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ABSTRACT 

The study by the Centre for Technology Assessment TA-SWISS pro-
vides an overview of nanomaterials already used in the food sector. 
Today, nanotechnology is virtually insignificant in terms of environ-
mentally sound and health-promoting nutrition, and even in the future 
it is only likely to play a relatively subordinate role in making nutrition 
more sustainable. But nanotechnology is already used in food packag-
ing, an area that is regarded as having considerable potential for 
innovation. The study assesses these products in respect of environ-
mental issues and sustainability, showing the direction that future 
developments might take and where there is a need for caution. 
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Executive summary 
The aim of the study was to analyse the opportunities and risks of the application of 
engineered nanomaterials in food and food packaging on a scientific and value-
oriented basis. 

The analysis of the Swiss market showed that only a few nanoscale food additives 
and foods containing such components are available. According to the wide defini-
tion of engineered nanomaterials selected, these are additives like silicon dioxide, 
carotenoids and micelles which have been in use for many years already and have 
been toxicologically reviewed. They allow improved handling, improved appearance 
and increased bioavailability of nutrients. However, on non-European markets, food 
additives that contain nanoscale noble metals with dubious benefits and some 
toxicologically risky properties are also available. 

In the area of food packaging, composite films and PET bottles with nanotech-
nologically improved barrier features against gases and flavours, which improve 
durability of the contents, can be found on the Swiss market. 

Furthermore, outside Switzerland, packaging with biocidal effective substances 
(mainly nanosilver) exists with a view to providing protection against bacteria and 
fungi. 

At present, given the current market situation, the contribution of nanotechnology 
to an environmentally friendly, healthy and ethically responsible food supply is 
estimated as marginal in Switzerland. In perspective, the enrichment of food with 
nanoscale supplements (e.g. iron) could have nutritional benefits in developing 
countries closely connected to their economic potential. A requirement for this is 
that the nanomaterials used must be non-toxic in ecological and human terms. 
Food packaging with nanocomponents, however, already offers advantages for 
consumers at present and therefore offers greater potential for the future, espe-
cially because of the environmental impact. 

The challenge for the future consists in ensuring that the benefits of the nanomate-
rials used are not counteracted by possible human and ecotoxicological risks, such 
as the migration of toxicologically critical nanomaterials of food packaging into 
food, for instance. Therefore, the development of nanomaterials in the food sector 
and the design of the regulatory framework should be governed by the precaution-
ary principle, which should ideally be explicitly incorporated into Swiss food legisla-
tion. For the implementation thereof, the current regulations in food legislation, 
which generally also include nanomaterials, should be adjusted to nanospecific 
requirements. Specifically, public risk management guidelines for producers and 
importers are recommended. This includes disclosure requirements for food and 
food packaging which contain nanomaterials with risk potential for producers and 
importers. A risk potential must be assumed when there is scientific evidence that 
points to serious and irreversible disadvantages or a plausible scientific risk hy-
pothesis for a certain nanomaterial.  
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Furthermore, specific labelling of nanomaterials in ingredients and in packaging 
materials is recommended. The labelling should facilitate traceability in the produc-
tion chain of specific foods and governmental food monitoring, as well as offering 
consumers freedom of choice. 

Finally, it should be determined whether and to what extent the regulations for 
traceability throughout the production chain for engineered nanomaterials already 
being followed by producers need to be adapted, and how these regulations are 
applied in practice. Appropriate, generally accepted definitions of nanomaterials 
should be used in this context. On the other hand, it is not recommended that a 
specific ‘nanofoods act’ be passed. Regulatory measures must be accompanied by 
an intensification of risk research as well as a consistent awareness of responsibility 
for their product on the part of manufacturers and producers. This includes, but is 
not limited to, better information, transparency and willingness to communicate 
with stakeholders and the public. Otherwise the danger exists that the debate on 
genetically modified food will be repeated. As recommended in the Swiss Federal 
Council’s ‘Engineered Nanomaterials’ action plan, dialogue platforms about the 
opportunities and risks and a public information campaign about dealing with 
nanomaterials in the food sector should be an integral part of the follow-up. 
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Zusammenfassung 
Das Ziel der Studie bestand darin, auf wissenschaftlicher und gleichzeitig werteori-
entierter Basis die Chancen und Risiken des Einsatzes von synthetischen Nanoma-
terialien bei Lebensmitteln und Lebensmittelverpackungen zu untersuchen. 

Die Analyse des Schweizer Markts zeigte, dass bislang nur wenige nanoskalige 
Lebensmittelzusatzstoffe bzw. mit solchen Komponenten versehene Lebensmittel 
verfügbar sind. Entsprechend des gewählten erweiterten Definitionsbegriffes für 
synthetischen Nanomaterialien sind dies Zusatzstoffe wie Siliziumdioxid, Carotinoi-
de und Micellen, die schon seit vielen Jahren verwendet werden und toxikologisch 
überprüft sind. Sie ermöglichen ein verbessertes Handling, eine verbesserte Optik 
oder eine Steigerung der Bioverfügbarkeit von Nährstoffen. Auf außereuropäischen 
Märkten werden hingegen auch Nahrungsergänzungsmittel mit nanoskaligen Edel-
metallen mit fragwürdigem Nutzen und z.T. toxikologisch bedenklichen Eigenschaf-
ten angeboten. 

Bei Lebensmittelverpackungen befinden sich auf dem Schweizer Markt Verbundfo-
lien und PET-Flaschen mit nanotechnologisch optimierten Barriereeigenschaften 
gegenüber Gasen und Aromastoffen, die eine verbesserte Haltbarkeit des Inhalts 
bewirken. Außerhalb der Schweiz existieren darüber hinaus Verpackungen mit 
biozid wirkenden Substanzen (v.a. Nanosilber), um einen Schutz vor Bakterien und 
Pilzen zu erzielen. 

Angesichts der aktuellen Marktsituation wird der Beitrag der Nanotechnologie zu 
einer umweltverträglichen, gesundheitsfördernden und ethisch verantwortlichen 
Ernährung für die Schweiz derzeit als sehr gering eingeschätzt. Perspektivisch 
könnte allerdings eine Anreicherung von Lebensmitteln mit nanoskaligen Supple-
menten (z.B. Eisen) in Entwicklungs- und Schwellenländern mit entsprechender 
Mangelversorgung einen gesundheitlichen Nutzen generieren, der mit wirtschaftli-
chen Potenzialen in größerem Umfang verbunden ist. Voraussetzung hierfür ist die 
öko- und humantoxikologische Unbedenklichkeit der verwendeten Nanomaterialien. 
Lebensmittelverpackungen mit Nanokomponenten bieten hingegen bereits jetzt 
Vorteile für die Konsumentinnen und Konsumenten und bergen somit größere Zu-
kunftspotenziale, zumal hier auch Umweltentlastungseffekte bestehen. 

Die Herausforderung für die Zukunft besteht darin, dass der erzielbare Nutzen nicht 
durch ggf. vorhandene human- wie ökotoxikologische Risiken der verwendeten 
Nanomaterialien konterkariert wird. Hier ist z.B. die Migration von toxikologisch 
bedenklichen Nanomaterialien von Verpackungsmaterialien ins Lebensmittel zu 
nennen. Daher sollte im Lebensmittelsektor die Entwicklung von Nanomaterialien 
und die Ausgestaltung des Regelungsrahmens durch das Vorsorgeprinzip geleitet 
werden. Es wird deshalb empfohlen, das Vorsorgeprinzip im Schweizer Lebensmit-
telrecht ausdrücklich aufzunehmen. In der Umsetzung des Prinzips sollten dann die 
bisherigen Schweizer Vorschriften zum Lebensmittelrecht, die grundsätzlich auch 
Nanomaterialien umfassen, auf die nano-spezifischen Erfordernisse angepasst 
werden. Konkret empfohlen werden staatliche Vorgaben für das Risikomanagement 
bei den Herstellern und Importeuren.  
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Dazu gehört u.a. für Hersteller und Importeure eine Pflicht zur Meldung (Notifikati-
on) von Lebensmitteln und Lebensmittelverpackungen, die Nanomaterialien mit 
Besorgnispotenzial enthalten. Ein Besorgnispotenzial ist dann anzunehmen, wenn 
wissenschaftliche Hinweise auf ernste oder irreversible Schäden bzw. eine wissen-
schaftlich plausible Risikohypothese für ein Nanomaterial vorliegen. Ferner wird 
eine spezifische Kennzeichnung von Nanomaterialien in Zutaten bzw. in Verpa-
ckungsmaterialien empfohlen. Die Kennzeichnung soll in der Herstellungskette die 
Rückverfolgbarkeit von entsprechenden Lebensmitteln und die staatliche Lebens-
mittelüberwachung erleichtern sowie den Konsument/innen die Ausübung der Wahl-
freiheit ermöglichen. Schließlich sollte überprüft werden, ob und inwieweit die be-
reits von den Herstellern zu beachtenden Regelungen zur Rückverfolgbarkeit ent-
lang der Herstellungskette für synthetische Nanomaterialien anzupassen sind und 
wie sie in der Praxis angewandt werden. Geeignete allgemein anerkannte Definitio-
nen von Nanomaterialien sind hierbei zu berücksichtigen. Nicht empfohlen wird 
hingegen der Erlass eines speziellen «Nano-Lebensmittelgesetzes». 

Die regulatorischen Massnahmen müssen flankiert werden durch eine Intensivie-
rung der Risikoforschung sowie durch eine konsequente Wahrnehmung der Pro-
duktverantwortung seitens der Hersteller. Dies umfasst insbesondere auch eine 
verstärkte Information, Transparenz und Dialogbereitschaft gegenüber Stakehol-
dern und der Öffentlichkeit. Andernfalls besteht die Gefahr, dass sich die Debatte 
um Gentechnik bei Lebensmitteln wiederholt. Wie auch im Aktionsplan «Syntheti-
sche Nanomaterialien» des Bundesrates empfohlen, sollten daher Dialogplattformen 
zu den Chancen und Risiken sowie ein gesellschaftlicher Verständigungsprozess 
zum Umgang mit Nanomaterialien im Lebensmittelsektor einen integralen Bestand-
teil des weiteren Entwicklungsprozesses bilden. 
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Résumé 
Le but de l’étude était d’analyser d’un point de vue scientifique et du point de vue 
des bénéfices, les avantages et les risques de l’usage de nanomatériaux dans les 
aliments et emballages alimentaires. 

L’analyse du marché suisse a montré que jusqu’à présent, seuls sont disponibles 
quelques nano-additifs ou des aliments en contenant. Selon une large définition des 
nanomatériaux synthétiques, des additifs tels que le dioxyde de silicium, les caroté-
noïdes et les micelles qui sont déjà utilisés et testés depuis plusieurs années en-
trent dans cette catégorie. Ils permettent d’améliorer l’utilisation et l’apparence des 
produits et d’augmenter la biodisponibilité des nutriments. Cependant, d’autres 
additifs sont disponibles sur des marchés non européens contenant des métaux 
lourds de taille nano aux bienfaits douteux et présentant des caractéristiques par-
tiellement toxiques. 

Dans la catégorie « emballages alimentaires », le marché suisse propose des films 
alimentaires composites et des bouteilles PET aux barrières nano-
technologiquement améliorées contre le gaz et les arômes permettant une meil-
leure conservation de leur contenu. 

A l’extérieur de la Suisse, il existe d’autres emballages contenant des substances 
biocides (principalement le nano-argent), fournissant une protection contre les 
bactéries et les moisissures. 

En considérant la situation présente du marché, la contribution de la nanotechnolo-
gie à une alimentation écologique, saine et éthique est évaluée à ce jour comme 
marginale en Suisse. À l’avenir, l’enrichissement de la nourriture avec des supplé-
ments nanométriques (p. ex. fer) pourrait constituer un avantage significatif pour 
les pays en voie de développement et émergeants, entraînant un important poten-
tiel économique. Un pré-requis pour ceci est l’innocuité des matériaux nanométri-
ques utilisés d’un point de vue éco- et humano toxicologique. Les emballages ali-
mentaires en revanche offrent déjà des avantages pour le consommateur et impli-
quent donc un potentiel plus important dans l’avenir, essentiellement par l’effet de 
préservation de l’environnement qu’ils apportent. Le défi pour le futur consiste à ce 
que de potentiels risques humano- et éco toxicologiques liés à l’utilisation de na-
nomatériaux ne contrecarrent pas les bénéfices réalisables. A ce propos, mention-
nons le transfert de nanomatériaux inquiétants du point de vue toxicologique des 
emballages alimentaires vers les aliments qu’ils contiennent. Par conséquent, le 
principe de précaution devrait conduire tout développement de nanomatériaux dans 
l’alimentation ainsi que toute élaboration d’une quelconque règlementation. Il est 
recommandé d’incorporer explicitement le principe de précaution dans le droit 
suisse sur les denrées alimentaires. Lors de la mise en œuvre de ce principe, 
l’actuel droit sur les denrées alimentaires, incluant en principe les nanomatériaux, 
devrait être ajusté aux demandes spécifiques de la nanotechnologie.  
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Concrètement, il est recommandé d’établir des directives publiques pour la gestion 
des risques à l’attention des producteurs et importateurs, dont, entre autre, 
l’obligation pour ceux-ci de signaler les aliments et emballages contenant des na-
nomatériaux potentiellement inquiétants. Il faut tenir compte de ce potentiel 
d’inquiétude lorsque la science fournit des indications sur des dommages sérieux, 
voire irréversibles ou l’hypothèse d’un risque plausible liés à un nanomatériau don-
né. De plus, un étiquetage spécifique des ingrédients et des emballages contenant 
des nanomatériaux est recommandé. Ceci devrait faciliter la traçabilité dans la 
chaîne de production alimentaire ainsi que la surveillance gouvernementale et 
finalement offrir au consommateur le droit du libre choix. Pour finir, il faudrait 
vérifier si et dans quelles proportions les règles de traçabilité imposées aux produc-
teurs tout au long de la chaîne de production doivent être adaptées aux nanomaté-
riaux et comment elles sont appliquées en pratique. Pour ceci, il faut prendre en 
considération une définition appropriée et généralement acceptée des nanomaté-
riaux. L’énonciation d’une loi « nano-alimentation » particulière n’est au contraire 
pas recommandée. 

Les mesures de règlementation doivent être encadrées d’une intensification de la 
recherche des risques et d’une responsabilisation des producteurs face à leurs 
produits. Ceci implique essentiellement un renforcement de l’information, de la 
transparence et une volonté accrue de communiquer avec les groupes d’intérêt et 
le public. Sinon le débat sur le génie génétique dans l’alimentation risque de se 
répéter. 

Comme recommandé dans le plan d’action « nanomatériaux synthétiques » du 
Conseil fédéral, des plateformes de dialogue au sujet des bienfaits et risques de 
cette technologie ainsi qu’un processus de concertation de la société au sujet de 
l’utilisation de nanomatériaux au sein du secteur alimentaire devraient faire partie 
intégrante du développement de cette technique. 
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1. Introduction 
Nanotechnology in the food sector is nothing new. In nature, biochemical synthesis 
takes place at a nanoscale level. For this reason, a range of foods contain natural 
nanomaterials. One important and frequently stated example is casein, which is 
suspended in milk in the form of micelles at the nanoscale. For several years, how-
ever, nanotechnology has also been used to deliberately synthesise substances up 
to about 100 nanometres (nm). Some of these engineered nanomaterials are now 
also found in food and food packaging. 

