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221 Introduction

Major technological developments in food packaging can mtroduce many
henefits to consimers and food and food-packaging industries, but at the same
time they arc liable o the introduction of new problems. Although active and
intelligent packaging continues fo broaden in scope and these new packaging
systems are already being successfully applied in the USA. Japan and Australia,
its penetration in the European marketplace has been quite lirnited thus far. This
is partly due to the strict Buropean regulations for food contact materialg, which
fail to keep up with technological innovations and cumently prohibit the
application of many of these systems. [n addivon. a lack of knowledge of
consumer acceptance, of economic aspects and of the envirenmental impact of
these novel concepts and, in particular, the lack of hard gvidence of their
effectiveness demonstrated by independent investigators has inhibited thelr
commercial usage.

Within the Actipak project active and intelligent packaging systems were
defined as follows:’

¢ Active packaging actively changes the condition of the packaged food to
extend shell-life or improve food safety or sensory properties while
mainlaining the quality of the packaged food.

s Intelligent packaging systems monitor the condition of packaged foods to
sive information about the guality of the packaged food during transport and
storage.

In Europe, no specific regulation governing active and intelligent food
packaging exists to date, Most active and intelligent agents are not considered

Ahvenainen, R. [ed.]. Novel food packaging techniques. Cambridge : Woodhead
publishing limited, 2003, p. 459-496.
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as food additives but rather as food contact material constituents, and therefope
ihese food packaging systems shovdd comply with the existing regulations for
food coniact muatenials. When these regulations were drafted, no allowance v e
miade Tor schive and mielligent packaging as these sysizms were nol apphied asg
foad conact materials in Burope at thiat time. The current pack SNy reguliations
reguire that all components used for the manufaciure of food contact materiagy
are covered by so-called positive lists. These Hsts of approved compounds
usually include components required 10 manufacture the packaging material,
Constiuents used for other purposes such as extending or monitoring the sheif-
life of packaged foods are not included. Therefore, most setive and intelligen
agents are not listed. In addition, zctive and inelligenr systems should coply
with relevant overall and specitic migration limits. The overall migration luit
of 60 mg per kg food is a major hurdle 10 the application of active packaging in
Europe, especially when the system ix designed 1o release aclive ingredients into
foods o extend their shelf-fife or tmprove their quality. Moreover, current
migration tests are not always snitable for these new packuaging sysiems hecause
the conventional ratio of 6 din” to 1 kg food is generally muck smaller and. in
addition, they olten differ in contact mode from conventional packaging.
Therefore, a new approach o lood packaging regulations is required. and new
nugration test methods should be developed and validated for some of these new
[eod packaging systems.

Mo single Luropesn reguianion capently covers specificaily the use of acrive
and inwltl : crive and
el

it packaming systemns, The [ood-conmet apolication of

stems is coverad oy a ranse of BU resulations, sach

Lt packaging o
having i
food additives, biocides, modified-utmaosphere packaging, hygicne of foodstulfs,
labeiling and puckaging waste. Sowme of these regulations may be,
unintentionally, an obsracle (o the iroduction of acdve and intelligent systems

s specific requiremmnents, such as regulations for food-contacl marerials,

in Furope. Therefore. o fow vears ago, two itiatives were taken to implement
active and intelligent paciaging within the Buropean resnlanons

Tre 1999, o pan-European project was started wittin rhe framework of the FU
PAIR R&D programme. The study ains al inttiating amendments 1o Eoropean
tegislation for food contact materials w establish and implement active and
inteltigent systems within the current relevant regulations for packaged food in
Eurepe.™ © Tn 2000, a comprehensive report on legislative aspects of active and
intelligent food packaging was published by a project group under the MNordic
Council of Ministers. The report describes some types of acfive and inrelligent
food contact materials, the legisiation the project group found to be relevant to
consider, as well as some conclusions and proposals for administraters for future
work with recommendations and interpretations of existing legislation. Also, the
possibility of establishing new specilic legislation for active and intelligent
packaging ts considered.” Both initiatives will now be discussed in more detail
below.
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222 Initiatives o amend EU legislation: Furopean project

Tn 1099, a European study was started ro cnable the sufe application of active
and intcHigent packaging systems throughout Furope by initiating amendments
(o Furopean legislation for food contact materiais o opder 1o establish and
pmplement these systems In current relevast regulatons for puckaged food in
Furope. The study was entiled ‘Lvaluating safety, effoctiveness, cconomic:
environmental impact and consuvmer acceptance of active and ineiligent
packagings’ (“Actipak’). The Actipak project was co-ordinated hy TNO
Nulrition and Food Research and was joimly carried out by nine rescarch
preanizations and three industrial companies.” The rescarch project consisted of
five key tasks, The study was completed by the end of 2001, For each task the
main results and conclusions are summarized below,

Task [- inverniry

At the slart of the project an overview of all exssting commercial and promusing
But aot (ver) commercially available active and intelligent packaging svslems
was prepared. ‘The review contans information on technology, market trends,
consumer needs and current fegistation in Burope and relevant countries outside
Furope. Part of the review has been described in detall i a separate
[.mbi.i-cari(an.'1 The mam conclusion to be drawn from the review s that no
European regulation currently covers the use of acnve and inteiligent packaging.
' Hations Lor food contact matorials, the overall

The madiienal Loaropese v

migration limit and lists of approved componmds may be inconsistear with some
of the objectives of active and intelligent packaging. In addition, some 23
paclaging systems were selected  for cemposidonal analysis and  overall
migration study {Task 2).
Task 20 Classification of active and inielligens systems
in this task the composition and migration behaviour of selected active and
mrelligent packaging systems wese mvestigated w idently conflicrs wath current
legisiation. A tlal of 20 active systens and 6 mtetigent sysiems were
investizated. The composition was investigated in view of the EU posiuve List
and positive lists of national regulations. Determination of the composition
focused on active ingredienis and relevani reaction products. The cornpositional
analysis of some active packaging systems has been described in detail.™ " Some
typical results are shown in Fable 2ot

The composilional analysis revealed that many acnve and intelligent packaging
sysiems are very complex in composition, Apart from plastics, other matzrials such
as paper, metals, adhesives, printing and nuverals are being used Existing EU
legislatinn for food contact materials such as the EU Directive for polymenc foed
comtact materials {Directive 90/128/EEC and its amendments) applies to only a
minority of the materials tested, In addition, the overall migration behaviour of the
active and infeitizent packaging sysiems was investigated. Some relevant results of
the overall migration stady obtained for oxygen scavengers and moisture absorbers
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Table 22,0 Compastiion of some zctive and intelligent packaging systems:

Packaging sysiem Ingredicnts Wdenified
Oxvgen scavengers liom powder
Siticaws
Suifite
Chilonide

Polyrmeric scavenger
Flements: Fe, St Ca, AL Na, G, K, Me, 5, Mu. T, Co,
V., Cr, P

Antimjcrobial releasers Acids

Silicates

Frhanol

Zine

Hernents: 5i, Na, Al 5 CL Ca, Mg, Fe, Pd, Th

Methyiene bpluc and other colour indicators
Indicutors Acids

Antioxidants

Mineral oi

Suyars

Eilements: Na, Ca, K, 5§, Al Mgz

arc presented in Tuble 2220 A comiplete overview of all nugration vaiues obtained
in this study has been repored by De Meulenaer er al” Quite a fow migration
values obtained exceed the overall migranion linut. Sowe of the high lavels
onserved were supposed o be atiribulable to the use ol inappropriate Hguid
migration sunuiants. Solid mugration simuelants such as agar gols could be an
alornative.® The three tme-temperature indicators wera not inciuded in the overali
migraton study, As the current systems are generally applisd on the outside of the
puckizing und for relatvely shiort penods of mme, the packaging material can be
considered to be a tunctional barsier, and therefore migration testing of tme-
lemperature ndicaros Js not relevant.

Based on the results of the evaluation of the composition and the migration
behaviour, the active and intelligent systems were classified in view of
restrictions of current regulations mto five categories (A-F) according to the
scheme shown in Fig. 22.1. These categories are:

Category A Systems thal comply with the current lzgislation (1.e. composition
and migration),

Category B: A syslem belongs w category B if it containg components not listed
in the positive lists of the EC (90/128/FEC and amendmenis) but
which are food additives and/or nateral components and/or other
compenents of which toxicological data are availuble. The
igration behaviour of the category-B systems is in compliance
with the mugration Timits as set by the BEC



Table 22.2

Overall migration Jrom oxygen scavengers and ministur

ahsorbers'

Urverall migration (mgfsample) into:

Sample Type Test Water B0 14 15% 957 Iso- Olive
condition Acetic Ethanro! Ethanol [ithanol otlane oil
acid
Ouygen scavenger  Sached 10 days at 40°C &20° F700¢ - 200° 210 -
2 davs at 20°C 1.9¢
Oxygen scavenger  Cap 10 days at 409 74¢ ek it - 43° -
2 days at 200 0.9
Oxygen scavenger  Crown 30 min, at 70°C L P58 - - 27.8°
+ 10 days ac 409
Moistuie absoher 10 days ar 40°C <{. 1" Wiy - 0 &° 2.3°
2 days at 20°C <010 -
Maisture absorher  Pad 10 days at 40°C i - 720 21° -
2 days at 200C 18°
Moisture absorber”  Film 10 days at 4000 2601 3000 8.2
. 2 days at 20°C 0.t

=)

Standard devias 4
Standard deviation »5% and <10% (0 -
° Stndand deviz
I rshgration |

Nul meastsz

=14

)

)% (n =3 or 4
‘A instead of my/sample

ed
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Fig. 22.1 Classification of active and tmelligent [ood-packaging systems in view of
current legislation. For a description of categories A-E, see the ext (reproduced with
permission [rom Food Additives and Contaminants, july 2002, http/www. tandfco.uk).

