisms in order to extend shelf life and to main-
tain product quality and safety (Han, 2000). Comprehensive reviews on antimicrobial food
packaging have been published by Appendini and Hotchkiss (2002), Suppakul ez al. (2003),
and Coma (2008). To confer antimicrobial activity, antimicrobial agents may be coated,
incorporated, immobilised, or surface mo