Compared with the medicinal, energy and environmental technology sectors, the 
application of nanotechnologies in the food sector is assessed in a significantly more 
critical manner by consumers. They rate the benefit for human health and environ-
mental protection to be significantly lower. The risks associated with the applica-
tions are at the forefront for consumers and cause potential advantages to take a 
backseat.  

In this, the reservations against the application of nanomaterials are part of a gen-
eral unease about food additives and all types of modification of food. Specifically, 
the points of criticism are not only limited to toxicological issues but also refer to 
sociocultural aspects. Thus, in a survey of Swiss consumers the fear was voiced 
that the application of nanotechnologies could be associated with a loss of cultural 
heritage surrounding food, eating and lifestyle (cf. TA-SWISS 2006). Therefore, 
they ask for the sufficient declaration or labelling of nanoapplications for foods. 
This, at any rate, is what consumers said in the series of public meetings held by 
the Centre for Technology Assessment in Switzerland, called the TA-Swiss ‘publifo-
cus’, as well as at the consumer committee of the Federal Institute for Risk As-
sessment (BfR) in Germany (BfR 2006). 

On the other hand, research into the risks associated with engineered nanomateri-
als is still in the early stages, with studies generally narrowed down to monodisci-
plinary issues, e.g. aspects of human toxicology relating to inhalative exposure. As 
a general rule, there is currently no interdisciplinary or transdisciplinary approach 
as is required in principle for extensive risk assessment (Risk Commission 2003). 
Likewise, communication of the risks associated with nanotechnologies is still in the 
early stages. It should, however, be an ‘integral component of the entire regulation 
process’ (Risk Commission 2003, p. 15): ‘Communication should provide all inter-
ested citizens with the opportunity to make a personal assessment of the respective 
risks based on the knowledge of the verifiable effects, the remaining uncertainties 
and the reasonable interpretation scope’ (ibid.). 

Instead, most food producers have so far been very guarded and provide only 
minimal and incomplete information, if any at all, on whether engineered nanoma-
terials are already contained in their products and, if so, which ones. Unfortunately, 
only very few industrial players who strive after more transparent risk communica-
tion diverge from this restrictive information politics. 
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It is no wonder, in view of these evident deficits, that some civil society groups 
have increasingly been demanding the substantial containment of nanotechnology 
applications in the food sector recently, going as far as calling for moratoriums. To 
mention just three of the groups that have spoken out: the Canadian Action Group 
on Erosion, Technology and Concentration (ETC) demanded a general ban on 
nanotechnologies as early as 2003;1 Friends of The Earth Europe are calling for at 
least a temporary moratorium on the placing on the market of foods, food packag-
ing, products that come in contact with foods and agrochemicals that contain engi-
neered nanomaterials;2 and finally, in January 2008, the Soil Association in the 
United Kingdom announced that it would no longer certify organic products that 
contain engineered nanomaterials.3  

In this controversial area, TA-SWISS, the Swiss Centre for Technology Assessment, 
commissioned a study from the Öko-Institute e.V. in order to make the debate on 
the application of nanotechnologies in the food sector, which has become increas-
ingly emotional, more objective and to provide scientific input. Stakeholders who 
can make substantial contributions in this context were also invited to participate. 

 

 
 
1  cf. http://www.etcgroup.org/en/issues/nanotechnology.html. 
2  cf. http://www.foeeurope.org/activities/nanotechnology/Documents/Nano_food_report.pdf. 
3  cf. http://www.soilassociation.org/web/sa/saweb.nsf/848d689047cb466780256a6b002. 
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2. Aims and research questions of the study 
The aim of the study is to assess the future prospects of nanotechnologies in the 
food and food packaging sector by using an interdisciplinary approach, and to draw 
attention to relevant opportunities and risks. Based on an analysis of essential 
health, legal, social, economic, ecological and ethical aspects, an integrated overall 
assessment of nanotechnology procedures and products is made as compared with 
potential alternative paths of development. Specific recommendations are derived 
from the overall assessment as to whether and how nanotechnologies in the food 
sector can be implemented and dealt with in a sustainable manner. Thus, the over-
riding measure of value for analysis and recommendations is a guiding principle 
that takes health protection and health promotion, easing the burden on the envi-
ronment, environmental compatibility, economic opportunities as well as sociocul-
tural compatibility into account in an integrated manner.  

The following issues are discussed in detail in this study: 

 How should a manageable definition of nanomaterials in the food sector look 
that would allow the object of the study to be limited to components that are 
of technical origin? 

 What foods and food packaging containing nanotechnology additives can al-
ready be found on the Swiss/international markets? 

 Who are the manufacturers of the nanotechnology additives and the end 
products supplemented with these additives? 

 What (new) properties and functionalities do these products have and what 
are the results so far with these products? 

 What products manipulated with nanotechnology will be available on the 
market in the food sector in the near or medium term? 

 What new properties, functionalities or visions and what health risks can be 
expected for these products? 

 What economic potentials are associated with the nanotechnology products 
in the food sector for the companies concerned? 

 In addition to the economic potential, are there also potential positive eco-
logical effects (e.g. by the substitution of packaging materials that cause 
environmental pollution)? 

 How can the legal framework conditions be assessed with regard to the cer-
tification and marketing of nanotechnology products in the food sector? Are 
there any regulatory gaps that would give rise to concern regarding dangers 
to consumers as well as adverse effects on the environment by nanotech-
nology products? What are the legal requirements and limits of labelling 
nanotechnology products in the food sector? 
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 To what extent can nanotechnology contribute to the satisfaction of con-

sumer needs for natural products as well as more ‘efficient’ or health-
promoting nutrition? What can be learned in this respect from the discussion 
on genetically modified foods? 

 What alternatives exist to satisfy these consumer needs? 

 What influence is nanotechnology expected to have on cultural heritage sur-
rounding food, eating and lifestyle and how desirable is this against the 
backdrop of sustainable development in the food sector? 

 Where in the discussion on nanotechnology can parallels and/or differences 
to the biotechnology debate be seen? What conclusions can be drawn from 
this? 

 What need for action results from an overall assessment of the opportunities 
and risks for research policies and for regulatory framework conditions? 

The results of this study are intended to provide answers to the abovementioned 
research questions and thereby close important knowledge gaps. Furthermore, 
concrete recommendations are derived based on the improved knowledge basis 
that apply especially to risk management and risk communication for nanotechnol-
ogy products and components in the food sector. 

The target audience for the recommendations resulting from the study are deci-
sion-makers, in particular in politics. In addition, the results are also addressed to 
decision-makers from companies involved in the food/packaging sector, and to the 
interested public in general. 
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3. Project structure 
The project structure is shown below (cf. Figure 1). It can be seen from this figure 
that the study essentially consists of three large ‘modules’ that serve to develop 
recommendations. The three modules are: 

 an interdisciplinary analysis (work topics 2-5), 

 a stakeholder consultation (work topics 6-8), and  

 an overall assessment (work topic 9). 

The study is based on a definition of its object. 

 

 
WT 1: Definition of the object of the study 

 
WT 2:  

Analysis of 
product and 

research market 
and aspects of 
technological 

beginnings 

 
WT 3:  

Analysis of 
the legal 
situation 

 
WT 4:  

Analysis of 
relevant 

sociological 
issues 

 
 
 
 

WT 9:  
Overall 

evaluation 

WT 8: Evaluation and consolidation of results of stakeholder questionnaire 

WT 7: Survey of stakeholders 

 
WT 5:  

Analysis of 
the debate on 
genetically 
modified 

foods 

WT 6: Development and testing of stakeholder questionnaire

WT 10: Phrasing of recommendations, and 
implementation of results 

E
xchange of inform

ation w
ith project advisory board 

Figure 1: Illustration of the project structure and overview of the individual 
work topics [WT] 

To begin with, based on the definition of the object of the study, the product and 
research market, legal situation and social issues were analysed in the first module, 
and considered in the light of the debate on biotechnology. The analysis was struc-
tured (e.g. through comprehensive central questions) such that interdisciplinary 
integration could be achieved in the third module.  

To validate the results of this module, a second, empirical module was included. 
This comprised the development of a questionnaire that will subsequently be used 
to survey relevant stakeholders. In particular, use of this questionnaire was in-
tended to address knowledge gaps that could not be closed in the course of analysis 
of the first module.  
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In addition, where applicable, aspects and issues were also incorporated that ap-
peared for the first time during the analysis in the first module and that were con-
sidered significant. After gathering the stakeholders’ expertise, the results were 
analysed and consolidated. 

Finally, the results from the first and second modules were integrated and analysed 
in a third module. This in turn provided the starting point for the formulation of 
recommendations at the end. 

Throughout the project, a group of experts provided constructive criticism and 
advice on the progress of the work and made valuable contributions to the con-
tents. The members of this advisory board are listed in Annex 1. Four meetings 
were organised by the party commissioning the study, in which the project group 
presented interim results and discussed these with the advisory board. 
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4.1 Existing definitions / definition suggestions 

lowing character-

00 nm’); 

 properties and functionalities, in particular 

 definitions and attempts at a definition 

                                                

4. Definition of the object of the study 
There is currently neither a generally accepted and valid definition for nanomateri-
als in general nor for the application of nanomaterials in the food sector in particu-
lar4. The main reason for this is the fact that nanotechnology is a comparatively 
new interdisciplinary technology which is in a dynamic process of development and 
affects a variety of classical disciplines such as physics, chemistry and biology. 

Differentiation is required, however, because there are also nanomaterials of natu-
ral origin. In any case, the issues covered in this study relate to nanomaterials of 
anthropogenic origin. 

Indeed, numerous institutions, organisations and panels are currently participating 
in the process of finding a definition and are submitting the first proposals in this 
regard. Hence, these already available attempts at a definition were first compiled 
in the context of this study and examined with respect to their applicability (cf. 
Chapter 4.1). A definition of ‘nanofoods’ and ‘nanopackaging’ was developed on the 
basis of this for the purposes of the present study (cf. Chapter 4.2) and existing 
borderline cases were discussed (cf. Chapter 4.3). 

Most existing definitions and attempts at a definition share the fol
istics:5 

 Size range (‘less than 1

 Size-specific effects, that is, new
based on a large surface/volume ratio and quantum effects that apply; and 

 Basic approaches to manipulation/construction, i.e. the targeted manipula-
tion and manufacture of nanostructures at the atomic/molecular level using 
a top-down or bottom-up approach. 

 An overview containing a selection of
that were considered relevant for the present study can be found in 
Annex 2. 

 
 
4  This statement reflects the status quo mid of 2008, when the enquiries for this study were made. 

In the meantime, a definition for nano-objects has been released (cf. ISO/TS 27687) 
5  cf. http://www.izew.uni-tuebingen.de/pdf/dossier_nanotechnologie_2007.pdf. 

IP/A/STOA/2009-09 20 PE 424.755

http://www.izew.uni-tuebingen.de/pdf/dossier_nanotechnologie_2007.pdf


Nanotechnology in the Food Sector 
___________________________________________________________________________________ 

 

                                                

We would like to point out in this context that the international standardisation of 
the definition of nanomaterials is under way, particularly at ISO6 and OECD7 level. 
However, no definition of nanomaterials and/or nanoparticles has been adopted 
yet8. 

Of the existing definitions for engineered nanomaterials, we would like to specifi-
cally highlight the proposal by the American Chemistry Council (ACC). In the pro-
ject group’s estimation, this is the most up-to-date and the most comprehensive 
approach so far to the definition of engineered nanomaterials. In addition, aspects 
that were covered in the course of the international standardisation activities at the 
ISO and OECD levels for the definition of nanomaterials have already been incorpo-
rated into this approach. According to the ACC, engineered nanomaterials should be 
defined and delimited as follows: 

‘An Engineered Nanomaterial is any intentionally produced material 
that has a size in 1, 2, or 3-dimensions of typically between 1-100 na-
nometers. 
It is noted that neither 1 nm nor 100 nm is a “bright line” and data 
available for materials outside of this range may be valuable. Buckyballs 
are also included even though they have a size <1nm. 

Exclusions: 

1) Materials that do not have properties that are novel/unique/new com-
pared to the non-nanoscale form of a material of the same composition. 

2) Materials that are soluble in water or in biologically relevant solvents. 
Solubility occurs when the material is surrounded by solvent at the mo-
lecular level. The rate of dissolution is sufficiently fast that size is not a 
factor in determining a toxicological endpoint. 

3) For those particles that have a particle distribution such that exceeds 
the 1-100 nm range (e.g. 50-500 nm) if less than 10% of the distribu-
tion falls between 1-100 nm it may be considered as non Engineered 
Nanomaterial. The 10% level may be on a mass or surface area basis, 
whichever is more inclusive. 

4) Micelles and single polymer molecules. 

Inclusions: 

 Aggregates and agglomerates with size >100 nm if breakdown may oc-
cur creating particles in the 1-100 nm range during the lifecycle.’ 

 
 
6  At the ISO (International Organisation for Standardisation), within TC (Technical Committee) 229, 

the working group on ‘Terminology and Nomenclature’ is dealing with this issue. 
7  At the OECD (Organisation for Economic Collaboration and Development), work on standardisation 

of the definition is located in Work Area One, ‘Identification, Characterisation, Definitions, Termi-
nology and Standards’. 

8  cf. footnote 4 
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4.2 Definition for the present study 

In view of the objectives and research questions (cf. Chapter 2), the analyses of 
the present study were limited to nanotechnological ‘additives’ and ‘components of 
technical origin’ (cf. questions 1 and 2). For this reason, the application of 
nanotechnology procedures in the production of foods and packaging lies outside 
the object of investigation as long as no nanotechnological components and addi-
tives are added and contained in the ready-to-buy product. This does not mean 
that no opportunities or risks are associated with the application of nanotechnology 
methods in agriculture, for instance, but these aspects would go beyond the scope 
of this study and require separate consideration. 

With these considerations in mind, the object of investigation is defined as follows 
for the present study: 

The object of investigation for this study is foods9 and food packaging 
containing engineered nanomaterials at the time of sale or later use. 
In this context, it is insignificant whether the existing nanomaterials are 
deliberately added components or inadvertent contamination. 

With respect to the definition of engineered nanomaterials, we refer back to the 
definition proposal by the American Chemistry Council (ACC) (cf. Chapter 4.1). 

However, if this definition proposal were adopted without change, the problem 
would arise that micelles and nanomaterials that are soluble or dispersible in aque-
ous systems would be excluded from the object of investigation. These substances 
are commonly taken into account in the current debate on nanotechnology in the 
food sector as ‘delivery systems’ (nanotechnology formulations), however, and are 
colloquially also referred to non-specifically as ‘nanocapsules’ (BUND 2008). In the 
knowledge that these are borderline cases (cf. Chapter 4.3), micelles and water-
soluble nanomaterials are expressly incorporated into the object of investigation. 
Therefore, the following distinction is applied within the framework of the present 
study: 

Engineered nanomaterials are substances that were intentionally 
produced and have a size between 1 and 100 nm in one, two, or 
three dimensions. Neither the lower nor the upper size specification con-
stitutes a sharp boundary. Available data outside the range stated are in 
fact considered helpful. Fullerenes are also included although their size 
is below 1 nm. 