Category ;. These systems conlain components that are included in Lhe
positive lists of the FC, but the migration exceads the migration
limit(s) set in the current Tegisiation.

Category I These systems contain commponents that are not included in the
positive lists of the EC bur are food additives or natural

components or other components for which toxicological duia ar
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4

available. In addition, the migraten from the systems exceads the
migration lmit(s) set by the BC

Category B These systems contain components that neither are [isted nor are
food additives or patural components or other components for
which no toxicological date are available.

Most of the systems investigated could he classilied mro categories A and B.
Some fall into categories C and 3. Only a carbon dioxide-releasing system could
not be classified.” Generally, it could be conciuded thal an extension of existing
rerulations with dedicated requirements seems to be necessary to permit the
breakthrotgh of these materials oo the EU market and to guarantee their safe
introduction and wuse in Europe.

The results of the classification have been used o select vepresentative
combinations of foods and active and intelligent packaging systems for further
validation studies.

An overview of the food-packaging combinations selected for evaluation of
microbiological safety, shelf-life-extending capacily and efficacy of the active

and intelligent systeins is presented in Table 22.3.

Task 3 Fveluation of microbiological sajety, shelf-ife-extending capaciiy and
efficacy of active and infelligent sysiems

In this mask an oversll evaluation of the capability (including effectiveness,
safety and shelf-fife cxlending capacity) of the active and intelligent packaging
systemns was conducted. To this end, the microbiological safety of the test food,
nacked and stored in active packaging systems, was determined by anabyzing
their micrebiological condition. In additien, the risk of false indication of
intalligent systems was examined. Furthermore, the effectiveness of active

Table 22.3  Food-packayging combinations selected for validation studics

Packaging svsiem Food
Ontvgen-scavenging film Frosh pasta
Muoisture-absorbing film Fish
Motsture-absorbing pad Fresh meat
Bthylene-absorhing film Bananas
Antimicrobial film Cheese
Antimicrobizl film Maat
Antimicrobiat film Fruit
Aldehyde-sbsorbing film Cereal
Oxygen-scavenging sachet Milk powder
Oxygen-scavenging sachet Biscuits
Moisture-ahsorbing sachet Mitk powder
Antimicrobial sachet Sandwich bread
Oxygen-scavenging crown Beer
Time-teinperature ndicators Fish

Oxygen indicators
Carbon dioxide indicator

Sliced meat
Sliced meat
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Table 224 FBffectiveness apd shelf-life exiending capacity of some fvodfactive
pickaging test combinations

Avtive packagmg Food life extension *
product
Cheygenvscavenging  Fresh pusta Yes Yes, longer microbjological sheif-life
fiirs not due to (0 absorpiion but o bamier
charavieristics of the active film
Moistre-absorbing  Peork Yes No, same microbiological and sensory
ad sheli-life ’
Auntimicrobial film Cheese/ Pogsibiy No, sarne microbiclogical shelf-life
) bread
Aldehyde-absorbing  Cereais Yes Yes, longer sensory and chamical sheli-
film Hie
O-absorbing sachet  Milk Yes Mo, but a good alternative (same
powder sensory and chemical shelf-life)
MAP can packaging
O--absorbing sachet  Cooked Yes Yes, longer sensory shelf-life/same
ham microbiclogical shelf-1ie
);-absorking crown  Beer Yes No, sarne sensorizl shelf-life
cork

* Compared with a foodfpuckaging combination withent an active packiging system.

packaging systems o improve the nicrobiological stability of food, as compared
o traditlional packaging systems, was tested. Also the extension of sensory and
chemical shelf-lifc was investigated for differcmt active packaging/food
combinalions.

In wotal, 12 stwdies were performed to investigate the effectiveness and
shelf-life-extending capacity of selected foed/active packaging combinations.
Sewne typical resnlis are presented in Table 22.4. Most of the active systens
investigated appaared Lo ba effective as claimed by their manufacturers. From
the shelftlife studhes it can be concluded that a number of active sysoms
indeed prolong sheif-life. The indication capacity ol three time-temperature
indicators, two oxygen indicators and a carbon dioxide indicator was
investigated. The indicators investigaied indicated relatively well the
conditions they were meant for (time-temperature history, package headspace
oxygen or carbon dioxide).

Task 4: Toxicological, economic and environmental evaluation of active and
intelligent systems

Intelligent devices and some active systems may confain substances that are not
food addifives and have not been evaluated by the EUJ Scientific Commitiee on
Food (SCF) for use in food contact malerials. Within the Actipak project i was
therefore agreed to study the consequences when a substance is not on the
positive list of the directives on food contact materials und to collect and
interprot availuble toxicological data. Examination of existing toxicity data of
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one substance with oxygen absorption capacity indicated the substance w be
potentially mutagenic. This demonstrates that substances used in active and
inteHigent packaging systems should be evaluated by SCF hefore allewing them
to come in contact with foodstuffs. In other words, they should be evaluated like
all other substances used in food contact materials,

To establish acceptance among European consamers of active and intelligent
systems that have been proved to be suitable and safe, these systems were
subjected to an international study on consumers’ attitudes towards application
of these systems. This study also provides insights into national differences and
general attitndes. Consumer focus groups consisting of 8-12 people of mixed
age and sex were formed in six Faropean couniries, namely the UK, ltaly,
Germany, the Nethertands, Finland and Spain. The resules demonstrated thar for
active and intelligent devices tw be readily accepted in Europe in the immediate
future, their introduction to the marketplace should be supponied by a substantial
information campaign clarifying their benefits and how they function. They will
not gain acceptance purely by virfue ol extension of shelf-life. Also, to aveid
confusion, some standardization, at least of indicators, would he preferable.
Attitudes are fairly consistent in Burope with the exception of Spain and
possibly ltaly. Consumers in Spain were much more ready (o accept both active
devices (absorbers, including sachets) and indicators, and rtesponded very
positively to them. Ialy also seemed slightly keener than the rest of Europe.

The ccomomic comsequences and environmmental yuplications of active and
imtelligent systems were evalvaied as part of the project. The shelf-life-
extending capacity of active packaging s expected 1o reduce luod waste due
spoitage. Consequently, cnergy and packaging materials may be saved. Muld-
layer barrier packaging materials might be replaced by less complicated
packagmg materials, thus reducing packaging wasle. In addition, from the smudy
the conclusion can be drawn hat the use of intelligent packaging such as time-
temperature indicators will decrease the waste generated in the long reom.

Task 3 Recommendations for lagislative amendments
Finally, all results of the project and the requirements of all relevant BU
regulations were evaluated, Based on Uis cvaluarion recommendations wers
drafted for the implementation of suitable active and intelligent systems in
relevant Buropean Directives. These recommendations were discussed
informally with several national and European authorities. In addition to foad
packaging regulations, other relevant European segulations were studied such as
regulations for food additives, biocides, pesticides, muodified-atmosphere
packaging, flavouring, fvod hygiene, labelling, product safety and packaging
waste. These regulations generally do not form a serious hurdle 1o the safe
introduction of active and intelligent food packaging systems in Burope, The
directive on food hiygiene even appeared to be un incentive to the use of active
and intefligent packaging.

The first propusal for changing the framework Directive 85/ 109/EEC has
resulred i a dralt amendment of the this directive in which active packaging is
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included in the scope as described i Article 1. 1t iy expected thar this
amendment wiil be approved by the end of 2003, This will remove the first
barrier to the inwroduction of active packaging systerns in Lurope. A more
detailed description of the results of this task will be piven i section 22,4,

22.3 Initiatives to amend EU legislation: Nordic report

The Nordic countries (Denmark, Finland, lceland, Norway and Sweden) have a
fong tradition of co-operaton n the food packaging wea, and these counries
have similur legislaton for food contact materials. A praject group ander the
Nordic Council of Ministers has discussed the legal aspoers of active and
wntetligent systems. The project group was chaired by Dr Fabech of the Danish
Veterinary and Food Administration. In 2000, the project group published a
report on legislative aspects of active and mtelligent food packaging.? This so-
calle¢d “Nordic Report” zimed ar contributing to a sclution ol legislative
problems related (o active and intelligent food contact materials. In the first
chapter of that report an overview is given of different types of active and
intelligent {ood packaginy. The effecliveness ol these svstems and the test
requirements are discussed. The moest important pat of the report is a
islation relevant o active and
imtelizenm packaging. In section 224, a desenption of these EU directives 15

compreliensive overview of  Luropean le

given and their relevance to active and intelligent packaging is discussed.