Furthermore, aggregates and agglomerates with sizes over 100 nm 
are explicitly included if there is a probability that they can deaggregate 
to particles in the range of 1-100 nm during their lifespan. 

 
 
9  Food definition: Article 3 of the Swiss Federal Law on Food and Articles of Daily Use (Food Act). 
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Also included are micelles and materials that are soluble in water 
or in biological systems. Solubility here means that the material is 
surrounded by the solvent down to the level of its individual molecules. 
The material dissolves fast enough that the size of the particles does not 
represent a determining toxicological endpoint. 

However, materials that have no new properties compared to the non-
nanoscale form of the material with the same material composition are 
excluded. 

Also excluded are particles where the particle size distribution exceeds 
1-100 nm (e.g. amounts to 50-500 nm) and where less than 10% of 
the particles are 1-100 nm in size. The 10% can refer either to the 
mass or to the surface of the particles, depending on which one will in-
clude the larger proportion. 

With the present definition, a broad horizon regarding the issue was very deliber-
ately chosen to begin with. It was then the objective of the study, following an 
initial broad screening process for aspects relevant to health, to focus on those 
materials for which a well-founded fear exists that they can penetrate biological 
cells and/or biological membranes. 

4.3 Discussion of borderline cases 

Micelles and other nanotechnology formulations in particular, which ensure the 
provision of a desired ingredient in a desired bioavailable form, represent borderline 
cases and cases of dispute. Organic compounds are frequently employed as carri-
ers. These carriers are used to dissolve, disperse or modify substances (such as 
additives, enzymes, vitamins, etc.) in order to facilitate and standardise their ma-
nipulation and application during the production and storage of foods. Furthermore, 
carriers are especially relevant if an ingredient is to be added to the food at low 
concentrations only. Carriers include phospholipids and the ring-shaped single 
molecule beta-cyclodextrin. Carbohydrates are frequently used as carriers, for 
example in the formulation of carotenoids. 

In addition to the micelles mentioned above, other outcomes of these formulations 
are liposomes and, when carbohydrates are used, nanocapsules. Conventional 
technologies, some of which have been used in food manufacturing for decades, are 
used for production. These include emulsification and high-pressure homogenisa-
tion, or colloid chemistry methods that are based on the properties of colloids with 
particle sizes in the nanoscale range, for example. The decrease in size of the parti-
cles is often a gradual process. Whether a new functionality emerges has to be re-
examined with each formulation. It is generally true, however, that the technically 
complex and expensive production of very small particles is associated with a useful 
new functionality, usually with improved solubility and/or increased bioavailability 
of the substances transported by the carriers. 

The most important borderline cases are discussed in more detail below. 
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4.3.1 Micelles 

Micelles are single-layer spherical particles measuring 5-100 nm in diameter as a 
rule. They consist of amphiphilic molecules that can accommodate lipoid substances 
in their interior in aqueous systems and that can thereby dissolve insoluble sub-
stances in water (Chen et al. 2006; Weiss et al. 2006). Micelle formation is a spon-
taneous process. These aggregates are soft and flexible and are in a state of dy-
namic exchange with their environment. In this respect, the colloquial term ‘nano-
capsules’ wrongly suggests a rigid object. 

Micellar systems for application in foods have been developed only very recently. 
They are based on polysorbates, which did not gain broad approval as food addi-
tives numbered E432-436 for use in foods until the 1990s. Polysorbates are chemi-
cally synthesised from sorbitol and aliphatic acid. Polyglycerol fatty acid esters are 
also components of micelles and are used e.g. in SunActive Fe, the tasteless formu-
lation of a ferric additive. Polyglycerol fatty acid esters with the high percentage of 
long-chain polyglycerol fatty acid esters in the form used in SunActive, are cur-
rently not approved in the EU.10 

The possibilities they offer for the solubility and bioavailability of liposoluble sub-
stances, such as vitamins, can be considered a new property from a food technol-
ogy point of view. On the other hand, the formation of micelles by means of bile 
salts and phospholipids is also a natural part of digestion; the micelles formed act 
as transport vesicles for cholesterol, liposoluble vitamins, lipids, free fatty acids, 
glycerols, etc. and their resorption into the blood. In terms of size and structure, 
they are very similar to micelles made from polysorbates. Nevertheless, micelles 
were included as an object of investigation in this study due to their new properties 
and their anthropogenic production process. It must also be considered that mi-
celles represent an integral part of the debate on nanotechnology in foods (BUND 
2008; Chen et al. 2006; Schneider 2007; Weiss et al. 2006). 

4.4.2 Liposomes 

Liposomes are formations or droplets that are surrounded by a double layer11 of 
amphiphilic lipids. Lipids used for liposomes include the phospholipid lecithin (E322) 
which is predominantly extracted from soy and is a natural component of biomem-
branes. Liposomes vary in size: most are up to several hundred micrometres but 
they can be reduced in size down to the nanometre range by optimisations in proc-
ess technology (Chen et al. 2006; Weiss et al. 2006).  

 
 
10  For polyglycerol esters of edible fatty acids authorised in the EU (E475), the glycerol portion must 

consist primarily of di-, tri- and tetraglycerol and must not contain more than 10% polyglycerols 
(Directive 98/86/EC of the Commission dated 11 November 1998 to modify Directive 96/77/EC of 
the Commission laying down specific purity criteria on food additives other than colours and sweet-
eners). 

11  Depending on the manufacturing process used, they can also be multilayer. 
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434.4 Micro-encapsulation 

uble compounds such as vitamins, carotenoids, fla-

                                                

This means that liposomes do not automatically fall within the framework of this 
study but must be assessed depending on the emulsifier used and the size of the 
droplets which are contingent on how they are manufactured. The reduction in size 
of liposomes is a gradual process. However, it is generally true that the reactive 
surface is increased with the decrease in size. This has a negative effect on stability 
but can increase bioavailability. This means that a new functionality can be as-
sumed. 

On the other hand, liposomes have scarcely been applied in foods due to their very 
costly manufacturing process. In addition, producing liposomes in nanoscale form 
also reduces their stability. Whether the relevance of nanoscale liposomes in the 
food sector will increase in future cannot be evaluated conclusively at this time. 
Nevertheless, based on their new functionalities, liposomes were included in the 
object of this study for the time being. 

4.3.3 Beta-cyclodextrin 

Beta-cyclodextrin is another carrier for which it is also debatable whether it should 
be classified under the term nanotechnology. It is a ring-shaped molecule consist-
ing of glucose units with a diameter of 1 nm, in whose interior heat-sensitive fla-
vourings, colourance or enzymes can be integrated, which will allow them to with-
stand heat during baking or long storage times. Beta-cyclodextrin is approved as 
additive E459 and cannot be utilised/digested by the organism. It is manufactured 
from starch with the aid of bacterial enzymes. Its nanoscale nature, associated with 
the unique ability to formulate certain substances, is the reason why beta-
cyclodextrin has been included within the investigative framework of this study. 

To encapsulate non-water-sol
vourings and oils and fats, a (nano-)emulsion12 is usually produced, embedded in 
starch, gelatin or the like during a drying step and then usually dried to a powder. 
The oil droplets in the emulsion are usually significantly smaller than 1 000 nm; the 
size of the powder particles is usually larger, in micrometre range. Such formula-
tions were developed many years ago. Thus, for example a US patent on vitamin 
encapsulation dates back to 1956,13 another on the formulation of flavourings to 
1973.14 Carotenoid additives are formulated in such powders, which are used as food 
colourings and as health-promoting ingredients in drinks and food supplements. Here 
too, technological improvements facilitate more refined production. 

 
 
12  In these very fine oil-water emulsions, the fat droplets have a diameter of 50-200 nm. This is 

primarily the result of refined process technology where emulsifiers such as lecithin are used as 
well. According to Sanguansri et al. 2006, the process technologies used include high-pressure ho-
mogenisation, microfluidisation, ultrasound and membrane emulsification and an electrified coaxial 
fluid jet. 

13  cf. US Patent 2756177: ‘Process for making fat-soluble vitamin active powder’. 
14  cf. US Patent 3971852: ‘Process of encapsulating an oil and product produced thereby’. 
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In summary, it can be stated that the technically complex and expensive production 
of nanotechnology formulations by organic carriers is applied in the food sector 
whenever a new functionality also promises advantages. Stabilisation, e.g. against 
oxidation, is one of the most important of these advantages. In addition, the solu-
bility or bioavailability of the substances transported by the carriers can also be 
increased. It may also be possible to change the kinetics of absorption into the 
body. 

These advantages must be regarded as novel particle properties, so that the formu-
lations listed above fall within the investigative scope of this study. In addition, 
they are already a permanent feature in the public debate on nanotechnology in 
foods and should therefore be discussed here as well. 
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5. Analysis of the product and research market; as-
pects of the emergence of technology 
Apart from the definition of the object of investigation, a fundamental work topic of 
this study consisted of demonstrating the status of nanotechnology developments 
in the food sector. By means of an extensive investigation, those products that 
already contain nanocomponents were identified in the food and food packaging 
sector in both the Swiss and global markets.15 

In addition, it was the objective of this analysis, apart from specifying the engi-
neered nanomaterials, also to identify the respective manufacturers, name the 
new functionalities/properties and document experience that has already been 
gained. Because this study focuses on the specific circumstances in Switzerland, the 
investigation of the Swiss market was carried out in greater depth than the corre-
sponding investigation of the global market. 

In order to be able to assess the potential for future applications and products as 
well, the currently available results of nanotechnology research and develop-
ment in the food sector were analysed. In doing so, the new functionalities were 
investigated in depth and the visions and risks, if any, associated with the respec-
tive innovation were examined. 

Another component of this work package was analysis of the economic poten-
tial foreseeable for the manufacturing companies and the suppliers of nanotechnol-
ogy products or components. This is an assessment based on current transaction 
values that were extrapolated against the backdrop of products and applications to 
be expected in the near to medium term. 

In addition to the assessment of the economic potentials, an ecological relevance 
analysis was also performed. An investigation of this nature, especially into food 
packaging with nanocomponents that allow the substitution of packaging materials 
that cause relatively high environmental pollution, such as glass bottles and metal 
cans, is under consideration. 

Furthermore, aspects of new technologies were analysed within this work pack-
age as well, in order to round out the assessment of the technological conse-
quences. 

In this context, the motivations (‘drivers’) for the developments in the food and 
food packaging sector are examined in more detail. 

 
 
15  The market overview given in this section reflects the status quo mid of 2008, when the enquiries 

for this study were made. 
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5.2 Results of the food market research 

It involves only products 

nvestigation, comparatively few products could be identified 

5.1 Procedure and sources of information used 

The investigation for the present work package was set up as a two-stage process. 
First, a broad screening of the entire process chain in food manufacturing and food 
packaging was carried out, with agricultural production, in particular, being exam-
ined with respect to the potential application of nanomaterials. Subsequently, those 
product groups that had turned out to be particularly relevant in the course of the 
screening process were analysed in greater depth. 

In the process, the investigation, both in the screening as well as in the in-depth 
phase, was based primarily in the analysis of secondary sources that were already 
available. It was the objective of the investigation to form hypotheses and/or to 
consolidate existing hypotheses, to widen the horizon regarding the issue, and to 
investigate the empirical research requirements for the stakeholder survey. 

The main sources of information were relevant literature, product databases and 
the websites of the respective manufacturers. In order to secure and deepen the 
(preliminary) results of the analysis of sources, the range of products in the Swiss 
food retail sector was screened in Switzerland. Moreover, the hypotheses formu-
lated were approved in detail by experts. More detail regarding the individual 
sources of information can be found in Annex 3. 

The results of the market research are presented below. 
that are already commercially available to consumers. Products were differentiated 
according to whether they are available on the Swiss market or offered on the 
global market. 

5.2.1 Swiss market 

In the context of the i
for the Swiss market that undoubtedly contain engineered nanomaterials. These are 
foods with additives that can be identified as engineered nanomaterials according to 
the extended definition (cf. Chapter 4.2). The following nanoscale additives are 
available on the Swiss market: 
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Amorphous silicon dioxide 

Amorphous silicon dioxide (SiO2/E551) has been used for decades in powdery foods 
as a separating agent, flow aid (thickening) and anticaking agent (anti-clumping 
agent). Trade names are AEROSIL® 200 F and AEROSIL® 380 F by De-
gussa/Evonik;16 CAB-O-SIL® by Cabot Corporation17 and (hydrophilic) HDK® by 
Wacker.18 Silicon dioxide is approved as an amorphous synthetic silicon dioxide that 
was manufactured either by precipitation from soluble glass or from silane in a 
flame (pyrogenic silicic acid) (Rathjen 2007). The primary particle size is 5 to 
50 nm. However, the particles aggregate promptly (aggregate size 100 nm to 
1 µm) and agglomerate to particles ranging from 1 to 250 µm in size (ECETOC 
2006). These larger agglomerates dissolve in the aqueous environment of the gas-
tro-intestinal tract. This is the reason why E551 comes within the investigative 
framework of this study. 

Due to the hygroscopic19 properties of amorphous silicon dioxide, which can be 
ascribed to the porosity of the aggregates, E551 is used in spices to regulate mois-
ture content; other than that, the particles act as spacers. Their benefit therefore 
consists in the protection of the product and, thanks to improved pourability, easier 
handling (especially improved dosability) by the consumer (Rathjen 2007). 

Amorphous SiO2 was investigated toxicologically20 and is considered as safe (FAO 
1969; WHO 1974). 

Many experts do not consider it necessary to perform another safety assessment 
taking into account the size distribution of the primary particles and aggregates. 
However, experts from the German Federal Institute for Risk Assessment (BfR) 
have expressed reservations: according to Gürtler (2006), re-assessment is re-
quired if SiO2 is applied in the form of novel nanoparticles because the exact particle 
size distribution was not included in the existing toxicological tests. References 
according to which SiO2 nanoparticles can interfere with the functions of the cell 
nucleus (Chen and von Mikecs 2005) are not relevant for amorphous SiO2 taken 
orally (Krug 2008). 

Sample shopping in the Swiss food retail market revealed a variety of spice blends 
and sprinkled spices containing E551 were identified e.g. at Coop, Denner and 
Migros. 

 
 
16  http://www.aerosil.com/aerosil/en/industries/food/ [accessed on 3.9.2007].  
17  http://w1.cabot-corp.com/controller.jsp?entry=market&N=23+4294967122+1000;  

http://www.cabot-
corp.com/cws/businesses.nsf/8969ddd26dc8427385256c2c004dad01/cd726d7fb856ac4a85257089
005b96a7/$FILE/TD-100d.pdf [accessed on 3.9.2007].  

18  http://www.wacker.com/internet/webcache/de_DE/IndApp/Food/Food-Nut_Apps_200507_d.pdf 
[accessed on 18.9.2007]. 

19  This indicates the property of binding ambient moisture (usually in the form of water vapour from 
humidity). 

20  The studies included feeding experiments for 3 months on rats, rabbits, dogs and poultry and long-
term studies for 2 years on rats as well as isolated studies on humans. 
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In response to inquiries by the retailers, the respective suppliers pointed out that 
this was a ‘traditional separating agent’ ‘that has been used in food technology for 
decades’. The majority of suppliers to the Swiss trade describe E551 as microscale 
or microcrystalline (Gubser 2007). This means that it is not classified as a nano-
scale additive by the trade. 

Although the application of amorphous SiO2 in a novel nanoscale structure is defi-
nitely conceivable, experts in the food sector consider it too complex and costly. 
However, the project’s advisory board generally confirmed that re-evaluation is 
required for nanoscale amorphous SiO2. 

Amorphous silicon dioxide is also used as a feedadditive (ECETOC 2006). The addi-
tives E551a21 and E551b22 are also used as separating agents. However, due to the 
properties described above, contamination of the end product (meat, milk, eggs) is 
not expected for this additive. 

Carotenoids 

Carotenoids are used as colourance and as health-promoting ingredients in drinks 
and food supplements; beta-carotene is also used as provitamin A. Carotenoids are 
insoluble in water and sensitive to light and oxidation. To stabilise them, they are 
therefore encapsulated as water-soluble, colloidal particles with a size23 of about 
200 nm and larger in a matrix consisting of additives and sugar. The retail products 
– also called microcapsules – are a powder with particle sizes of 100 to 
500 micrometres. The additives used are film-forming substances such as gelatin, 
casein, modified starch (E1450), emulsifiers (ascorbyl palmitate) and sugar such as 
lactose, fructose, sucrose and dextrins. The fine particle size of the carotenoids 
makes them soluble in water, and also means that a significant amount of carote-
noids can be absorbed in the intestinal tract. For micro-encapsulation, the fine 
distribution of carotenoid particles in powder particles is required. The hollow 
spheres made of gelatin, sucrose and starch can also contain coenzyme Q10, vita-
mins or polyunsaturated fatty acids (End et al. 2007). The formulation described 
was developed decades ago and has been on the market ever since.24 Toxicology 
studies were performed on carotenoids from a variety of origins and in the above-
named formulations, subsequent to which they were classified as safe. For beta-
carotene and lycopene, an acceptable daily intake level is set (ADI value).25 

 
 
21  This involves silicic acid, precipitated and dried; in this process, primary particles in the nanorange 

size are created that aggregate and agglomerate to larger particles, similar to pyrogenic silicic acid. 
22  This involves colloidal silicon dioxide (E551). 
23  Here, the size depends on the relevant carotenoid. 
24  The first such formulations were developed by the Swiss company Hoffmann-la Roche (patent 

CH420822, 1960 ‘Water-dispersible carotenoid preparation’). 
25  The ADI value (Acceptable Daily Intake) quantifies the daily intake quantity of foreign matter in 

foods that a person can consume in the course of his or her life on a daily basis without suffering 
any damage to his or her health. 
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In the safety report on the application of lycopene as a food clouring, the European 
Authority for Food Safety both evaluated lycopene from the fungus Blakeslea tris-
pora and submitted an evaluation of lycopene from tomato extract26. Tests with 
lycopene from a variety of origins were evaluated in the above-described formula-
tions. For the first time, the scientific committee suggested an ADI value of 0.5 mg 
per kilogram of body weight a day for the intake of lycopene (EFSA 2008). 

Up to now, an ADI value of 5 mg per kilogram of body weight has applied for beta-
carotene. The general approval of beta-carotene in a variety of foods is not subject 
to a quantity restriction (specification ‘quantum satis’). As at June 2008, re-
evaluation by the EFSA was still pending, however.  

Worldwide, about 70 companies are involved in the production of carotenoids27 but 
not all of these produce the water-soluble carotenoid additives described above. The 
following manufacturers (in alphabetical order) offer water-soluble carotenoid addi-
tives for foods in powder form, although the list should not be considered complete: 

 Allied Biotech Corporation The Carotenoid Company (Germany) mar-
kets beta-carotene under the trade name ‘Altratene’ (Altratene 1% WSC, Al-
tratene 5% WSC, Altratene 10% WSC, Altratene 10% WSC/N);28 

 BASF (Germany) offers beta-carotene for drinks with Lucarotin 10 CWD O 
(End 2005) and lycopene for food supplements (especially multivitamin tab-
lets) with LycoVit 10% DC29; 

 Chr Hansen (Denmark)30 manufactures low-concentration, water-soluble 
solutions of beta-carotene31; 

 Cognis Group Nutrition & Health manufactures carotenoid additives in 
the context of its ‘Betatene’ product range32; 

 
 
26  At the request of the European Commission, the EFSA is undertaking a reevaluation of all approved 

food additives in the EU. Here, colours are the first group of food additives to be reevaluated  
(http://www.efsa.europa.eu/EFSA/efsa_locale-1178620753824_1178620787676.htm). Until now, 
lycopene from tomato extract has been approved as E160d (Directive 95/45/EC by the Commission 
dated 26 July 1995 on the definition of specific purity criteria for food dyes). 

27  cf. http://www.marketresearch.com/product/display.asp?productid=1560129&xs=r&SID=668 
26550-408197721-464464751&curr=USD&kw=&view=abs. 

28  cf. http://www.altratene.com/Product%20-%20BC%20-%20Powders.html. 
29  cf. http://www.basf.com.mx/humannutrition/pdfs/HNCAR_60_012006.pdf [accessed on 

10.6.2008]. 
30  cf. http://www.mychr-

hansen.com/webapp/wcs/stores/servlet/CategoryDisplay?storeId=10001&langId=-
101&catalogId=10101&categoryId=11903&path=10251,10270,11903. 

31  cf. http://www.mychr-
hansen.com/webapp/wcs/stores/servlet/CategoryDisplay?storeId=10001&langId=-
3&catalogId=10101&categoryId=11903&path=10251,10270,11903 [accessed on 9.6.2008]. 

32  cf. 
http://www.cognis.com/products/Business+Units/Nutrition+and+Health/Our+Products/Product+Ca
talog/ [accessed on 9.6.2008]. 
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 DSM (Netherlands) took over the Vitamins and Fine Chemicals division from 
Roche in 2002, making it the global market leader in the vitamins and caro-
tenoid sector;33 the company offers beta-carotene under the trade names 
‘CaroCare’ and ‘CaroPure’;34 

 Guangzhou Youbao Industry Co. Ltd (China) markets ‘natural beta-
carotene 1% powder, 10% powder’;35 

 LycoRed (UK) manufactures of the products ‘Lyc-O-Beta’ with beta-
carotene 36 and ‘Tomat-O-Red’ with lycopene;37 

 Phytone (USA) produces beta-carotene powder.38 

 We would also like to point out that all the carotenoid additives listed above 
are engineered nanomaterials according to the wider definition selected for 
this study (cf. Chapter 4.2). 

Micelles 

Micelles are used as nanocapsules for Q10, antioxidants and flavourings and other 
fat-soluble substances. Micelles can consist of polysorbate 20 (E432) or polysorbate 
80 (E433) with a diameter of 30 nm. These micelles may contain vitamins, omega-
3 fatty acids, coenzyme Q10, isoflavones, flavonoids, carotenoids, plant extracts, 
essential oils, preservatives, colours or bioactive substances. One manufacturer of 
such micelles is the German company Aquanova GmbH,39 which offers a variety of 
formulations under the product name ‘NovaSOL’.40 miVital is a Swiss manufacturer 
of micelles.41  

 
 
33  cf. http://www.dsm.com/en_US/downloads/invest/annual_report_2007_en.pdf [accessed on 

9.6.2008]. 
34  cf. http://www.dsm.com/en_US/html/dnp/prod_caro_beta.htm [accessed on 9.6.2008]. 
35  cf. http://www.ecvv.com/product/vp542454/China-natural-beta-carotene.html [accessed on 

9.6.2008]. 
36  cf. http://www.lycored.com/web/content/betacarotene-formulations.asp [accessed on 9.6.2008]. 
37  cf. http://www.lycored.com/web/content/lycopene-cwd.asp [accessed on 9.6.2008]. 
38  cf. http://www.phytone.com/carotene.htm [accessed on 9.6.2008]. 
39  cf. http://www.aquanova.de [accessed on 10.7.2007];  

Aquanova owns a range of patents on micelle formulation, including: EP1645267:  
‘Procedure on the manufacture of a concentrated active ingredient as well as active ingredient con-
centration’; WO2007101495: ‘Solubilizates of Preservatives and Method for Producing the Same’; 
for Germany: ‘Solubilisat eines Konservierungsmittels’; US2007148193: Lutein concentrate’; 
DE102005056381: ‘Solubilizate of plant extract that contains active agent, useful as additive for 
e.g. cosmetics, pharmaceuticals and foods, includes water and emulsifier’;  
DE20321405U: ‘Wirkstoffkonzentrate’; EP1768497: ‘Essential Oil and other Substance Solubilized 
Product’; EP1698328: ‘Concentrate of Tocopherol’. 

40  cf. http://www.aquanova.de/index.php?site=index.html&dir=&nav=51 [accessed on 9.6.2008]. 
41  cf. http://www.mivital.ch/; http://www.moneyhouse.ch/u/mivital_ag_CH-320.3.059.904-3.htm 

[accessed on 9.6.2008]. 
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5.2.2 Global market 

used as food supplements in countries 

                                                

Aquanova owns a number of patents on micelle formulation that are used by other 
companies. For example, BASF uses micelles by Aquanova in the product ‘SoluTM 
E 200 Clear’, which is a formulation of vitamin E in polysorbate 20 (E432).42 

At the start of the study, wellness, health and sports drinks of the ‘Actilife’ 
brand (Wellness Freshlife Q10, Wellness Energy Q10, Wellness Balance Q10, Fit 
Q10 with lemon, apple and cherry flavours) were available on the Swiss market. 
These products were distributed by the Migros chain and contained micelles for the 
encapsu-lation of vitamins and Q10 that were manufactured by the Swiss company 
miVital (Schneider 2007). All products named above were labelled ‘MICELLE Q10 
INSIDE’. The micelle substance was listed in the ingredients list; it involves the 
emulsifier E433 (Polysorbate 80). 

However, the products Actilife Fit (item numbers 1220.001 to 1220.003) and Ac-
tilife Wellness (item numbers 1204.040, 042, 044) were removed from the product 
range at Migros at the end of May 2008. According to Migros, this decision was 
made following the conventional marketing considerations and has nothing to do 
with the debate on nanotechnology in foods (Gubser 2008). 

Other carriers 

Other carriers, e.g. beta-cyclodextrin (E459) or liposomes (E322) can also be used 
as nanocapsules. Cyclodextrins (organic carrier molecules for flavourings or, in the 
case of OMEGADRY®, also of omega-3 fatty acids) are manufactured by Wacker.43 
Other manufacturers of beta-cyclodextrin as a food additive include the French 
company Roquette Frères44 and numerous Asian companies such as Shandong 
Xinda Fine Chemical Co. Ltd45 and Zibo Qianhui Fine Chemical Co. Ltd in China.46 

Beyond this, other nanocapsules are also 
outside Switzerland. These involve micelles made of polyglycerol fatty acid ester 
that contain a high percentage of long-chain polyglycerol fatty acid esters.47  

 
 
42  cf. 

http://www.basf.cl/quimicafina/nutricionhumana/fichastecnicas/vitaminas/liposolubles/solu_e200_c
lear.pdf [accessed on 12.3.2008]. 

43  cf. http://www.wacker.com/internet/webcache/de_DE/IndApp/Food/Food-Nut_Apps_200507_d.pdf 
[accessed on 18.9.2007]. 

44  cf. http://www.roquette.com/eng/hfood.htm [accessed on 1.6.2008]. 
45  cf. http://sdxinda.en.tradeatchina.com/company/sdxinda/product.html [accessed on 1.6.2008]. 
46  cf. http://www.sdzbqh.com/Enindex.asp [accessed on 1.6.2008]. 
47  According to Fidler (2003) EP0870435 ‘Mineral Composition’: The polyglycerol esters of fatty acids 

of which constituent is a polyglycerol which contains 70% by weight or more of a polyglycerol hav-
ing a degree of polymerisation of 3 or more are more preferably used. The polyglycerolesters of 
fatty acids of which constituent is a polyglycerol which contains 70% by weight or more of a poly-
glycerol having a degree of polymerisation of 3 to 11 are particularly preferably used. 
(http://v3.espacenet.com/textdoc?DB=EPODOC&IDX=EP0870435&F=0 [accessed on 9.6.2008]). 
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For example, ‘SunActive Fe’™, manufactured by Taiyo Kagaku in Japan, is based 
on micelles made from polyglycerol fatty acid esters of this type (cf. also Chap-
ter 5.3). Ferric pyrophosphate particles are formulated with emulsifiers such that 
the particles remain suspended in liquid products.48 In the EU and Switzerland, 
polyglycine esters produced from edible fatty acids (E475) are approved if the glyc-
erol component consists primarily of di-, tri- and tetraglycerol; in addition, the poly-
glycerol esters must contain less than 10% polyglycerins.49 

The Israeli company NutraLease markets nanoscale, self-assembled liquid struc-
tures (Nano-sized Self-assembled Liquid Structures – NSSL) that act as carriers and 
formulation for coenzyme Q10, lutein, lycopene, phytosterol, vitamin D and vita-
min E.50 According to statements from NutraLease, these additives will be used in 
future in a variety of foods and drinks. The corresponding patent WO03105607 
‘Nano-sized Self-assembled Structured Liquids’51 describes in general how oil- or 
water-soluble capsules are manufactured by means of agents acting on the surface, 
creating micellar structures. The cooking oil ‘Canola Active Oil’ enriched with 
phytosterol, which is made by the Israeli company Shemen Industry Ltd, was based 
on a formulation by NutraLease.52 53 However, the manufacturer no longer lists 
‘Canola Active Oil’ on its website.54 

In addition, manufacturers present dietetic products based on nanotechnology 
formulations of flavourings or nutrients on the world market as nanotechnology 
products. Thus, the diet milkshakes ‘FitLine® Gourmet Shakes’ with the flavours 
Soy Cappuccino, Soy Vanilla, Chocolate, Bourbon Vanilla and Strawberry made by 
FitLine were temporarily advertised with the endorsement ‘with nanotechnology’; 
the product allegedly contains ‘nanotech nutrients’.55 Upon telephone inquiry, PM 
International explained that a special ‘nutrient transport concept’ is involved that 
cannot be described in more detail for reasons of product secrecy. Also available 
online are the diet milkshakes ‘Slim Shake Vanilla’ and ‘Slim Shake Chocolate’, 
made by RBC Life Science, the ‘nanoclusters’ of which incorporate flavourings.56  

 
 
48  cf. http://www.taiyointernational.com/News/News_Detail.asp?nid=10 [accessed on 12.3.2008]. 
49  cf. Directive 98/86/EC by the Commission dated 11 November 1998 to modify Directive 96/77/EC 

by the Commission on the definition of specific purity criteria for other food additives than dyes and 
sweeteners; decree by the EDI on additives permitted for foods (additive decree, ZuV) dated 
23 November 2005 (status on 27 December 2005), AS 2005 6191). 