I the Nordic report recommendations are also given as o which parts of the
EU legislation shonid be reviewsd and which questions could be solved through
wmterpretation of existing legistaton. Preferably, hurmonized legislation should
be interpreted on @ BEuropean hasis to aveid divergence in interpretation, which
counld fead 1o barrers to trade. Proposals are given for soluiions Lo problems by
wterpretation. According o the Nordic group, it 1s not necessary o introduce
sew BEU Tegislation. Insread, amendments should be made to existing legisiation
and guwdelines on how to Interpret existing legislation should be given. Finally,
initiatives are proposed (o be taken by legislators, bath on a national and on an
EU level, when drafting new or revising existing legislagon on active and
intelligent packaging. '

22.4  Current EU legislation and recommendations for change

For this study of relevant FEuropean regulations, a schedule was made of the
scope of active and intelligent packaging svstems. Definitions of active and
intelligent systems are proposed. Based on that principle an overview of the
physical appearance of the systems is required as well as a division by
functionality of the various systems.
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22.4.1 Scope of active and intelligent systems
Actlve systems
Active packaging systems may differ in appearance. Active packaging systems
may be packaging marerials to wrap foodstuffs, but may also be added to the
packed food in the form of 2 sachet, label, box, etc. A correct deseription, which
will be used in regulatory amendments, would be “active food contact material
systems’. For practical reasons, the term ‘active packaging systems’ will be used
here.

Conventional packaging matesials sre considered passive, and their main
function is protection against the environment. Active packaging sysiems
intentionally absorb or release substances [rom or to the food ar its enviromment.
Ingredients required to achieve the effect may be incorporated in the packaging
material itself or packed in a sachet or label inserted into the package. The total
contact area of active packaging systems may be the same as for conventional
packaging material, such as a film. But, in case of sachets or labels, the ratio
may be significantly smaller than 6 dm*/kg food. This may influence migration
requirements and testing protocols. Beah absorption and release of substances
should not endanger human heatrh. For this purpose many regulations at the EU
and the national level are in foree, which should be raken into account to judge
the acceptability of an setive packaging system.

Trredli
Intelligent systems are only occasiomally packaging materials, They usvally arc

genl Systems

packed mogether, inside or outside the primary packaging, with the food in the
form of a Jabel, a pill, efc. As there is polential contact with food they shoutd be
called ‘intellizent food contact material systems’ hut, for practical reascns they
will be cailed ‘intelligent packaging systems’ here.

Intelligent packaging systems provide the user with information on the
comditions of the foad. Intelligent systems do not influence the food but provide
information ta consamers, relaiters, manufacturers, cto. Intelligent packaging
systems should not release their constitaents 1o the food. In many cases a so-
called functional barrier, which prevents migration. is present. However,
attention must be paid to the fact thar intelligent systems may contain all kinds
of chemicals required for detection of the intended information. Aftention
should also be paid to the acceptance of the use of these substances, particulacly
for packed foods presented directly to the consumer. Starting from the
requirement that safety of the food and subsequently safety of the consumer
shull never he endangered, the legal restrictions as weld as the possibilities for
the use of active and intelligent systems were sludied in depth. Solutions for
existing barriers arc proposed.

22.4.2 ldentification of relevant regulations
Active and intelligent packaging systems in contact with foods should comply
with regularions on food contact materials. In addition, the composition of the
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food can be influenced by the use of active packaping svstems. The following
regulations are considered and further discussed:

2 {ood conlact materials
e food additives

* {lavouring

« hygiene

¢ biocides

+ pesnicides

s labelling

« product safety

¢ weight and volame

* waste.

22.5 Food contact materials

The requirements for food contact materials (FCMj} are formulated in general
erms in Framework Directive $9/109/EEC;” some materials ure regulated in
detail 1 specific directives. Dircetive 89/109%/EEC 15 under revision and will be
published o 20035

-

2251 Framework Pirective SWI09/EEC

Directive 89/1GWEEC specifies the definition of FCM and general regniremerus.
Articie 2 requires  production of FOM according o good manufaciuring
practice, while application of FCM shall not endanger human health or change
the composition or sensory propertics inoan unacceptable way  Asticle 6
describes the requiremnents for labetling and a demonstration of compliancs with
specific duectives.

Relevance to active and intelligent packayging systems

Undoubtedly, active and intelligent packaging systesns are intended to come
into contact with food, although some may be separated by a ‘lunctional
barrier from the food. Therefore, active and intelligent packaging systems fall
within the scope of framework Directive 8%/10%/EEC. According to article 2,
they shall not endanger human health, nor change the food's sensory
characteristics. The latter requirement may be influenced by personal
preferences and could be an issue of discussion, In addition, in further
specific directives iike 2002/72/EC? an overall migration limit of 60 mg/kg
food is established as a purity requirement. Active systems developed 10
release certain components most likely will not camply with this requirement.
To provide clarity, the scope of Directive 89/109/EEC should be extended to
allow intentional migration from food contact materials at levels exceeding 60
mp/kg.
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Intemicnal migration of substances has an effect on the composition of the
food. 1t should he emphasized that the releused substances are subject o various
relevant repulutions pertaining to food ingredients, foed additives, labelling, etc.
Intelligent packaging sveiems shall comply with Artdcle 2, so no additzonal
provisions in the [ramework directive are considered necessary. Specific
measures mmay be requited o regulate the chemicals wsed in the intelligent
packaging systems, bur this is a subject of specific directives.

Recommendations for extending Directive 89/ T0%ELEC
Bused on the resulis of the Actipak praject, amendiment of Directive 89/109 has
been proposed, and the proposals have been adopted for implemeniation. A
revised Directive will inelude an extended scope that mentions the allowed use
of active and inleitigent foed contact materials. Special atention will be given to
releasing packaging systems. The food in contact with such systems shall
comply with any relevant food or food additive regulation. The releasing active
packaging systerns will be limited 1o materials that release substances added for
that purpose, This means that natural matevials, for example wooden barrels for
wine or whisky storage, are excloded from the definition of active Toed contact
materials. ,

Proper labelling will also be required. This includes the conditions (time and
stemn can be brought into conract with the food and

iemperaiire) in which the sy
the food that may be in contact with a releasing system. As focd addifive
regulations have to be cheved the food packer should be mformed about the
amaunt of substance released from one object. Annex [ of the Directive will be
extended with active and intelligent svstems. Appex 1 contains a list of
maleriats, covered by specific measures. This means that in the future a speciiic
directive will be drafted on active and intelligent packaging svstems.

22.52 Directive S0/59/EEC”

Svmbol for food contact maierials

o Directive 30/390/EEC the sywmbol to be used for food contact matertals 6ot
already in contact with foodswuffs is introduced. The symbol shall be used
according o the requiements of Directive 89/109/EEC. Alternatively, subjects
may be accompanied with the words “suitable for food contact”.

Relevance lo active and intelligent packaging systems

Both acrive and intelligent packaging systems will not be available to
consumers, as they usually requite special care before bringing them iato
contact with foodstuffs, The fina! user of the A&l systems has to be informed
that the subjcct is suitable for food comtuct, and thus the systems have to be
labelled accordingly. Options are fo print the symbol on the system or, at the
wholesaje stage, to add documentation with this symbol or proper wording. In
those cases where a system as such is availabie to consumers the system should
also be labelled in accordance with the reguirements of this directive.
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Recommendaiions
Directive SO/SO0/EEC shouid be followed. There i3 no need for amendment of
this direciive.

22.5.3 Plastics directives

Directive 2002/72/EC sets requirements for food contact materials manufactured
solely from plastics. The composition of plastcs permirted s food contact
materials is based on the principle of a pesitive list. Maximum allowed
migration limits of plastic components are based on the toxicological praperties
of substances. An overali migration Lt of 60 mg/kg foud or 10 mg/dm” is set
to prevent contamination of the food o an unacceptable level.

The directive is intended o harmonize certain classes of substances such as
monemers, starling materials and additives. Polymerization regulators are not
covered by the directive, but they shall not endanger human health according jo
framework Directive 8% 10WEEC. In some countries, including the Netherlunds
and Germany, these substances arc regultaled at a national level. Article 8 of
Directive 2002/72FC requires venfication of compliance with the requirernents
of the directive in accordance with the rules luid down in Directives 82/711/EEC
and §83/372/EREC. In addition. the materials and ardeles shall be accompaaied with
a declarasion of compliance at the markeling stage rather than the reratl stage.

Relevance 1o aciive and intelligenr packaging sysieens

Active packaging svsterns manvfactured solely from plastics ust comply with
the requirements of Directive 2002/72/EC, meaning that composilion &nd
migration behaviour must be In complisnce with the positive lst and the
migration restrictions. Active packaging systems, such as some types of oxygen
absorbers. based on active ingredients that are meorporated in the backbone of
the palymer shull comply with the divective. [tis argued that these materials may
be used to wrap the food ia the same way as conventional packaging materisls.
This rcans that all snbstances used should have been evaluated by the SCF and
be added to the positive list with or without a specific migration limst,

Plastic materials and articles containing a substance ntentionally released to
the food should be meated differently. The base polymer should comply with
Direclive 2000/72/EC, whereas the released substance should be an approved
food ingredient or food additive. Listing of the released substances on the
positive list for plastics scems unnecessary as these substances should be
altowed as food ingredients or food additives. However, allowance of the
presence of such substances should be provided for in the plastics directive.
Overall migration from releasing materiuls or articles may conflict with the
overall migration limit, A requirement of enforcement authorities may be the
possibility to check the overall migration of the polymer itself. In principle. this
could be determined by the classic determination of the overail migration and
subsequent subtraction of the specific mugradon of the released substance.
However, in many cases the amount of released substance may be much higher
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than the overall migration linit and the snalytical error may be even higher tha
e overall migralion Hrmit itself. As o mateer of fact, the plastic material can
oaly he verificd for compliance if the plastc is available without the refeasing
suhstunce. This would require either enforcement of the plastic material at an
early stage or demonsiration of complianee by o reliuble and acceprable
certification procedure.

Homogeneous inlelligent systems manufactured from plastics only (mono-
and multi-layers} and in which the intelligent ingredients are immobilized in the
polymer backbone or blended as an additive in the plastic should comply with
the reguirements of Directive 2002/7UEC provided they are intended o come
directly into contact with the food.

Twio types of composed materials and arbicles can be identified. First, there
are systems that are manufactured by packing the active or intelligent
ingredients in a plastic bag or box. Such a system is usually inserted into the
primary package with the foodstaff. The plastic part of the system should be 1o
compliance with Directive 2002/72/EC. However, the ingredients packed inside
cannot be considered as plastic. These systems should be considered un entity of
a food contact material and hence the whole systemn is excluded from the plastics
regulation. Special provisions will be required to include this type of food
contact malerials,

Sysrems of a second rype are composcd of various types of packaging
materials, such as plastic, paper, metal, printing, adhesives, varnish and acuive or
dual components of the tinal system are

)

intelligent ingredients, Usaabty the indivi
ials und articles arc not covered by

hard o recogpize. Such composile mate
Directive 2002/72/EC. To is most likely that pe BU regulation exists on the
individual parts of the system. Regulations for paper, metal, prinling inks and
varnizhes exist at rthe national level of some merber states, waiting for
harmonization at the FU Jevel This meuans that these systems are subject 1o
national regulations and 1o the framewerk Dircctive 8%/109/EEC. Both for
enforcement authorities and for manufaciurers dus is an uncomforable siraation
as it is difficult to cstablish the safery of these types of foed contact materials, It
seermns realistic fo assume that fully harmonized legislaton on all types of foad
contact materials will not be available in the short term.

Concerning active and intelligent ingredients, it was found that some are
already inciuded in a positive list, such as iron oxide used in vxygen absorbers,
but many others are not. However, all these substances nesd to be regulated 1o
avoid rhair use is forbidden without firm grounds und the possibility that unsafe
sitnations may occur. Therefore, it there is direct contact with the [ood, the
systemn should be submitted fo migration testing protocols and the relevant
substances should be toxicologically evaluated and subsequently added to a
positive list.

Frequently applied intelligent systems, such as time/temperature indicators,
are positioned on the outside of the primary food packaging. {n addition, these
systems are usually made of plastic and cennected te the packaging by an
adhesive layer. Use of timefiemperature mdicators almost antompatically lmplies
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that sturage times are relatively short and temperatures are low. Taking this ing
account the probability of migration through the primary packaging into the food
is negligible, These types of intelligent systers should not be considered as food
contact materials with respect o migration testing, Nevertheless, it may he
necessary to include Cintelligent substancss’ in a positive list for which
toxicological evaluation can be kept to a minimum.

Recommendations

o Actve and inelligent packaging systems manufactured from plastics oaly
shall comply with the compositional and migratien requirements {except for
intentionally released substances).

s Substances mentionally released from an active releasing system shall
comply with relevant requirements for food and food additives. Provisions
should be made for allowance of migration values higher than the overall
migration of 60 mg/kg food.

» Tt is proposed to draft a specific directive in which active and inielligent
packaging systems are regulated. For regulation of composite materials
reference to existing national regulations with regard to the base packaging
materials and separare lsting of the active apd ialelligent ingredients seems
the best solution for the tme being.

e Active and intelligent packaging systems should be accompanmed with a
declaration of compliznce provided the provisions proposcd have been realized.

o It will reman very dilficull and luboerious for enforcement laboratores o
prove viclation of Anicle 2 of Directive 39/109/EEC for complex syslems.
FPor manufactarers it may be difficulr to demonsivate complhiance with the
rules. as thev are nsually not aware of the compositon of all parts of the final
article. A proper certification system may provide a hetter guarantee ol the
safery of the packaging sysiem. Proper rules and guidelines, as well as the
appeintment of recognized certification laboraturics would be reguired for
that purpose. The scheme given in Fig. 22.2 could be a starting point for
draftiug a cestification procedure.

22.5.4 Basic rufes for migration tests

At the EU level, rules for testing plastic food contact materials are given in 82/
TIV/EEC'Y as mmended by O%&/ERC! and 97MS/EEC."? Directive 85/572/
EEC™ provides a list of simulaats that couid replace real foodstuffs in migration
testing. Simulants prescribed for complance testing are water, 3% acetic acid,
109 ethanol or olive oil. In some cases olive oll may be replaced with the
substitute food simulants 95% ethanol and iso-octane. In Directive 85/372/EEC
it is recognized that a fat simulant may be a stronger extractive than the food.
Depending on the food and its fat content reduction factors are included ia the
list. This means that the migration value obtained with a fat simulant should be
divided by the value indicated for that particular food. The reduction factors
vary from 2 to 5.
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Fig. 22.2  Scheme for cenification procedure.

In Directive 97/48/EC detailed corditions of time and temperature are given
to demonstrate compliance with the Hmits setin Phirective 2002/72/EC. The test
conditions 1o be applied shall represent the worst foresesable conditions of use
in case of contact with foodstuffs. Food contact materials and articles should be
sccompanied with a statement indicating the restrictions of use, if any, with
respect to the types of food and the maximum contact conditions of time and
temperature, according to Article 6 of Directive R9/109EEC.
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Diraciive 97A%/EC explicitly mentivns that, if the food contact matenal
under specified conlact conditions shows physical or other changes that do not
occur under conditions of use, the migration test shall be carried oul ander the

worst {oresecable conract conditions of use in which these phy
changes o not take place. This article allows far the use of specially developed
testing protocols depeading on {he problems encountered in the standardized
testing protocols. However, the test protocois are applicable only {0 materials
made of plastic. This means that materials composed of one or more layers not
made of plastic are not covered by the EU regulation. At a national level, for
example 1n the Netherlands, the testing protocols are used for most types of food
comact matesials. Detailed methods 10 which the requirements of these
directives arc taken imto account have been drafted and validared by the
Iuropean Stapcardisation Committee (CEN) in EN 1186 and EN 13130,

ieal or other

Relevance 0 A&l packaging systems

The appearance (size and shape) and the composition of active and intelligent
packaging systerns depend on thair application. Systems used 10 wrap the food
and made of plastics solely can be examined according ro the requiremeats of
Directive 82/71I/EEC, If such a system infentionally releases substances to the
food, then technically the system can he exanined according o the requirgments
of Direciive 82771 VEEC, but it may exceed the overall migration limit withont
endangering human  health, changing the composinon of the {ood i an
unacceplable way or deteriorating sensory properiies. Therefore these systems
would require a special approach in interpretating migration values.

Most active and intelligent packaging systems are corm posed of varicus (non-
plastic) materials. In principle, these materials are exciuded from EU
regulations, However, al a national level the same lesting protocols are applied
v most other non-plastic food contace materials. In contrast to conventional
packaging spaterials and artickes, aciive and intelligent packaging sysicms have
often a very bnted surface area compared 1o the foorl n copiact with e,
Many of these systems are not intentionally in contact with the food but only by
accident, For exaraple, a sachet with an oxygen ahserber may not be in contacl
with the food at all at the stage of packing. During transport oF handling in a
retail shop the food may make contact with the zbsorber, but only a relatively
wmall area of the fuod will be in contact with the absorber sachet, Nevertheiess,
migration may occuy and migration testing is required 1o guarantee food safety.
The test conditions of iime and temperature can be selected from Directive 82/
TL/EEC, and the appropriate simulants from Directive 85/572/EEC. For active
and inleliigent packaging systems in contact with dry foodstulfs {without tree {at
on the surface) no migration tests with simulants are prescribed. If necessary, the
specific migration of substances should be measured in the food itself.