50  cf. http://www.nutralease.com/index.asp [accessed on 23.7.2007]. 
51  cf. http://v3.espacenet.com/textdoc?DB=EPODOC&IDX=WO03105607&F=0 [accessed on 

1.6.2008]. 
52  cf. http://www.nanotechproject.org/inventories/consumer/browse/products/5013/ [accessed on 

9.6.2008]. 
53  cf. http://www.nutralease.com/c_cooperation.asp [accessed on 9.6.2008]. 
54  cf. http://www.shemenb2b.co.il/English/Default.aspx [accessed on 10.6.2008]. 
55  cf. http://6007222.pm-i.info/pagemain/?action=product&tab=6&p_id=1330&a_id=56 [accessed on 

7.5.2008]. 
56  cf. http://www.rbcla.com/index.php [accessed on 24.7.2007]. 
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The manufacturer did not comment on the exact specification of the nanomaterials 
in these products either. Since no technical laboratory tests to prove the presence 
of nanomaterials in individual products were scheduled as part of this study, it was 
not possible to determine conclusively whether these milkshakes include engi-
neered nanomaterials and if so, what type of materials are involved. 

5.3 Results of the market research on food supplements 

The study on food supplements showed that, in contrast to food additives, the 
manufacturers in this segment actively promote the nanoscale properties of their 
products. 

The nanomaterials used are usually micelles. In any given case, however, it can-
not usually be determined exactly which chemical substances these are made of. 
Both polysorbates and proteins could be involved. In addition, it was not possible 
within the framework of the study to check whether the products identified actually 
contained engineered nanomaterials. 

From a toxicological point of view, there is no reason to fear a high risk potential for 
the micelles if the substances used have been approved as food additives. 

The following table contains a summary of food supplements with nanocomponents 
that are distributed almost exclusively via the Internet, making them available to 
Swiss consumers as well. Since the food supplements market is dynamic, this table 
may not list all products, and certain products may no longer be available, either in 
Switzerland or in general. 

As the product descriptions indicate, these products are foods rather than reme-
dies, since their purpose is solely designed to achieve non-specific improvement of 
wellbeing (cf. also Chapter 6). 
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Table 1: Food supplements promoted with nanotechnology 

Product Product name Specification of 
nanomaterial 

Manufacturer 

Droplets with 
omega-3 fatty acids 
and vitamin E 

FitLine Omega 3 + 
E with NanoSolve® 
technology 

Formulation of fat-
soluble components 

PM International AG 
(Lux); distribution 
in Switzerland: 
Liguma AG 

Droplets with Q10 
and vitamin E 

FitLine Q10 PLUS 
Emusol – with  
NanoSolve® 

Not specified PM International AG 
(Lux); distribution 
in Switzerland: 
Liguma AG 

Small drinking 
bottle with Q10, a 
variety of trace 
elements and vita-
mins 

NovaKur Q10 plus Q10 (the fat-soluble 
coenzyme is water-
soluble for small 
particle sizes)57 

NovaConcept N.E. 
GmbH (D) 

Capsules with  
silicon 

Nanosan nanosilicon Silicon in nanoform Life Light Genera-
tion (D) 

Capsules, ‘Build-up 
compound’ 

Nanovital capsules Not specified Salomed GmbH 
(AT) 

Capsules with sili-
con sol and vita-
mins E and C 

Nano-Life by Carlo 
Thraenhardt 

Silicon sol in nano-
form 

Life Light Genera-
tion Vertriebs GmbH 
(D/Healthy Generat. 
GmbH) 

Powder or solution 
with calcium and 
magnesium 

Nano Ca/Mag sup-
plement 

Ca, Mg58 Mag-I-Cal.com 
(USA) 

Anti-aging capsules lifepak nano Nano-
Encapsulation59 

Pharmanex (USA) 

Various food sup-
plements in tablet 
form 

Artichoke Nano-
clusters; Co-
coacaps; Spirulina 
Nano-clusters 

‘Nanoclusters’ to 
incorporate flavour-
ings: reduced sur-
face tension, in-
creased absorption 

RBC Life Science 
(USA) 

Food supplement 
for athletes in drop-
let form 

C.L.E.A.N. Products ‘Nano-structured 
bio-regulators’ 

SportMedix Inc. 
(USA) 

                                                 
 
57  The nanomaterial used is present in ‘medicinal quality’ according to the manufacturer's information 

and effects a boost in vitality and strengthening of the immune system by increasing resorption. 
58  According to the manufacturer's information, the nanoparticles used have a health-promoting and 

bone-strengthening effect. 
59  According to the manufacturer's information, the nanocontainers used effect an increase in the 

bioavailability of the vitamins/nutrients (improved solubility and resorption). 
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Product Product name Specification of 

nanomaterial 
Manufacturer 

Colloidal silver 
solution; silver 
hydrosol 

Colloidal Silver 
Liquid; MesoSilver; 
Utopia Silver Sup-
plements® Ad-
vanced Colloidal 
Silver; MaatShop™ 
Crystal; Clear Nano 
Silver; Nanoceuti-
cals™ Silver 22 
NanoSil™-10 Sil-
vix3®; Sovereign 
Silver™ 

Silver nanoparticles Skybright Natural 
Health (NZ); Purest 
Colloids Inc. (USA); 
Utopia Silver Sup-
plements; Maat-
Shop™ RBC Life 
Sciences® Inc. 
(USA); Greenwood 
Consumer Products 
(USA); Natural 
Care® Products 
(USA); Natural-
Immunogenics 
Corp. (USA) 

Solutions with 
colloidal copper, 
gold, iridium, palla-
dium, platinum, 
titanium, and zinc 

MesoGold; Meso-
Copper; MesoPlati-
num; MesoPalladi-
um; MesoIridium; 
MesoTitanium; Me-
soZinc 

(Noble) metals, 
each within 
nanoparticles 

Purest Colloids Inc. 
(USA) 

Powder and solu-
tions 

Nano-2 Bio-Sim Nanosized diatoma-
ceous earth 

MaatShop™ (USA) 

Gelatinous solution 
with Q10 and vita-
mins 

Nutri-Nano™ CoQ-
10 3.1x Softgels 

Micelles as carrier 
substance 

Solgar (USA) 

 
Furthermore, until June 2006, food supplements made by the German company 
Neosino Nanotechnologies AG were also available on the market. These involved 
drinking ampoules or capsules containing silicon, calcium and magnesium. Accord-
ing to the manufacturer's information, the elements were present at nanoscale size 
(6-30 nm) and effected a strengthening of the immune system.  

After some heated debate on the nanoscale of the basic materials used and the 
effectiveness of the product, Neosino is no longer distributing the products as food 
supplements. Instead, it currently sells cosmetic products with nanoscale silicon 
dioxide (e.g. skin lotion, scalp care spray and sun protection spray) in its online 
shop.60 

                                                 
 
60  cf. http://shopch.neosino.com. 

IP/A/STOA/2009-09 37 PE 424.755

http://shopch.neosino.com/


STOA - Science and Technology Options Assessment 
___________________________________________________________________________________ 

 

                                                

In the stakeholder survey (cf. Chapter 9), as food supplements NanoSys GmbH 
fluids + consulting: ‘Nano-Argentum’, (silver colloids in water with a particle size 
of 26 nm) and ‘Nano-Aurum’ (gold colloids in water with a particle size of 10 nm) 
were listed.61 As at March 2008, both products are available exclusively on the Inter-
net and can be found in the cosmetics/wellness section. The information on their 
application is kept extremely general: ‘This non-toxicity for humans makes 
nanosilver an alternative in the treatment of any type of affliction and minor ail-
ment’. Even upon telephone inquiries as to how Nano-Argentum and Nano-Aurum 
can be taken, the possibility of oral use was confirmed. However, with such state-
ments, the company is on the borderline since their products are not permitted in 
Switzerland as food supplements (Beer 2008). 

For products that contain nanosilver and nanogold particles, the question of toxico-
logical risk arises very directly. For example, silver nanoparticles are known to have 
a biocidal effect (Hussain et. al 2005), while gold nanoparticles have been proven 
to have catalytic effects (Cortie and van der Lingen 2002). In addition, from a 
nutritional physiology point of view, noble metals such as silver, gold, platinum, 
palladium and iridium are not necessary.62 

In developing countries, however, dietary deficiency can occur for certain micronu-
trients. An increasing number of formulations are being developed that can be 
added to staple foods such as rice or even table salt in order to enrich them with 
the nutrients for which there is a deficiency. Formulations of iron, zinc, vitamin A 
and folic acid take centre stage in this ‘fortification’ of foods. 

The compound SunActive Fe™, made by Taiyo Kagaku (Japan), contains ferric 
pyrophosphate particles that are currently an average of 0.5 µm in size.63 While the 
particle size is well above nanoscale threshold at present, research is aimed at 
considerably reducing the size of the ferric pyrophosphate particles in order to 
increase absorption even further. The enrichment of foods with SunActive Fe™ 
presents third-world countries, in particular, with the opportunity of remedying iron 
deficiency, particularly for susceptible and/or chronically undersupplied segments of 
the population. With this goal in mind, SunActive Fe™ was added to rice in a project 
in the Philippines;64 it has also been used to enrich table salt in projects in Morocco 
and the Ivory Coast (Wegmüller et al. 2003) and is included in drink mixes made by 
Toddler Health.65 

 
 
61  cf. http://www.nanosys.ch. 
62  Aside from the water- and fat-soluble vitamins, only the absorption of the minerals sodium, chlo-

ride, potassium, calcium, phosphorus and magnesium as well as of the trace elements iron, iodine, 
fluorine, zinc, selenium, copper, manganese, chromium and molybdenum is essential (DGE [Ger-
man Nutrition Society], ÖGE [Austrian Nutrition Society], SGE [Swiss Society for Nutrition], SVE 
[Swiss Nutrition Association] 2000). 

63  cf. http://www.taiyointernational.com/News/News_Detail.asp?nid=10 [downloaded on 2.12.2008]. 
64  cf. http://www.sunactivefe.com/News/News_Detail.asp?nid=35. 
65  cf. http://www.toddlerhealth.net/OatVanillia.php (Toddler Health Oat Base – Vanilla); 

http://www.toddlerhealth.net/OatChocolate.php (Toddler Health Oat Base – Chocolate). 
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5.4.1 Swiss market 

aging with nanotechnologically optimised barrier features is 

 features against oxygen, water 

2006; Selke 2007; BMBF 200469). 

                                                

We can expect to see further iron or zinc products based on nanotechnology within 
the next five years. Additional advantages of nanotechnology formulations include 
the fact that the taste and colour of the food are not affected. In addition, produc-
tion is significantly cheaper because smaller quantities of minerals are required 
(Zimmermann 2008). 

The water-soluble carotenoid formulations listed above as food additives can 
also be applied within the framework of food enrichment. Other carotenoids such as 
lutein66 and zeaxanthin67 are offered as ingredients for eye health and as a medica-
tion for specific medical purposes (against age-related macular degeneration and 
cataracts).Zeaxanthin is not licensed in Europe, however. 

5.4 Results of the market research for food packaging 

In contrast to food, where only a few products are available on the market as yet, 
engineered nanomaterials already play a quite significant role in food packaging 
because it is mainly nanocoatings that are used, and these represent one of the 
most advanced nanotechnology applications. The focus of applications that are 
already available can be found in the following functionalities of food packaging 
(Langowski 2006):68 

Barrier effect against gases (especially oxygen and carbon dioxide) as well as water 
vapour and aromatic substances; 

UV protection while preserving transparency in the visual range; 

Improvement of mechanical and thermal properties; and 

Antimicrobial effect. 

All these functionalities aim primarily at extending the shelf life of the foods. 

The following food pack
already being used on the Swiss market: 

Composite films to improve the barrier
vapour and aromatic substances (especially for snacks, potato crisps, sweets 
and baked goods): this involves plastic foils (especially PP but also PET, PA, PE, 
PVC and cellulose) that are covered with a layer of aluminium, aluminium oxide, 
or silicon oxide of about 50 nm thickness by physical vapour deposition (PVD). 
To protect this sensitive layer, the foil is laminated with a sealing foil (Langowski 

 
 
66  cf. e.g. http://www.dsm.com/en_US/html/dnpus/di_lutein_5TG.htm [downloaded on 6.10.2008]. 

68  deral Institute for Risk Assessment 
chnologie_in_materialien_fuer_den_lebensmittel

69  .bmbf.de/pub/nachhaltiges_wirtschaften_inno-ad_umweltforschung.pdf. 

67  cf. e.g. http://www.dsm.com/en_US/html/dnpus/di_zeaxanthin_5TG.htm [downloaded on 
6.10.2008]. 

cf. German Fe
www.bfr.bund.de/cm/232/anwendung_der_nanote
kontakt.pdf. 

cf. http://www
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ve the barrier features of PET bottles against 

Re
tha al into the food, particularly 

t in 2004, there were already as many as 250 different 
packaging materials containing nanocomponents on the market. However, this 
source does not indicate whether this packaging only involves food packaging. 

T bottles with optimised oxygen and carbon dioxide barrier (mainly used 
for beer and fruit juices): to impro
oxygen in particular, they are usually coated with amorphous carbon or silicon 
oxide; in the case of amorphous carbon (Actis process by the French company 
Sidel, Plasma Nano Shield process by the Japanese company Kirin and Mitsubishi 
Shoji Plastics), a barrier layer measuring 20-200 nm (actis) or 20-40 nm 
(Plasma Nano Shield process) is deposited via Plasma Enhanced Chemical Va-
pour Deposition (PECVD) on the inside of the bottle or on the outside (Smartcoat 
process by the Italian company SIPA); for silicon dioxide, also by PECVD, a 40-
100 nm thick layer is created, either on the inside (Glaskin process by the Swed-
ish company Tetra Pak, Plasmax process by the German company KHS Plasmax) 
or on the outside (BestPET process by the German company Krones, Actis Lite 
process by Sidel); another option for improving the barrier properties as well as 
the mechanical properties (rigidity, strength) for PET bottles is a multilayer com-
position of nanoscale phyllosilicate particles that are incorporated into a polyam-
ide matrix and are coextruded on both sides with a PET cover layer; the phyl-
losilicate nanoparticles are typically surface-modified montmorillonite with a 
thickness of 1 nm and a typical diameter of about 1 000 nm; manufacturers of 
the phyllosilicate particles are the American companies Nanocor and Southern 
Clay Products, whose products bearing the trade names ‘Nanomer’ or ‘Cloisite’ 
are processed by numerous companies; for example, Honeywell (USA) and Am-
cor (AUS) process ‘Nanomer’ and polyamide-6 or polymamide-MXD6 to offer a 
composite material for PET bottles and foils, which also has an oxygen catcher, 
under the trade names ‘Aegis OX’ or ‘Bindox’ (Brody 2003; Langowski 2006; 
Nanocor 2005; Selke 2007; SIGPlasmax oJ). 

garding the potential exposure of consumers to nanomaterials, it must be said 
t transfer of nanoparticles from the packaging materi

in the case of the thin inorganic barrier layers that are applied by PECVD (e.g. on 
the inside for PET bottles), cannot be ruled out. The probability depends primarily 
on the layer bonding and the filler; in the event of detachment, nanoparticles with 
dimensions of 10-40 nm times several µm are present. In contrast, the risk of 
crossover for phyllosilicate particles in a polyamide matrix that is provided with two 
PET cover layers via coextrusion is significantly less. The smallest probability of 
crossover into food exists for composite film where the phyllosilicate-polyamide 
matrix is laminated with a cover layer on both sides. Beyond these theoretical con-
siderations, there have been only a few studies of the release of particles from thin 
layers and polymeric matrices and the occurrence of nanoparticles in food, while the 
mechanisms of delamination and release of particles by thin inorganic barrier layers, 
as well as the penetration of particles by polymer melts, remain largely uninvesti-
gated (Langowski 2006). 