Systems in contact with agueous or fatty Toods require testing with simulants.
In principle, the protocols prescribe that food contact materials are brought into
contact with a food simutant. This can be achieved by total immersion or by one-
sided congact of the material with the food simmulant. One-sided contact of plastic
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materials is achievable by filling an article such as a bottle or by using a
migration cell for one-sided conract. Due o the construction of many active and
intellicent packaging sysietns $is approsch is not feasible, and only submersion
of the article is an option. The conditiens of contact and, as a consequence, the
migration of substances during subsnersion i food somulant may deviate
severely from the conditicns of centact occurring under real conditions of
contact. For example, the conditions of contact of a small oxygen absorber with
roasted nuts are not comparahle to submersion in 4 fat siimulani, nof even when
e allowed reduction factor iy applied. When subinersing the oxygen absorber
in oil the whole article is soaked with oil, which does not happen when # 15 in
contact with nuts. Comparable situations were observed when using systems in
contuct with meat, for which Directive §5/372/BEEC requires {esting with waler
and oil. The tests with water and, in case of processed meat products, with 3%
acetic acid by total inunersion results in excessive migration of iron fons into the
food siruiant. After the migration period the food simulant ts usually browa-
coloured by iron oxide. This phenomenon does not occur with foodstults:
otherwise, the Tood contaminated with brown spets would not be acceptable
from a sensory point of view. :

In the case of moisture absorbers, submersion of the absorber leads W contact
conditions significantly differcnt (rom those oceurring in eontact with food
under teal conditions as well, Active and wmtelligent packaging systenis are in
contact with the foodstufl under different ceaditions from conventionsl
packaging matertals. In addiion, the composition {mulii-layery of the system,
as well as the presence of an active ingredient, are reasons for high migraton
when testing ander conventional conditions. Therefore. there 15 a nsed for
extending the existing lest protocols with so-called dedicated test methods.
Within the Actipak project some cxperiments with dedicated tests have heen
perfarmed. Oxygen-absorbing labels were tested by sandwiching the lahel
between layers of filrer paper mmersed in iso-octane as the fatty food simulant.
After the migrarion period the paper was extiacted and the overall migraton was

determined. Migration from a paper fibre-based molsture absorber was
determined with a block of agar. The agar immobilizes the water in a
comparable way as water bound in meat, for exarnple. To demonstrate potential
migration the absorber was first partly saturated with water containing a
flusrescent label, After the contact period the migration of the Nuorescent fabel
wis measured. This test could be useful to demonstrate whether or not migration
may occur. Similar tests were performed with a meisture regulator based on the
hygroscopic properties of sugar solutions. Migration of iron and sodiurm chloride
from an oxygen absorber in real food, food simulants and alternative simulants
has been deterrined as well, The results are very promising, but need further
standuardization and validation.

Intelligent systems placed on the outside of the primary packaging may form
a separate group. These intelligent systems are conpected to the packaging
tuateriat by means of an adbesive. Many intelligent systems are composed of
plastic material that contains the intelfigent ingredients as one of the layers of
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the systemn o in a plastic sacher. There s no direct contact with the food. In
addition, the shelf-life of foods with an intelligent svstem on the outside is
relatively short, Even if a polyolefin is used for the primary packaging the lag
time will prevent any migration. There is no need yet to require migration
testing of intelhigent systems connected to the outside of the primary packaging,

Recommendations

¢ Active and telligent packaging systems composed of only plastic shall be
tested according to Dircetives B2/71 I/EEC und 85/572/EEC.

v Substances intended to be relessed from an active system could be quantified
by migraticn tesiing or by detennination of the ol amount present, while
assuming that the 1otal amount of substance present in the active system will
be released w the packed food.

* The annex of Directive 97/48/EC should be exrended to allow tesling with
foudstutfs too.

» Asticle 1 (4) of Drirecuve 3%711/EEC should be amended to allow
application of the provisions of the Dircctive to active z2nd intelligent
packaging sysiems not compoesed of plastics only.

* Intelligent systems placed on the outside of the primary packaging should be
excluded from migration testing. Clause 4 of Chapter 1T of the Annex of
Directive 97/48/EEC should be extended for that prrpose.

s An addmional Chaper Vo the Anpex of Directive Y7/M%/5C shouid be
mserted o allow for dedicated test protecols for some tvpes of active and
iatelligent packaging systems.

Dedicated test protocols need further development and standardization.

22.5.5 Other directives on food contact materials

Oiher specific directives concerning food contact materials have been published.
However, these directives do not intluence the use of active and intelligent
packaging systems and are hence not discussed here in detail. For the sake of
completeness, these dircctives are listed below.

93/ 30/BEECH regenerated cellulose film

93/111/EC" st amendment to Directive 93/ |(VEEC

84/500/EEC® ceramic articles intended to come into contact with foodstsffs
2002/16/EC*7 use of certain cpoxy derivatives

22.6 Food additives

The requirements for food additives are formulated in general terms in Frame-
work Directive 89/107/FEEC. Specific directives have been published on colours,
sweeleners and food additives other than colours and swecteners.
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22.6.1 Tramework Directive 80/107/EEC as amended by Directive 94/34/
ERECY

Directive §9/107/EEC specifies the defindtion for food additives and the scope of
the dircctive. In simple terms, it stales that food additives are not food
ingredicnts or characteristic ingredients. Food additives are intentionally added
10 altuin o technological effect during manufacturing, storage and distribution of
the food. Various categaries of food additives have been identified, cach with its
typical properties. Food additives are allowed only if there is a technological
need, if there is no hazard o human health and if they do not mislead the
consumer. Consumers should be informed about the presence of addivves in
foodstaffs by means of proper labelling of the food ov the food additives. At a
national level specific reguitements on listing the ingredients as well as their
waceahility may exist.

Relevance to active and intelligent pockaging systems

The directive on food additives is relevant enly o systems that intentionally
release substances ite the food. The substance intentionally released from an
active systern should in the first place be an allowed food addiuve covered by
one of the cacgories listed in Annex I of Directive 89/107/EEC. In additon,
there should e a technological need that cannot be met by other means, Validity
of this clause may be difficult to demonsirate bur active systems fulfid a
technologicat function in the food when food 1s atready packed. In addition, the
requirement o add the luwest Jevel possible to achieve a desired effect may
support the use ol active systoms. Active systems usually will be active at the
surface of the packed food. whereas a food addittve (s often mixed into the food.
As a result, the total amount of a subsrance may be significantly reduced when
using 4i active sysiem.

Foads may contain & substance that is also released frauw an active packaging
systern, In those cuses, the final concentration i the food should be taken lor a
proper judgement of compliance with regulatory requirements. The food pracker
will carry that responsibility tn first instance. The proper labelling of the acrive
refeasing systam concerning the maximum amount of substance released from
an active system avoids the possibility of that maximun: limit being exceeded.
Active releasing systems may release the food additive via the headspace of the
packed food 1o oblain a distribution as usiform as possible. In other cases the
transfer of substances may be catsed by intense contact with the active system.
In hoth cases the concentration at the surface may be higher than the maximum
allowed concentration. However, measured on the basis of the bulk of the food
the amount of food additive should be significantly below the allowed
concentration limit. Taking into account thal the whole bulk of the packed
food is consumed this shouid not he a problem, Tn analysis of the foodstuif a
proper homogenization of the food should be ensured.

Recommenduiions
s Directive 89/107/FEC does not form any hurdle 0 the use of active and
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mteliigeat packaging systemns. The substances released [rom active packaging
systems shall comply with the requirements of this direclive.

» Poods in contact with a releusing system should te homogenized before
analyzng the food on the total amount of the relevant food addirive,

22.6.2  Specific directives on colours, sweeteners and food additives other
than colours and sweeteners

In addition o the Framework directive, specific directives onr food addirives
have been published, Directive 95/2/ECY (last amended by 2001/5/ECTY
provides a glossary ol the various categories of food additives covered by the
directive. Also substances not inchided in the directive are indicated, for
example substances for the weatment of drinking water. The directive is based
on the positive list principle. The substances, provided with a so-called E
aumber, are listed in {ive separite annexes. The annexes list substances for
geaeral use or for use in specified {oods or concentrations.

A relevanat issue is the packaging gases that are allowed in all foodsm:ffs, In
this respect, the Directive delines packaging gases as gases other than air
iniroduced into a container before, during or after placing a foodswff i that
coniainer.

Packagmg gases provided with an € nwmber are carbon dioxide, arson,
helium, nitvogen, dinitrogen oxads and oxvgen. The additives are subject w©
purity requirernents, which we laid down i specilic direcrives. Requirements
for colours used in foodsuffs are iald down in Divective 94/36/EC.2% Calours
allowed to add or restore colour in foodsmuffs include colours of natiral sources,
In five annexes the permitied colours and the conditions of their usc are laid
down, The anncxes include a positive list, a list of foodstutls that may not be
colourad, and colours with restricted uses,

Directive 94/35/EC {as amended by Directive 96/83/EC7") concerns the use
of sweeteners added o toodstuffs. Only the sweeteners listed may be nsed 1n the
foodsnatfs listed at a level fulfitling the intended purpose and shall not mislead
CONSUTICTS.

Relevance (o active and intelligent packaging systerns
The specific directives of the frarnework Directive 89/107/FEEC are relevant only
1o releasing systems. The specific directives are detailed and do not allow
deviations. Therefore, the releasing systems should comnply with gualitative apd
quantitative requirements on food additives. Manufucturers and food packers
should realize that a releasing system may net be generally applicable to all
foodstuffs but only to specified ones. Therefore, it seems obvious that the
manufacturer of rcleasing systeins should give proper insttuctions and define
conditions of use, although the final user or food packer has his own
responsibility as well.

None of the specific directives mentions the removal of substances from the
packed foudstufts. This may be logical as the directives are dealing with
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additives. The use of an oxvgen absorber, which removes oxygen from the
headspace of the packed food, 1s excluded from the directive whereas flushing
with nitrogen is included, The resultant packaging gas is, however, similar. The
application of gas absorbers is not covered by any directive and remaing the
respornsibiity of the food packer. As the application of oxygen shsorbers iy very
sirnilar to the use of packaging gascs, it seems [egical that labeling and food
safery are handled in the same way.

Labelling of packed foad

Packaging gases used for packaging certain foodstuffs should not be regarded as
ingredients and therefore should net be included in the list of ingredients on the
label. However, consumers should be informed of the wse of such gasts
masmuch as this information enables themn o understand why the foodstuff they
have purchased has a longer shelf-life than similar products packaged
differently. Therefore, the following twxt should be wsed on the label in the
nationat langusge: ‘packed under a protective atmosphere’, as is required for
modified-atmosphere packaging

Food sajery

When the atmosphere inside a package is altered, the limiting factor for shelfl-
life may also change. For example, in an oxygen-free atmosphere the growth of
gerobic mivro-organisms s inhibited, but this aimosphere may proouote the
grewlh of anaerobic micro-organisms. The Imiting factar (or shelf-life may then
become the growth of anaerobic micre-crgantsms. A similar reasoning sy be
valid for preservative-releasing systems. Shelilifz studies should reveal the
spoilage mechanism and the actual sheif life of the food should be catablished.

Reconunendations

* Feod additves released from active packzging systems shall comply with the
reguirements laid down in the framework directive and irs subsequent
specific directives. Limuts and requirements on the total quanlity of additives
in foods and the purity of the additives shall be obeyved. Also the limitation of
addition of substances to specified foods must be taken into account.

* Osxygen absorbers should be included in the section about modificd-
atmosphere packaging by amending Article 1(3 1) of Directive 95/2/EC as
foliows:

‘packaging gases’ are guses other than air, introduced into a container
before, during or after placing of the foodstuff in that container, or by
selective removal of oxygen after placing of the foodstuff in that
container’

* Substances released into food shall be Jabelled according o requirements on
tabeliing.
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227 Food flavouring

Framework Directive R8/383/EECH {as amended by 917 /BEECY COmcerns
favouring substances for use in or on foodstuils to impart adour and/or tagte,
The Havouring substances should be obtaitied from materials of vogetable or
antmal origin or by chemical syathesis. Flavourmgs shoold not imply addition of
any element or substance in a toxicologically dangersus gquanrity. Masimum
levels for arsenic, lead, cadmium and chromiom have been set, Alsa the content
ol 3,4-benzopyrene is limited in alf foods. There is a short list of substances that
may be used at certain maximum concentrations in foodsiuffs,

Labelling requirements concerning the description, quanlity, suitability for
food use and traceability have been laid down, In Council regulation EC 2237/
967" a procedure is laid down which inclades the listing of all flavouring
substances in use in the EU member states. The substances will he evatuated o
establish their conditions of use. Commission decision 1999/217.7% o amended
by Commission decision 2000/489.°% lists more than 2800 substances The
registration is a first step to a harmenized positive list of flavouring substances.
The Nordic counrries have some specific rules for the use of flavourings in
certain food products.’

Relevance tw acrive and intelligen: packaging systems

Aclve packaging sysiems releasing Plavourings are by delinition an attractive
way of flavouring food, A tlavour added (o the packed foodstaft will aenerate an
artractive or characteristic smell when consumers open the packed food. Sausage
casing may be flavoured 1o release the smoke tlavour o the sausage in order 1o
obtain a flavour taste and to preserve the sausage. A classic example 1« the use of
wine barrels, which are used to store the wine but at the same time release their
flavour to the wine, which may he characteristic of the wine. In modern wine
making wood chips may he used w0 obtain the same effect, Although a wine
barrel is clearly an active packaging mawerial in the definition of aclive
packaging systems, for historical reasons and because of the natural Qrigi, Wing
barrels could be excluded from classification as an active packaging marerial.
Application of flavour-releasing systems will not be hindered by the existing
regulations on flavouring, provided the rules laid down lor flavouring of
foodstuffs are taken into account.

Release ol flavour, can however, also be used o hide some negalive
aspects of the foodstuff, Directive §8/383/BEC clearly indicates that
flavouring must not be allowed to nislead conswmers. The use of flavouring
to hide spoilage is not acceptable; it would mislead consumers and nay cause
serious food poisoning. But, when the flavour is added in order to overwhelm
an off-flavour of the food and the use of flavouring docs not cause any toxic
harm it may be found acceprable. Active flavour-releasing systems are also
strong tools to avoid so-called scalping of flavour of packed foods. By
supplementing the flavours through the packaging wnaterial this effect could
be avoided.
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Another category of active packaging systems that may mislead consumers
are absorbers. For mstance, an absorber could be used to remove the amine smell
of fish and, as 4 consequence, consuiners wikt be deprived of a sensory indicator
for spoilage. These types of active systems are not covered by the flavonring
regulations but are actuaily comparable to hiding effects or, in the worst case,
mislcading consumiers.

Recommendations

¢ There are no fundamental objections to the use of an active system that
releases [lavouring substances. provided the regulations on flavouring are
followed.

s Allowed total quantizies of flavowrings ir foods shall nut be exceeded.

» Flavourng to hide spoilage is not allowed.

¢ Flavouring to mask natural or synthetic off-flavours should he further
studied. Conditions of acceptability should be drafted,

* Removal of substances is not an issue of the flavouring regulation but needs
legal attention. Appropriate provisions could be included in the specific
directive on active awd intelligent food contact materials.

22.8 Biocides and pesticides

Biocides are substances mtended to Sestroy, deter, render harmless, prevent the
action of, or otherwise exert a conrrofling effect on any harmful organism by
chemical or hiological means, as defined in Dircerive S%/8/BC. " Several areas
are excluded from the dircctive. Among others, foed addirives subject o
Directive 8%/ 107EEC and food contact materials subject to Directive R9/109/
EEC are cxctuded from the biocide regulations.

22.8.1 Relevance to active and intellicent packaging systems
The biocide regulation excludes food additives and foed contact materials. Thus,
any substance with a4 biocidal effect should be listed in these regulations. Active
systems intended to release a biocidally active substance into foods are limited
to the use of substances allowed as food additives. All requirements and
testrictions taid down in the regulations en food additives must be taken into
account. Only in bulk transport is the use of biocides as well as pesticides
allowed. A ship cargo space may be gassed with biocides or pesticides to protect
the food. This may also be feasible with active systems of sufficient capacity.
This is considered a special category of application that should comply with the
rules presently valid. :

Ofien confusion is brought about with regard o the use of biocidal substances
i [ood contact materials. There are two reasons to add bincidal products to food
soutact muaterials. First, it may be necessacy 1o stabilize a polymer emulsion
before manufacturing the final article. This application is indispensable to allow
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transport and storage of the semi-manulsciured product. A second appitcation,
of increasing intercst, is the addition of antimicrobial substances 1o protect {he
strface of the final wrticle from microbial contamination. In both sitrations the
addition of the biocide shouid not be considered as an active systern as there iy
no intentional ifluence on the food. In both cases migration of the stbstance
should be negligible or as fow as possible; anyvway, there should be no effect on
the Inod in conract with the materials,

Recommendation

The reguiation on biocides excludes food contuct materials and food additives,
Therefore, all applications related te biocidal substances arc subject o
reguiations on food contact materials and food additives.

22.8.2  Pesticides

Directive 9 1/414/BEEC! regulates the use of pesticides, which, in short, are
active substances lo protect plants and plant products against harmiul arganisms.
Plant protection products (pesticides) are used on agriculural produce and are
not added to foodstuifs as preservatives. Maximum residue levels (MRLs) for
each specilic pesticide in agricultwral produce have been defined in the
Directive, either {or a group of products or for individual producrs,

22.8.3 Relevance to active and intelligent packaging systems

The use of pesticides is legal only if approved for a specific use or on specific
agricultural produce. At the pre-harvest slage the use ol active packaging s
unlikely cven if possible. However, some products may also be treated with
peaticides at the post-harvest stage: for example, the use of certain plant growth
regulators for potatocs 3 authonzed as well as some insscticides on cereal
gruins. The wse of these pestcides 35 usually a matter of bulk treaument,
Profective substances on potatoes or cereal grains may or may not he volatle.
Treatment with non-volatile agents is uniikely as it will not be sffeciive on the
bulk ot food. The proteciion of potatoes with volatile substances may be feasible
but due 10 the butch treatment this is unlikely. No such applications are currently
in use or under development. When active sysiems are developed then they
should comply with the mles en treatinent of food products. Impregnation with
tphenyl of paper used for packaging citus fruits has heen known for many
years, However, in this application biphenyl is regulated as a Tood additive.