5.4.2 Global market 

Selke (2007) assumes tha
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ucts available on the Swiss market, the following food pack-

(e.g. 

 
l and a certain 

tings, plastics and other poly-

 
ense (Selke 2007, ripeSense 2007).70 

                                                

In addition to the prod
aging with nanocomponents is used on the global market: 

 Antimicrobial packaging: the principle of this packaging technology con-
sists in integrating biocidal substances into the packaging materials 
foils) (‘incorporation’) or applying them to the foil surface (‘coating’); antim-
icrobial agents used are either nanoscale silver or zinc oxide; incorporated
agents can diffuse to the surface of the packaging materia
amount will migrate into the product (Boysen 2006; Duong 2005); Japan 
was the first country to manufacture antimicrobial packaging but such pack-
aging materials are now also available in the United States and Europe; for 
example, the English company JR Nanotech manufactures food containers 
that contain nanosilver (JR Nanotech 2007). 

 Packaging with UV protection: to protect the packaged food from oxida-
tion by UV light, nanoscale zinc oxide, magnesium oxide or titanium oxide is 
added to the packaging material; for example, the United States company 
Nanophase Technologies Corporation offers nanoparticular zinc oxide as an 
antimicrobial agent and UV protection for coa
mer systems under the trade name ‘NanoTek’; the German company 
Sachtleben manufactures a UV absorber with nanoparticular titanium dioxide 
(particle size 15 nm) under the trade name ‘HOMBITEC RM 110’, which is 
used in polyolefin-based food foils (Duong 2005; Nanophase 2007; Sachtle-
ben 2007). 

 Packaging with ripeness sensors: in this type of packaging, integrated 
sensors measure the oxygen content on the inside of the packaging, and an 
indicator on the outside changes colour if the product has reached its opti-
mal degree of ripeness. This packaging is manufactured by the New Zealand
company ripeS

 Based on the available information, corresponding products have not yet 
been introduced to the Swiss market. In view of the availability of the 
nanomaterials listed above, and their applications on the global market, we 
assume, however, that their application in food packaging for the Swiss 
market is only a matter of time. 

In spite of the dramatic development of nanotechnologically optimised packaging, 
often called ‘Active Packaging’ or ‘Smart Packaging’, criticism has become in-
creasingly more insistent. With regard to antimicrobial packaging for example, critics 
warn of the unintended cultivation of highly resistant microorganisms, or ‘super-
bugs’. 

 
 
70  cf. http://www.ripesense.com/index.html. 

IP/A/STOA/2009-09 41 PE 424.755

http://www.ripesense.com/index.html


STOA - Science and Technology Options Assessment 
___________________________________________________________________________________ 

 

                                                

We would like to refer at this point to the problem of antibiotic-resistant microbes 
that have developed due to over-frequent and non-specific treatment of minor 
infections with antibiotics and are very difficult to fight. In addition, the criticism is 
raised that antimicrobial packaging leads to manufacturers and consumers develop-
ing a misconceived view of hygiene that could result in the neglect of hygiene as-
pects in manufacture, production and preparation of foods (Duong 2005). 

5.5 Market research results for processing agents and utensils 

We were also able to identify the first products available on the market to be used 
in food processing. However, it was not yet possible in this segment to differentiate 
between the Swiss and global markets with respect to the availability of the prod-
ucts. As with food packaging, food processing uses mainly nanotechnology surface 
coatings, e.g. the coating of process aggregates or other contact surfaces: 

 Non-stick coating for ovens and baking trays: one advancement is 
called ‘Best Skin’ coating; it consists of plasma polymers and represents ef-
fective protection from soiling so that bakeries no longer have to use clean-
ing machines to clean baking trays. It was developed by the Fraunhofer In-
stitute for Manufacturing Engineering and Applied Materials Research in Bre-
men (Germany). Such baking trays are distributed by the German company 
Kempf GmbH (Allgemeine Bäckerzeitung 2006) but also by several other 
smaller suppliers of baking accessories in Germany, e.g. Backtech GmbH71. 
We were unable to identify a corresponding structure of distribution for 
Switzerland. 

 Catalytic deep fryer insets: the product is distributed in the United States 
by the company OilFresh Corporation under the trade name ‘OilFresh 1000’. 
This inset is supposed to prevent the oxidation of fatty acids in gas-operated 
deep fryers by nanoceramic catalytic pellets (Woodrow Wilson database72). 

 Kitchen appliances and utensils with nanosilver coating: in Germany, 
Daewoo offers refrigerators with nanosilver coating.73 There is already a lot 
of kitchenware with nanosilver coating the world over, e.g. cutlery, ladles 
and spatulas by the Chinese company Nano Care Technology Ltd, chopping 
boards by the Korean company A-DO Global Ltd and a teapot coated with 
nanosilver by the Taiwanese company SongSing Nano Technology Co. Ltd 
(Woodrow Wilson database74). 

As a general rule, these products are primarily non-stick coatings where the nano-
materials used are firmly integrated in a matrix. Sufficient matrix stability provided, 
no major toxicological risk is to be expected for such products. 

 
 
71  cf. http://www.bas-backtech.de/cgi-bin/home.pl? [accessed on 28.8.2007]. 
72  Search status: 10.10.2007. 
73  cf. http://www.daewoo-electronics.de/d/pics_products/FRS-2021IAL%20VIPP.pdf. 
74  cf. http://www.nanotechproject.org/inventories/consumer/browse/categories/food_beverage/ 

[accessed on 7.5.2008]. 
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In some cases, products that are promoted with nanotechnology do not refer to the 
addition of engineered nanomaterials. Thus, Miele promotes the dirt-resistant and 
firm surface coating with non-stick properties ‘PerfectClean’ with nanotechnology.75 
This, however, is based on a modification of the chemical properties of the enamel 
surface that can be demonstrated to a depth of several nanometres and that results 
in these good cleaning properties (Luthe 2008).76 

The situation appears different if the coatings steadily release the incorporated 
nanoparticles to achieve the desired functionality. This functionality is employed 
e.g. for nanosilver coatings to better protect machines and equipment from con-
tamination. 

The German Federal Institute for Risk Assessment has conducted an evaluation of 
antimicrobial coating of refrigerator interiors that are based on silver coating.77 
According to this, the effectiveness of the silver coating has not been proven and it 
has not yet been included in the German Veterinary Medical Society’s list78 for the 
food sector. Surface coating with silver compounds offers no additional advantage as 
regards contamination protection. It can neither substitute for cleaning the equip-
ment, nor replace attention to general hygiene rules when dealing with food. 

Amorphous silicon dioxide is furthermore used as a cleaning agent in the 
production of beer, wine, and fruit juices (ECETOC 2006). Colloidal silicic acid 
with a primary particle size of 5-100 nm is used as a flocculant or fining agent.79 
These additives break down turbidity particles by adsorption, or result in colloidal 
flocculation with a component in the wine that surrounds the flocculants and precipi-
tates. Fining agents must be removed completely from the wine later. 

5.6 Results of the study regarding the research and develop-
ment approaches 

Since the researching stakeholders are extremely reserved and sometimes commu-
nicate their research and development approaches inconsistently, only a little us-
able information is available on specific products or procedures. It is therefore not 
yet possible to compile a comprehensive overview of the research and development 
approaches. The following summary thus does not claim to be complete but is 
intended to selectively illuminate several research and development approaches 
that were published and that are considered to be particularly relevant. 

 
 
75  cf. http://www1.miele.de/ch/presse/home_1927.htm [accessed on 27.2.2008]. 
76  cf. patent WO9902463 ‘Temperature and Scratch-Resistant Anti-Sticking Coating’. 
77  cf. http://www.bfr.bund.de/cd/7283 and 

http://www.bfr.bund.de/cm/208/antimikrobielle_innenraumbeschichtung_bei_kuehlschraenken_ist
_ueberfluessig.pdf [both accessed on 7.5.2008]. 

78  This involves the list of disinfectants tested according to the guidelines of the German Veterinary 
Medical Society (DVG) for the food sector and found to be effective. 

79  cf. http://www.colloidalsilica.com [accessed on 10.6.2008]. 
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5.6.1 Agricultural production 

Judging by patent databases,80 engineered nanomaterials provide the opportunity 
especially for plant protection products to improve the stability of the formulations 
and the efficiency of the active substances. 

As with nanocapsules in the food sector, concerns are not related to a potential 
risk from nanoparticles in plant protection products, but instead on the fact that 
nanoformulations can change or increase the effect of the active substance. The 
ETC group (ETC 2004), in their report ‘Down on the Farm – The Impact of Nano-
scale Technologies on Food and Agriculture’ emphasises that it is not currently 
possible to assess conclusively whether nanoformulated pesticides exhibit specific 
changes of properties. However, the report points out that nanoformulated pesti-
cides possess prolonged biological activity and can thereby cause particular stress 
in the workplace as well as specific environmental effects (e.g. damage to beneficial 
insects). 

A variety of pesticide companies describe inventions related to nanoscale products 
in their patents. Here, diverse systems in the micro- and nanometre range have 
been patented. BASF is one of several companies that own a number of patents81 
for pesticides according to which the active ingredient can be solubilized with the 
aid of polymers. The polymer spheres vary in size from the micrometre to the 
nanometre range. Syngenta, on the other hand, relies mainly on polymer formula-
tions in micrometre range (‘Microencapsulation Technologies’).82 

According to information received from public authorities in Germany and Switzer-
land, no nanotechnology applications in the plant protection sector are known so 
far. According to this, there are also currently no approved plant protection prod-
ucts with nanocomponents. It can nevertheless not be ruled out completely that 
certain additives, like the anti-caking agent in foods, are present on the nanoscale 
level. Nanomaterials can be used as additives in plant protection agents and bio-
cides and in formulations. Further investigation was hampered by the fact that the 
formulations of plant protection agents, as a rule, represent a trade secret and 
furthermore that more detailed information cannot be obtained from public authori-
ties. 

In addition, the companies Syngenta and Monsanto were named in the stakeholder 
survey and it was pointed out these were already supposedly marketing plant pro-
tection agents with nanocomponents in Switzerland. These statements, however, 
refer to the ETC report ‘Down on the Farm’ (ETC 2004), in which the Syngenta 
products ‘Primo MAXX’, a growth regulator for golf course turf, as well as ‘Banner 
MAXX’, a fungicide for golf course turf, are described as nanoformulated products. 

 
 
80  Patents offer useful information for plant protection formulations as formulations constitute a trade 

secret and no detailed information is available through e.g. public authorities. 
81  cf. EP1465485 ‘Nanoparticles Comprising A Crop Protection Agent’ (particles of 10-500 nm diame-

ter) and WO/2007/048730 ‘Nanoparticulate active ingredient formulations’; this involves particles 
with a core and shell structure and an average diameter of 50-2000 nm. 

82   cf. http://www.syngenta.com/en/day_in_life/microcaps.aspx. 
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Neither product relates to food production, however. In addition, the nanoformula-
tion can no longer be found on the company's website.83 Monsanto is also men-
tioned, as it was aiming (unsuccessfully) to collaborate with Flamel Technologies to 
further develop nanocapsules called ‘Agsome’ for the plant protection agent 
Roundup; Flamel Technologies no longer mentions ‘Agsome Agrochemical Delivery 
System’ in its advertising but instead offers different nanoformulations, e.g. for 
therapeutic products.84 

Inquiries also revealed that the microemulsions that are currently available on the 
market are relatively efficient already. Therefore, the economic pressure to con-
tinue increasing efficiency of pesticides by even finer, that is, nanoscale emulsions, 
is considered rather low. 

A fertiliser with the trade name ‘megaGreen’ was also listed in the stakeholder 
survey. It involves calcite particles that for the most part are supposed to be 
smaller than 100 nm.85 The particles are produced by ‘tribomechanical activation’ 
which is principally based on mechanical comminution. A special mechanical com-
minution can create particles less than 100 nm in size; normally, particles more 
than 100 nm in size are produced by such ‘micro media milling’ processes, espe-
cially as the particles tend to agglomerate. Ultimately, only technical laboratory 
tests, which were not scheduled as part of this study, would enable us to determine 
conclusively whether the calcite particles are in the 100 nm size range or below. 

5.6.2 Foods 

Research and development approaches in the food industry primarily aim at creat-
ing functionalities on the nanoscale that affect sensory properties such as taste and 
‘mouth feel’ as well as the appearance of foods. 

Other research goals are the modification of technological properties such as ag-
glomeration behaviour, flowability, coatings that create greater consistency, and 
simplified processing; these can also be partially achieved by procedural improve-
ments. A further aim is to optimise the nutritional effect (bioavailability, better shelf 
life of valuable ingredients) (BfEL 2007). Such developments can be documented 
based on patents or patent applications in the following areas: 

 
 
83  cf. http://www.syngentaprofessionalproducts.com/prodrendr/index.asp?Prodid=740; 

http://www.syngentaprofessionalproducts.com/prodrender/index.asp?ProdID=747 [both accessed 
on 26.2.2008]. 

84  cf. http://www.flamel.com/techAndProd/index.shtml [accessed on 26.2.2008]. 
85  cf. http://www.centar-balog.hr/download/Megagreen_DE.pdf [accessed on 27.2.2008]. 
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Coatings: the function of food coatings consists in suppressing the diffusion of 
moisture and oxygen to avoid the loss of flavour and texture. While conventional 
coatings made of lipids, proteins or wax only become effective at a relatively high 
degree of thickness that can sometimes interfere with taste when the food is con-
sumed, nanoscale coatings could offer the advantage that they are not perceptible 
in the mouth and in addition invisible. A much-quoted example for this is the patent 
by Mars Masterfood for coating foods with inorganic materials (SiO2, SiO, MgO, 
CaO, TiO2, ZnO and MnO).86 

This involves coatings of 1-500 nm thickness that can be applied to the entire 
product (including fruits or vegetables) or on parts of it only (e.g. pieces of choco-
late in a biscuit). 

Experts on the advisory board question the technical feasibility of this patent due to 
the production of nanoparticular TiO2 described therein. If nanoscale TiO2 particles 
were produced pyrolytically, foods could not withstand the high production tempera-
ture required. Vacuum production would potentially allow a lower temperature but 
would increase the energy requirements of the production. 