Recommendation
When active systens are developed, they shall comply with the regulation on
pesticides. :
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22.9 Food hygiene

The aim of Council Directive 93/43/EEC™ on the hygiene of foodstulfs is to
controt all sclivities eritical to lood safety, and thus it covers all aspecis
affecting hygienic preduction, sterage, packaging and disteibution of foodstaffs,
in order to epsure the safety and wholesemeness of foodstuffs. The Drirective
aims sl establishing uniform minimum requirements for food production 0
cnsure that only safe food is retaited. Regulations on velerinary producis, such as
Directive 92/5EECY for meat products, contain more detailed requirements
(e.g. approval of establishment, stricler temperature conditicns, official controls)
for the production of some products of animal origin. Special provisicos for the
hygiene of quick-frozen fondstuffs are given in Council Directive 89/108/FECH
to protect them from microbial or other extornal contamination and from drying.

To achicve safe food the directive requires protection of the food within the
food production chain against any contamination that renders the food uniit for
copsumption. Foods supporting the arowlh of pathogenic MICTO-0rganisms or
the formation of toxins should be kept ar remperatures that will not endanger
health. Principles of HACCT (hazard analysis of critical control points) as given
by the FAQ/WHO Codex Alimentarius Commission shoutd be followed. Food
packaging marerials are not directly covered by the BC Directive, but hygienic
conditions of (he packaging materials will be a prereguisite m hygienic food
production. Neither the microhiclogical criteria for foodslfs nor the
teraperafure reguirements have been harmnonized in the Furepean tnon
Various lime-temperatnre requirements can therefore he found for certain food
categories in different couptries.”® Where no legislation exists, the manufacturer
may freely choose the best storage temperature for the product provided the
product is safe for consumption.

Although legislative requirements and recommendations for lemperature
control during manulactering, heating. cooling and chilled storage are abundant,
there are no rules in food legisiation en how long food guality should remain
acceptable. Phrective 2OMRY LWECY on labelling requires pre-packed [oods 1o
bear a date of mipimum durability or, for highly perishable foeds, a ‘use by’
date. Tt is the manafacturer’s responsibility to determine the shelf-lite of the
product, taking into account sterage conditions, and to ensure that the product is ’
safe throughout its assigned shelf-life. The sheif-life of foods depends on the
specific properties of the food product and the environmental couditions in
which the food is treated and stored. In particular, the shelf-life of
microbiologically sensitive foodstulfs will depend on storage conditions of
time and temperature.

2291 Relevance to active and intelligent packaging systems

The Food Hygiene Directive requires that all measures be taken to ensure the
safety and wholesomencss of foodstuffs during production, transport, storage
and offering for sale or supply 1o the consumer. The use of active systems may
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he helpful to mainiain the quatity of the food and to extend its shelf-life.
inteliigent systems could provide reliable information on the conditions of the
food by shawing, for instance, the time and temperature conditions during the
life cycle of the food, or by detecting guses seneraled by micre-organisms,

The use of an oxygen absorber will suppress the growth of certain micre.
orgamisms. The use of preservative-refeasing systems will have a similar final
effect. Foodsmiffs will not only have a longer shelf-life but will also be safer at
the ome of conswmption. The use of molsture absorbers, for example for
packaged meat, has in the first insiance a visual benefit as the mneat Juice s
absorhed by the absorption pad. If, however, such a pad is weated with a sclected
mixture of spices, then microbial deterioration will be slowed down resulling in
a longer shelf-life and safer product.

It is required today 10 print on packaged food the ‘use by’ date. Usually the
“use by” date Is established on the basis of expetience. For products with a long
shelt-life this dous not cause any problewn as the sterage time and temperaturs
conditions are not very critical. Por products with a long shelf-life chemical
deterioralion is usually the limiting factor, whereas for foods with relatively
short shelf-life microbiological cenditions are often the limiting factor. Food
packers may extend the safely margin to allow of some *‘misuse’ during transport
by consumers frem the retailer wo their homes, or incorrect lemperature setiings
during cisplay. Use of a tme/temperature indicator could indicate the safety of
the feod hy mdicating that the wllowable storage conditons of tme and
temperaiure have not been execeded, These umeflemperature jodicalors could
prevent unnecessary wasle of food due o the eiapse of the ‘use by” date, which
of itsell 1s no guarantee that the food is fit for consumption. The ndicator will
inform consumers whether the product is still seitable for consumption. These
indicators could replace the requirements of printing ‘use by® dates when it is
demonsirated that they are reliable and when the cousumer is familiar with the
use of the indicators, However, most tne/iemperatere indicators are nat capable
of giving proper informarion on the period 30l 0 go before the “use by’ dae is
passed. This could be avercome by printing the production date or date of
packing on the packed food instead ol a "ase by’ date in addition to an indication
of the shelf-life. This approach would reguire, of course, a range of mdicators
with variable ‘response times” to allow the use of a proper indicator.

Muodified-atmosphere packaging with packaging gases is a frequently used
method to preserve foods. However, if the gas-lightess of the package fuils, the
protective atmosphere will change and the food may become unfit for
consuription. This is very difficult to nbserve both for the manufacturer and for
consumers. Insertion of an indicator that detects, for example, oxygen will provide
infornxation not available without the indicator. Similar indicators can be inserted
o detect the generation of microbial respiratory gases. The Food Hygiene
Directive requires “all measures necessary (o ensuze the safety and wholesomeness
of foodstuffs’. The use of both active and intelligent packaging systems 15 a new
means of meeting this requirement. Actnally, the requirements of the hygicne
directives strongly support the use of active and intelligent systems.
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Recopunendation
Allowance should be made in the Faod Hygiene Directive to replace the ‘use by’
date with dedicated fime temperature indicators.

22.10 Food labelling, weight and volume control

Labelling of foodstufls 15 meant to give consmmers information on the
composition ol the food and to protect them. In Dircetive 2000/13/5C
requireraents for labelling of foodsmffs to be delivered to the ultimare conswmer
are laid down. Labelling of the (oodstoff should not mislead the ultimate
consurter. Detailed but generally appiicable requirements have heen formulated
as to the information to be provided. Major {ssues are: name, list and quantities
of ingredients, shelf-life, name and address of the memifacturer, instructions for
use, ete. All ingredients shonid be listed in descending order of quantity.

Food additives shali be destpned by their calegory name followed by their
specified name or EC uumber, for example ‘Emulsifier F 3227 Also
requirements on the minimum durability of the foodstaff should be printed by
using the werding ‘best befare ... ar "use by .7 depending on the perishable
tature of the foodstuff. Dircctive 89/109/EEC lists requirements on labelli ng of
packaging materials. This concerns, however, not the final product but the
ing material when il is net in contact with the food. Tn thal case the
ging material should be accompanied with insiructions for nse svch as
suttability for varivus types of foodstufls and maximuam femperature range. In
addition, it should be possible (o trace back ihe packagig material to the

manufacturer in case of a calamity.

2.10.1 Relevance to active and intelligent packaging systems
Dhrecrive 200001360 requires listing of {ood additives used in the manufacture or
preparaon of foods and sl present in the finished product. It may be
questionable whether an additive released from the packaging material i3 added
during manufacturing or preparation, but no douht it will he present in the final
product, Therefore, any substance intenitionally refeased into the food while being
packed should be listed according to the rules of Directive 2000/13/EC,
Requirements on (otal quantities should be respected, irrespective of the stage ut
which the substance becormes part of the foodstuff. Intelligent systems could
supplement the information presently given to the consumer. 1t is conceivable that
labelling requirements could be changed due to the information given by
uite]lige g systems. For example, ‘use by’ dates could be replaced by information
obtained from a lime-temperature  iadicator. However, the introduction of
intelligent systems and consumer education regarding interpretation. will he
aeeded hefore making any changes to labefling requirements in this tespect.
Active and intelligent packaging systems may be incorporated in the
Packaging material of the foodstaff. ‘They can alsc he packed with the food 1n
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the form of a sachet, box or label. Consumers should be made aware that the
object included in or on the packed food is Aot a part of that food. Sachets wig, a
powder could easily be confused with ingredicns like salt or pepper. Graat caye
should be taken to prevent the consumers eating it. Labelling only by text steing
aot sufficient, Conswmers who cannot read must be protected as well. Therefore.
the introduction of a harnmenized universal symbal, which indicates thay the
abject 1s not part of the foodswif, seems appropriate. According 1o labelling
Directive 2000/13/EC, the vlimate consumer shoutd be informed proper]y'_
Theretore, also information on the funclion of the inedihle active or intelligent
packaging system, should be printed,

Usually, active and intelligent packaging svstems wiil not he avatlable 1o the
consumer as such. They will he purchased by food manufachirers and food
packers. The manufacturers should also be informed sbowr rhe range of
applications and restrictions of use as well as about the quantity of additive that
may be released from an active system. This could be achicved by means of
documents attached 10 a batch of articles.