The application of metal oxide nanoparticles as additives must undergo a critical 
appraisal from a toxicological point of view, if the food regulatory approval was not 
conducted explicitly with the nanoscale form. For example, titanium dioxide (E171), 
which in microparticular form is licensed as a colouring agent (white pigment), is 
considered safe and has no set ADI value (Acceptable Daily Intake). There are tests 
that resulted in inflammatory reactions by nanoparticular TiO2 (cf. BUND 2008). The 
feeding study by Wang et al. (2007), however, applied such high doses of TiO2 
nanoparticles that the results are not pertinent for actual products or real conditions 
and that, based on these tests, TiO2 must be classified as non-toxic (Krug 2008). 

Carrier substances: in addition to micelles as nanocapsules, nanocochleates were 
patented by the United States company BioDelivery Science International as carri-
ers for medicinal agents87 that are difficult to solubilize in water or are categorised 
as proteins or peptides, such as vaccines, for example. 

BioDelivery Science International announced that it would also develop nanococh-
leates as nutrient carriers for processed foods.88 Cochleates are multilayer phos-
pholipids; that is, that unlike normal emulsifiers they do not form a monomolecular 
layer but instead they resemble rolled-up paper. The phospholipids used by BioDe-
livery Science International consist of phosphatidylserine, a component of lecithin 
obtained from soy that has ‘GRAS status’ (Generally Regarded as Safe) (Chaudhry 
2007). 

 
 
86  cf. US-Patent 5741505: ‘Edible Products having inorganic coatings’. 
87  cf. US-Patent 6153217: ‘Nanocochleate formulations, process of preparation and method of deliv-

ery of pharmaceutical agents’. 
88  cf. http://www.bdsinternational.com/news/webpr/pdf/9-30-2003%20Processed%20foods.pdf 

[accessed on 23.7.2007]; http://www.biodeliverysciences.com/bioralnutrients.html [accessed on 
12.3.2008]. 
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The application of cochleates in foods, however, is questionable economically since 
a relatively large amount of carrier substance is required in relation to the active 
ingredient (End 2007). 

Encapsulation: apart from the micelles and liposomes mentioned above, other 
possibilities for nano-encapsulation are being studied. The main goal is to formulate 
flavourings and health-promoting active substances without negatively affecting 
texture or mouth feel. The United States patent ‘Multi component controlled release 
system for oral care, food products, nutraceutical, and beverages’89 from 2003 
refers to the encapsulation of flavourings or active substances at the micro or nano 
level. This can be applied in the scheduled scaled release of flavourings so that 
either the flavourings act over a longer period of time, or several flavourings can be 
used to create the effect of a change in flavour during use. Kraft Foods Holdings 
Inc. has a similar patent for the coaxial evaporation of liquids90 that forms multi-
layer micro- and nanodrops from different liquids, where the inner liquid can for 
example contain a flavour or a health-promoting substance. It is uncertain whether 
this technology will really be able to achieve the droplet size of smaller than 100 
nm stated in the patent claims (End 2007). It is not so much the carrier substances 
that are novel in these patents but the processes, which make the carrier sub-
stances even finer. 

Simple thawing: for processed frozen foods, a finer mix (particularly for emul-
sions) can achieve quicker and simpler thawing. A patent by Nestlé91 for example 
refers to a water-in-oil emulsion that allows uniform thawing in the microwave for 
frozen foods by the addition of polysorbates and other micelle-forming substances. 
The microemulsion droplets can have a large range (10-500 nm) with respect to 
their diameter. New here is especially the refined process for homogenising the 
water-in-oil emulsion. 

In addition to the research approaches listed here, popular science publications 
contain a number of particularly persistent additional examples of foods with nano-
components which, upon closer inspection, can be classified more as futuristic or as 
myth. The examples sometimes come from the manufacturers' marketing depart-
ments but now and then they are pure myth. The most prominent ones will be 
described and discussed here, even if some of them do not fall within the scope of 
this study. 

Misassociation: Nestlé has allegedly been doing research for a long time already 
with nanocrystals in ice cream that are designed to improve its consistency (Boe-
ing 2006). Unilever is apparently developing ice cream that contains up to ten 
times less fat (Vogel 2006).  

 
 
89  cf. US2003152629: ‘Multi component controlled release system for oral care, food products, 

nutraceutical, and beverages’. 
90   cf. WO02060275: ‘Production of Capsules and Particles for Improvement of Food Products’. 
91  cf. EP0848912: ‘Micro-emulsion for microwave thawing of foodstuffs’. 
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If this is based on separating agents or emulsifiers that are supposed to achieve 
refining of the crystals, this would have to be declared in the ingredients list. The 
production of fine ice crystals or fine fat crystals to all intents and purposes does 
not represent the generation of engineered nanomaterials in terms of the definition 
selected in this study. They do not involve health risks for the consumer. Instead, 
these are applications which show that improved process technology, in this case, 
an ever finer mix of fat and water, is listed as an example in the debate on 
nanotechnology in the food sector although no engineered nanomaterials were 
added to the products. 

We would like to point out at this point that when asked, Nestlé and Kraft Foods 
vehemently discounted the research approaches listed above. Instead, they af-
firmed that they were currently neither offering products with engineered nanoma-
terials on the market nor developing such products (Bauer 2007; Norton 2007). 

Myth I: Kraft Foods announced several years ago that they were working on devel-
oping ‘interactive’ products. This involved e.g. drinks with nanocapsules that, de-
pending on the microwave frequency selected, get a different colour or flavour, or 
release a certain nutrient (Cientifica 2006). Some articles reported that, in addition 
to microwaves, the drinks would even react to mechanical stimuli such as shaking 
(Vogel 2006). Encapsulations also form the basis for the ‘Tutti Gusti’ pizza that is 
supposed to taste different when heated in the microwave depending on the heat-
ing period/power setting.92 

For shaking drinks as well as for the pizza, the technical feasibility is questionable: 
the energy input while shaking is too low to break open nanocapsules. If a variety 
of capsules were introduced into a drink, several additives – that have not yet been 
approved – would have to be used to stabilise them. These, however, would affect 
the taste (End 2007). 

Even the idea that nanocapsules would release the flavourings selectively at differ-
ent frequencies is highly unlikely because microwaves are quite unspecific with 
regard to their wavelength spectrum. Moreover, due to the high degree of volatility 
of flavourings, it is unlikely that these can be sufficiently well enclosed in capsules 
(End 2007). 

Myth II: ‘nutraceuticals’, which it is claimed respond to the consumer's individual 
nutrient requirements, are another myth. The effect is supposedly achieved by 
nanocapsules that transport the nutrients and antioxidants to certain organs at a 
defined point in time (Cientifica 2006).  

 
 
92  This pizza was mentioned in several newspaper articles, such as in the article ‘Mini-particles in 

food: red milk and Pizza Multi’ in the Süddeutsche Zeitung on 1.11.2006. The idea/vision originates 
from Marita Vollborn and Vlad Georgescu, the authors of the book ‘Die Joghurt-Lüge. Die unappeti-
tlichen Geschäfte der Lebensmittelindustrie’ (The yoghurt lie. The unappetising dealings of the food 
industry), published in Autumn 2006. 
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Combinations of nanocapsules and nanosensors that specifically release nutrients, 
vitamins and other active substances in the body if the nanosensors diagnose a 
corresponding shortage are also being discussed (Boysen 2007). The main point of 
criticism regarding this alleged research approach is that it involves a hybrid made 
of food and medication and that it is questionable whether such a product can 
legally be considered a food product at all. Depositing nanocapsules or nanosensors 
in the body comes under the category of medical intervention and requires approval 
as a medication. Furthermore, such a product does not appear to be technically 
feasible at this time: it is unclear e.g. how the nutraceuticals are supposed to ‘rec-
ognise’ what nutrient shortage is at hand only after they have been consumed, that 
is in the gastrointestinal tract. Furthermore, the nutrient would have to be released 
directly at the mucous membranes for an extended period of time (End 2007). 

5.6.3 Food packaging 

The following research and development approaches are currently established in 
the food packaging sector: 

The EU project ‘SustainPack’ which aims to develop environmentally friendly pack-
aging based on natural fibres (especially wood) so as to replace plastic packag-
ing; phyllosilicate nanoparticles are employed to improve the barrier and mechani-
cal properties; the research network consists of a consortium of 35 research institu-
tions and companies from a total of 13 EU countries and has a budget of 
EUR 36 million (SustainPack 2007, FoodProductionDaily 2007b). 

Antimicrobial nanoparticles for food packaging: this involves zinc oxide and 
magnesium oxide nanoparticles; project at the University of Leeds (UK) (FoodPro-
ductionDaily 2005). 

Nanosensor dye for packaging that can recognise the presence of oxygen, con-
sisting of a TiO2 dispersion, triethanolamine and the indicator methylene blue, 
which are encapsulated in hydroxyethylcellulose (FoodProductionDaily 2006). 

Nanosensors for packaging (Food Monitoring) that can detect spoiled food on the 
basis of the gases arising and/or bacteria (e.g. salmonella) on the food surface 
(Boysen 2007). 

The application of carbon nanotubes (CNT) which are thermoplastically incorpo-
rated into a polyester matrix and provide improved IR absorption and heat conduc-
tion; this allows cycle lengths in stretch blow moulding (production of PET bottles) 
to be reduced (Langowski 2006). 

Packaging with nanoscale barcodes as an anti-counterfeit measure (Boysen 
2006). 
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5.7.1 Swiss market 

of the product and research market shows that there are 

Switzerland than for example in 

and energy drinks95 recorded sales of CHF 79 million on the Swiss market 

                                                

5.7 Results of the analysis of the economic potential for food 

Figures have been published regarding the economic potential of nanotechnologies 
in food, although some are inconsistent. This can be accounted for partly by the 
varying definitions of engineered nanomaterials. Thus, Cientifica (2006) defines 
‘nanofood’ in a very comprehensive manner and, as a result, also includes products 
that have been in contact with nanotechnology methods, even if the finished prod-
ucts no longer contain nanomaterials at the time of sale. 

Another reason is that economic evaluation is also hampered by the fact that nu-
merous products and formulations that are based on colloidal chemistry and have 
been known for several decades are now classified as nanotechnologies. 

The economic potential for nanotechnology applications in the food sector in the 
sources examined is usually rated ‘promising’. However, the present analysis of the 
product and research market cannot confirm this at this time, based on the infor-
mation available at least for the Swiss market. For the global market, on the other 
hand, some segments, such as food additives, offer distinct economic potential. 

The present analysis 
currently very few foods and food additives containing engineered nanomaterials on 
the market. Even the research approaches do not promise a multitude of new prod-
ucts in the short term. Only a few segments of the food and beverage industry 
could be identified where more nanotechnology products are likely to be introduced. 
From an economic point of view, however, these represent niche markets rather 
than the general market: 

Functional Food93 has a smaller market share in 
Germany94 because decidedly more Swiss question the added benefit of these 
products: while 38% of consumers worldwide question the added benefit promised, 
59% of the Swiss population do so. In addition, 42% of the Swiss consumers inter-
viewed find these products too expensive, while only 38% of consumers worldwide 
give the high price as the reason for their rejection (ACNielsen 2008). The current 
volume of sales of functional food products can only be estimated. For example, 
Migros grossed CHF 49.5 million with its ‘Actilife’ line in 2007 (Finanznachrichten 
2008). 

Sports 
in 2005, with energy drinks representing the largest part (ACNielsen 2006). 

 
 
93  Functional food products represent a product segment where nanotechnology applications are 

relevant, such as the addition of nano-encapsulated vitamins such as coenzyme Q10. In future, 
other nano-encapsulated nutrients and active substances can be expected in this segment. 

94  Within the EU, Germany represents one of the biggest markets. 
95  Sports, energy and health drinks are products where, apart from nanoformulated vitamins and 

coenzyme Q10 other nano-encapsulated active substances can be used in future as well. 
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Food supplements or dietetic products that it is claimed contain nanomaterials, are 
frequently and in some cases exclusively available on the Internet. At the same 
time, the online food trade is unusually strong in Switzerland compared to other 
countries. However, the only figures available for Internet shopping are figures for 
‘normal’ foods. 

5.7.2 Global market 

Forecasts with respect to economic potentials were made in the following studies: 

The Cientifica report (2006) estimates the worldwide volume of sales of nanotech-
nologies in the food sector currently to be USD 200 million, with ‘food processing’ 
and ‘food ingredients’ forming half of this figure. It is assumed that these two food 
segments will also be the two most important applications for nanotechnology 
products in 2012; ‘food safety’ will continue to be a very small sector for nanotech-
nology applications however. Altogether, the market for nanotechnologies in the 
food sector is estimated to reach about USD 2.9 billion in 2012. 

Powell, on the other hand, estimates the global market for food with nanocompo-
nents to be USD 7 billion already (in 2006) and assumes a market volume for 2010 
of about USD 20 billion (Powell 2007), but it is unclear whether food packaging is 
included in these figures. 

The present analysis of the product and research market indicates that the global 
market for nanotechnology applications for food additives offers a distinct economic 
potential. Thus, End (2005) estimates the current market volume for carotenoids to 
be more than USD 900 million. A 2005 BCC research report arrives at a figure of 
the same magnitude and estimates the market for carotenoids in 2009 to be more 
than USD 1 billion, with the market for beta-carotene estimated at USD 242 million 
in 2004. 

At Evonik (formerly Degussa), the ‘Aerosil and Silanes’ division generated global 
sales of EUR 502 million in the 2005 financial year.96 It must be noted, however, 
‘Aerosil’ (amorphous silicon dioxide) is not used exclusively as an anti-caking agent 
in foods but has a multitude of other applications. 

Cientifica (2006) considers the ‘Nanotechnology in Food Ingredients/Food Addi-
tives’97 segment to be very significant with great potential for growth. It estimates 
nanotechnology applications in this sector to be USD 100 million for 2006 and 
USD 1.5 billion for 2012. However, it states that the ‘Food Ingredients/Food Addi-
tives’ sector, at less than USD 50 billion, currently makes up only a small portion of 
the total global food market, which is estimated at USD 3 trillion. 

 
 
96  Cf. http://www.degussa.com/degussa/de/unternehmen/unternehmensstruktur/aerosilsilanes. 
97  Definition: ‘This includes all substances that are added to raw ingredients in order to produce food 

for consumption by humans.’ 
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‘Nanotechnology in Food Processing’ according to Cientifica (2006) contains ‘all the 
methods and techniques used to transform raw ingredients into food for consump-
tion by humans, but excludes raw ingredients and additives’. Analysis of the prod-
uct and research market showed that many applications that have indeed recently 
been categorised as nanotechnology; they represent improvements and refine-
ments of process technologies and do not signify the addition of engineered 
nanoparticles and nanomaterials. Economic potential can not be derived from the 
present analysis due to the lack of clarity in the way applications are categorised. 

5.8 Results of the analysis of the economic potential for food 
packaging 

Food packaging accounts for the second largest market share of the global food 
market, besides food processing. According to Cientifica (2006), ‘Active Packag-
ing’98 commands a share of USD 300 billion. Other sources estimate the packaging 
industry volume of sales to be USD 485 billion (Neue Verpackung 2006). 

Nanotechnology applications for food packaging are assessed as having consider-
able overall economic potential in view of the high sales in this sector. Neverthe-
less, the estimates diverge widely here too: 

Cientifica (2006) estimates nanotechnology applications in the ‘Active Packaging’ 
sector to be USD 210 million for 2006, and USD 2.7 billion for 2012. 