Recommendations
e [abelling of focds shall be in compliance with Direcrive 2000/ 13/5C,
Substances released from a system should be considered a food additive
added during manufacturing or preparation of the food,
* Requirements on lubelling, at the refail stage. sheuld be formulated with the
aim 1o inform the consumer shout:
- the presence of 4 non-food component
~ the function of the system
~ nedibility of the system by means of written text and a mclogram
~uny possibie sk upon digestion of 4 system.
These requirements could be added 1o the disective on labelling, bat it may
be more appropriate to add them to the specific directive on sctive and
inteligent food conract materials.
= Arthe wholesale stage, active and intelligent packaging systems should be
accompanied by a certificate of compliance with regulations of food contact
materials.
* Instructions on conditions and restrictions of use should be given at the
wholesale stage.

22.10.2  Weight and volume control
Several EU directives deal with the weight and voiume controf of pre-packaged
food. Directive 75/106/ELEC * and Directive 76/211/EC*® relate 1o pre-packages
made up by volume and weight respecrively. The pre-packages must bear an
indication of the product weight or volume, known as ‘nominal wetght” or
‘neminal volume” which they are required to courain.
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22.30.3  Relevance to active and inteiligent packaging systems

Active systems may influence the welight or volume of the foodstuffs. In the case
of emitters of food additives {preservatives, flavouring compounds, cte.) the
aﬁigrauon of these compounds will have 5 negligible effect on the weight or
volumie of the food. Lightweight foods, such as chips and dred herbs, roay be
exceptions, Moistire absorbers. such as an absorbing pad for meal drip, usually
huve a noticeable effect om the net weiglit of meat. The aim of the Dircctives on
weight and volume control 15 to ensure that cousumers are correctly informed on
the net quantity of the food. If the active system influences the weight or
volare, this must be taken inte account in the declzred weight or volume.

Recommendation
Active packaging systems with ahsorbing properties should take into account the
loss of weight due to the absorber.

2211 Product safety and waste

Directive 2001/95/EC™ concerns gensral product safety. The general product
safety dircedve dicrares that all products placed on the market shall be safe.
‘Safe products” mean that under normal ar reasonably luresecable conditions of
use the product does not present any risk or only the minimal risks compatible
with the product’s vse. In the judgemaent of safery aspecis the ehavacteristics ol
the product, presentation, labelling instouctions and the category of consumers,
in particutar children, should be considered. Marnfacturers are obliged (o
provide the relevant information to the final consamer.

22111 Relevance to active and intelligent packaging systems

The gencral product safety directive applies to active and intelligent systems.
The active or intelligent system may never sodanger food safety Or consumer
health. To comply with safety a number ol issues have to be considered before
bringing systems on the market,

22.11.2  Labelling of active and intelligent systems
Several active and intelligent systems are present inside the pranary packaging,
such as sachets, cups and pads. It has to be made clear that these systems are not
suitable for consumption. There shouid be no confusion with sachets or cups that
contain, for example, herbs, salt or butter, which are intended o be consumed with
the packaged food. Thetefore, on the active or intelligent system a well legible,
indelible warning has to be placed in at least the national tanguage that the active
or intelligent system is not 1o he consumed, for exemple ‘DO NOT EAT.
Functionally dysiexic people and those not able to read the national language
shonld ke able ro anderstand the warning ‘DO NOT AT by means of a symbol
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2O NOTEAT
NE PAS MANGER

Fig. 22.3  Proposcd symbel to warn consumers not o ext the System.
printed on the label. This symbol has o express that the content of the active gy
mtelligent system is not suitable for consumption.  Harmonizaton of the
wordings and the symbo! would enbance the understanding of the wording and
symbol in & short period of time, wheseas the use of different indications would
confuse the consumer. Within the Actipak project a symbod is proposed which jg
shown in Fig. 22,3, Possibly better designs could be developed, but the main
issue is that only one symbol should be adopted for harmonization.

22,113 Size and shape of active or intclligent systems

A recommendation bas been issued to member slates to take action to prevent
consumption of the non-food article. Tn this respect children, mentaily disabled
paticnts and elderly people are considered high-visk oroups. Tt ig therefore
advisable that the non-feod article is so large that aduits cannot swal low it, For
toys*! the minimum size is determined on the basis of a defined cylinder,
resulting in a size of 3.17 em. For adults the minfmuam size should be increased
o 3 o In addition. the non-food article should have a morphology
distinguishing it fromn the packaged food. Another possibility is to theroughly
attach the sctive or intelligent system to the packaging.

Content of active und inteiligent system

If, tor any reason, the active or intelligent syswem rebeases its chemicals, ne acute
danger @ the consmmer may ocewr. Therefore, avtive and intelligent componnds
present in sachets, cups or pads used in constimer packaging should not be
seriously ircitating, comosive, harmful or toxic, Furthermore, these compounds
shall not be carcinogenic. Directive 67/348/BEC? can be used to classify
dangerous substances, Some active or mtelligent systems consist of a film that
incorporates the active compound. In these cases the Scientific Committee on
Food has 1o assess their toxicity and migration behaviour and set limits
accordingly.

2L.114 Food imitation directive

Froducts referred 1o in the Food Tmitation Directive 87/357/EECY are those
which, although not foodstuffs, possess a ferm, odour, colous, appearance,
packaging, labelling, volume or size such that it is likely that consumers,
especially children, will confuse them with foodstuffs and consequently place
them in their mouths, or suck or ingest them, which might have serious effects.
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Member stales are obliged to take sl messures necessary to prohihit the
marketing, import and either manulacture or export of unsafe products,

22.11.5  Retail versus wholesale

Active or inelligent packaging systems can also be used in whilesale food
applications, for example, during transport of wholesale packuged foadstulTs,
These active ol intelligent systems will not reach consumers, The final users are
then professional emplovees, not the risk groups of children, elderly people and
mcntﬁily disabled persans. Therefore, active and intelligent systems used in
wholesale that are not intended to reach consumers do not have Lo comply with
the previcusly described safety aspects regarding the sire and content, or the
food imitation directive.

Recommendations

* Measures should be tuken to harmonize the text and symbol 10 be printed op
active and inteliigent packaging systems.

* Requirements on size and shape as laid down in toys regulations should he
made applicable w movable abjects packaged with foodsruffs.

» Quantities of substances that could have seriows henlth or lethal eflvcts
should not he aliowed.

* Directive 87/357/FEFC on food imitation may be applicable o acrive and
intelligent packaging systerns depending on the appearance of the systern.
Manufacturers should consider this directive, in particalar in the develop-
mental phase of their system.

12116 Waste

Waste Directive 94/62/CY describes measures aiming at preventing the
producrion of packaging waste. [t additionally aims ar reusing, reeveling or
fecovering packaging waste to reduce the final disposal of packaging waste. The
directive covers al] packaging placed on the market regardless of the miaterial
ysed. The directive is applicable to all types of packaging waste, Member states
M communication with stakeholders are encouwraged fo promote reuse of
Packaging materiuls. ldentification codes should facilitage collection, reuse and
fecycling. Restriciions as to the levels of lead, cadmium, moercury  and
hexavalent chromium must be reduced in time. The directive mentions the
recycling processes actually available, The directive also assumes that materials
C&'Tl.be reused only when appropriate. Packaging use shall be reduced o a
My,

Relevance 1o active and intelligent packaging systems
CRYIrGnmental jssues it is often necessary to perform a lite cycle analysis.

uly e . . : .
Y that way is it possible to estabiish whether the use of a certain type of
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packaging material is the mast apprepriate. Addition of an active or inteiligen
packaging system may require an additions) amount of packuging Materja)
resulting in more waste. However, i by virtie of a longer shelf-fife of the
packed food the whsie of packagin g muaterial and food is reduced, the scale could
eastly he turned in favour of the use of active or intelligent packaging systers
Racovery of fond contact malerials, with the excepiion of paper, glass and Imetal,
s lanited, In recyeling of plastics only recycied polvethylene rterephthalate i
comnercially applied. For most other polymers recycling of food cantact
plastics into new articles is still on a modest scale. Collection, sorting, cleaning
and processing is cumberseime, as the directives on plastics require thar the
material shall be safe and comply with the positive list. This means thar
recycling of complex mixmres like active and intelligent packaging systems is
currently not an issue.

The presence of various chemicals, present enly i relatively small quantities.
may mect objections upen incineration but if the substances are of organic
nature they will be incineracd, Oxygen absurbers containing iron may produce
some sdditional slag. In general, no problems are manifesting themselves now
but developers of active and uitelligent packaging svstems should take neo
account possible environmental conseguences.

Recommendation
* Manufacturers should consider the use of sctive and mntelligent packaging
systems in view of environmental issues,
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