The study conducted by Helmut Kaiser Consulting (2004) estimates the global 
market volume of food packaging with nanocomponents to be almost five times as 
high at present (2006) as the study conducted by Cientifica (2006), namely 
USD 980 million. It is assumed that nano food packaging will have a share of about 
25% in the global market by the end of the coming decade. The global market in 
food packaging is estimated to be significantly lower for the same period, namely at 
a present amount of USD 100 billion (cited in FoodProductionDaily 2007a). 

A recent study published by NanoMarkets predicts a market volume in the amount 
of USD 4.7 billion for nanotechnologically optimised food packaging for 2011 
(NanoMarkets 2006). This is twice as high as the corresponding estimate by Cien-
tifica (2006). 

Based on the data to hand and the results of the market analysis, it can be as-
sumed that there is definitely significant economic potential in the sector of 
nanotechnologically optimised food packaging. However, it is not possible to differ-
entiate between the Swiss market and the global market. 

 
 
98  Definition: ‘Packaging material that may interact with the product it contains in order to maintain 

product quality.’ 
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Table 2: Modelling hypotheses for the comparative LCA of nano PET bottles, 

5.9 Results of the ecological relevance analysis 

In addition to analysing economic potential this study investigated which nanopro-
ducts in the food sector could result in environmental relief potential compared to 
conventional products. After completion of screening for the products that are al-
ready available on the market (cf. Chapter 5.2) as well as the research and devel-
opment activities (cf. Chapter5.6), it is assumed that noteworthy environmental 
relief potential exists primarily in the area of food packaging. This potential is as-
sumed specifically for PET bottles with nanotechnologically optimised barrier ef-
fects (cf. Chapter 5.4.1) since these are in a position to replace environmentally 
less favourable packaging materials, such as aluminium cans and one-way glass 
bottles. 

In order to quantify the environmental relief potential of nano PET bottles compared 
to aluminium cans and glass bottles in the course of their entire life cycle, a 
screening Life Cycle Assessment (LCA) was performed for the three objects of 
comparison (‘screening LCA’) following ISO 14040:2006 and ISO 14044:2006. For 
all objects of comparison, the functional unit of the analysis was taken to be 1 000 
drink containers. Furthermore, the following modelling hypotheses were postulated: 

aluminium cans and one-way glass bottles 

 PET bottle Aluminium can Glass bottle 

Content 0.5 litres 0.5 litres 0.5 litres 

Raw material Polyethylene 
terephthalate 
(bottle grade) 

(Primary) alumin-
ium 

Container glass 
(brown) 

Mass 26 g 17 g 375 g 

Transport Not relevant99 Not relevant100 400 km101 

Type of applica-
tion 

Disposable Disposable Disposab e l

Recycling proc-
ess102 

Material (bottle-to-
bottle-recycling 
possible) 

Material (secon-
dary aluminium) 

Material (bottle-
to-bottle recy-
cling) 

Recycling rate103 76% 90% 90% 

                                                 
 
99  The container mass was negligible when modelling the transports since the bottle mass dominates 

the container mass (26 g vs. about 500 g). Consequently, the container mass has little effect on 
the transport capacity. 

100  The container mass was negligible when modelling the transports since the mass of the contents of 
the bottle dominates the container mass (17 g vs. approx. 500 g). Consequently, the container 
mass has little effect on the transport capacity. 

101  A distance of 200 km (lorry) was assumed for each delivery and redistribution (recycling). 
102  For the secondary raw materials produced in recycling, applicable allowances were assumed for 

PET, aluminium and container glass. 
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To obtain the life cycle inventory analysis for the manufacture, transportation and 
recycling of the drink containers examined, the relevant processes were each mod-
elled using the commercial LCA software ‘Umberto’, also drawing on the standard 
life cycle inventory analysis module for this software. Based on the life cycle inven-
tory analysis, an impact assessment was performed for all three objects of com-
parison, using the impact categories104 that are commonly used for LCA studies.  

The LCA showed that nano PET bottles perform significantly better than alu-
minium cans and one-way glass bottles. With reference to the functional unit 
(1 000 drink containers) the following values result for the indicator ‘global warm-
ing potential’ (cf. the following figure): 
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Figure 2: Global warming potential of the container systems nano PET bot-

tle, aluminium can and one-way glass bottle (functional unit: 
1 000 pc.) 

                                                                                                                                               
 

 
103  For the non-recycled remainder, thermal disposal in a waste incinerator (KVA) and an allowance for 

decoupled electricity are assumed. 
104  This involves the effect categories cumulative energy demand (CED), global warming potential 

(GWP), acidification potential (AP), eutrophication potential (EP) and photooxidants creation poten-
tial (POCP). In order to present the results, for reasons of improved clarity and conciseness, how-
ever, only the global warming potential indicator value is addressed. It is shown in units of ‘kg CO2 
equivalents’. 
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It can be seen from this figure that the nano PET bottle creates about a third less 
greenhouse gas than the aluminium can, and as much as 60% less than the glass 
bottle. However, when comparing to glass bottles, it must be considered that these 
are generally used as reusable systems in the beer segment, which is of particular 
relevance for nano PET bottles. In contrast, the glass bottle examined in the con-
text of this study was modelled as a disposable system. According to Detzel et al. 
2004, a reusable glass bottle creates about the same amount of environmental 
pollution as an aluminium can (depending on the haul distance) or slightly less. 
Against this backdrop, from an LCA point of view, the nano PET bottle can be un-
conditionally recommended only for use instead of aluminium cans in beverage 
segments such as beer in which re-use is already well established. In view of the 
relatively high percentage of aluminium cans on the beer market in Switzerland, 
however, there is already considerable cumulative savings potential for this sub-
segment alone. If the consumption of aluminium cans, which in 2003 was deter-
mined to amount to 3 479 tonnes (BAFU 2004) in Switzerland, is taken as a basis, 
the complete substitution of these aluminium cans by nano PET bottles would lead 
to an annual relief of about 10 000 tonnes of CO2 equivalents in terms of 
greenhouse potential. This corresponds approximately to the amount created by 
1 500 Swiss households per year (BAFU 2007). 

Additional positive aspects can result if a barrier-optimised reusable PET bottle can 
be introduced successfully on the market so that even the substitution of reusable 
glass bottles is clearly advantageous from an life cycle perspective. 

Then, to be able to implement the environmental relief potential, it is imperative 
that nano PET bottles be compatible with the established PET recycling infra-
structure. Thus, for example, recycling multilayer PET bottles is apparently associ-
ated with problems due to the nanoparticle polyamide matrix, while plasma coated 
PET bottles allegedly behave like uncoated PET bottles in recycling (PRS oJ). 

The association PRS PET Recycling Switzerland, in its fact sheet ‘System conformity 
PRS barriers’, states: ‘The barrier products used must be tested for food fastness 
and system conformity in recycling’ (PRS 2007). 

System conformity is currently certified for the following PET products only (PRS 
2007): 

Smartcoat, by SIPA; 

Actis Lite, by Sidel; and 

Plasmax, by KHS Plasmax. 

These systems are described in more detail in Chapter 5.4.1. 
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5.10 Aspects of the emergence of technology 

The emergence of technology deals with the development process of technology 
and is based on the cardinal assumption that technical development is always a 
process that a variety of players in society participate in. Due to the intercon-
nectedness of social structures, the theory is held that it is possible, by focusing on 
the process of technology development, to recognise the consequences implicit in 
the respective technology at an early stage: 

‘Whoever wants to competently assess the consequences of new tech-
nologies at present, cannot undertake this without more precise infor-
mation on the social conditions of the production and configuration of 
technical products. For in the organised processes of technology devel-
opment, in the research institutes and industrial laboratories, the pre-
liminary decisions on form and applications of new products are already 
being made and, by implication, for some of the consequences as well. 
The rest of the consequences are caused by institutional conditions and 
cultural patterns of acquisition and handling of the objects in the re-
spective social sectors.’ (Rammert 1993) 

It is also assumed that a new technology does not just appear suddenly but instead 
represents a multi-layer process, from the invention idea to the first prototypes to 
sellable products. 

According to Rammert (1993), three consecutive phases can be observed in the 
process of the emergence of technology: 

The first phase is marked by a pool of several technical ideas, some of which 
have been influenced by prior technical development, innovations and social inter-
ests. 

In the second phase, certain ideas are selected from this pool by a process in 
which certain development approaches, but not others, are selected and advanced, 
by concrete research and development programmes by the state as well as other 
selection mechanisms such as market changes or cultural change. 

The third phase is the actual research, substantiation and social implementation of 
the ideas. 

Rammert emphasises that the emergence of technology does not follow a simple 
logic and that it is not clear from the start who will participate in a defining manner 
in the process of technical development and what his or her result will look like. 
Which one of the numerous stakeholders (researchers, entrepreneurs, the state, 
citizens, consumers, critics, etc.) will decisively shape the process of technology 
development is contingent not only on the market potential but also very much on 
the ability to organise thorough dialogue. Fuchs (2007) qualifies the image of the 
autonomous researcher to the effect by pointing out that the profitability of a tech-
nology is of significant importance due to the dominance of the demands of organ-
ised economic players. Consequently, the power of the various groups of players is 
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w on nanotechnology in the food sector is considered against 

 innovations have already reached the ascertainment 

 particularly relevant players, it is assumed that those companies that 

ther social players also influence the innovation 

unbalanced and researchers will primarily be oriented towards market potential. In 
spite of the dominance of capital in the process of technology development, the 
decision on implementation by a society of a new technology is not exclusively a 
matter of economic interests even for Fuchs (2007) but also a matter of the organ-
ised political interests of the persons immediately affected by the consequences of 
the new technology. 

If the market overvie
the backdrop of Rammert’s phase model of the emergence of technology, it is evi-
dent that some additives that are used at nanoscale level have reached the third 
phase and/or actual market maturity. Instead, the discussion on nanofoods is 
dominated by research and development approaches and mythology that are only 
at the idea pool stage; furthermore, it cannot yet be conclusively evaluated what 
selection mechanisms will be instrumental in influencing the continued process of 
the emergence of technology. 

By contrast, considerably more
phase for food packaging or are already firmly established in the market (e.g. nano 
PET bottles). 

In view of the
develop nanofoods and nanopackaging represent the important drivers in the proc-
ess of the emergence of technology. An essential constraint for this hypothesis is 
the fact that the food market is a saturated or even supersaturated market (Eberle 
et al. 2005). Consequently, the companies are bound to strive to develop innova-
tive products by the application of new procedures in order to obtain a compara-
tive competitive advantage and eventually to increase their specific market share in 
a stagnating market. Innovations in the functional food sector are particularly well-
suited here, as well-funded consumers are expected to be in this segment (cf. also 
Chapter 7). In addition, companies anticipate being able to develop further cost-
saving potential by applying nanotechnology processes, whether by making pro-
duction more efficient production or by optimising logistics chains. The latter aspect 
in particular gives momentum to the development and introduction to the market of 
nanotechnologically optimised packaging materials, as these are normally aimed at 
extending the preservability of the packaged foods and extending their ‘shelf life’ 
(cf. Chapter 5.6.3). Start-up companies that regard ‘shareholder value’ as par-
ticularly important occasionally use the fact that customers currently have positive 
expectations to positively affect their initial public offering by actively promoting the 
nanoaspect, or to increase the market price of their company’s shares. This was 
very clear in the case of ‘Neosino’. 

Apart from companies, however, o
process of nanotechnologies in the food sector. First mention should go to state 
players, who define key parameters for the selection process for certain research 
and development approaches by making funds for research available. At the 
European level, for instance, there is the research group project ‘SustainPack’ which 
aims to develop food packaging based on biogenic raw materials and a research 
volume of EUR 36 million at its disposal (cf. Chapter 5.6.3).  
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Apart from state players, the banking and insurance sector also acts as a sig-
nificant ‘gatekeeper’ for nanotechnology innovations in the food sector, since new 
products can only be developed successfully and introduced into the market if there 
is a sufficient supply of funds as well as adequate insurance protection. In this 
context, the 2004 report by the Swiss reinsurance company SwissRe attracted a lot 
of attention as it found that it was essentially impossible to assess the potential for 
damage by nanotechnologies. However, the report did not differentiate with regard 
to the different areas of application of nanotechnologies. 

SwissRe's misgivings culminated in the conclusion: 

‘The insurance industry is concerned. Not because new damage scenar-
ios appear, as experience shows, in the course of new technological de-
velopments, but because the extent of these potential damages can be 
miscalculated or even not assessed at all … It must be feared that 
nanotechnology will belong to the category of revolutionary risks with 
causally verifyable damage consequence. At this, the potential damages 
can presumably not, or only with the greatest difficulty, be assessed 
with regard to their magnitude and space/time. From a risk and actuarial 
point of view, nanotechnology is truly novel due to the latency of poten-
tial serial and cumulative damages that are caused by new properties 
and therewith by the different behaviour of products produced by 
nanotechnology.’ (SwissRe 2004) 

In view of such an evaluation on the part of professional risk assessment, it cannot 
be ruled out that there will be a sweeping upset of the currently rather positive 
opinion in the general public as soon as the first negative headlines occur. The 
consumers, being the persons directly affected, thus represent a central, impor-
tant, stakeholder group, perhaps even the most important group, in the process of 
the emergence of nanotechnology in the food sector. The consumers' scope of 
influence is examined and enlarged upon from a variety of aspects in Chapters 7 
and 8. 

5.11 Interim result 

The analysis of the product and research market came to the conclusion that there 
are currently only relatively few nanoscale food additives available in Switzerland, 
or foods furnished with such components. These are additives such as silicon diox-
ide (E551), carotenoids (E160) and micelles (E432 and E433). These food additives 
are substances that have been produced for many years already and that were 
already subjected to toxicological evaluation during their assessment. They were 
investigated in the context of this study especially on the basis of the extended 
definition range.  
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trients, and additives, but 
ova or miVital. In contrast, the 

nanoc nies 
such ging 
marke  in 
the fo gi-
neere ime 
alread this 
stage

For fo on-
sume e in 
direct yet 
been 

In an ation currently available to the public on 

 food and food additives. 

With regard to the economic potentials of nanotechnology innovations in the food 
, it is established that this segment involves a market 

There are already significantly more products containing nanocomponents available 
on the market for food packaging, especially for foil packaging and PET bottles. 
With these, the nanotechnology component consists of a nanotechnologically modi-
fied membrane which is supposed to achieve clearly improved barrier properties in 
relation to gases and flavourings and thus ultimately improve the shelf life of the 
packaged foods.  

The manufacturers and developers of nanomaterials for application in food are the 
established vendors of carotenoids, vitamins and other nu
also specialised (start-up) companies such as Aquan

omponent in food packaging is produced mainly by specialised compa
as Nanocor and is processed by players who are established on the packa
t such as Amcor, KHS Plasmax and Honeywell. Although nanotechnology
od sector has only been discussed for a short time, some foods with en
d nanocomponents have been on the market for a considerable length of t
y, and no clearly attributable negative experiences have been reported at 

. 

od packaging, there is an elevated exposure risk to nanomaterials for c
rs in any given case, depending on whether or not the packaged foods ar
 contact with the nanomaterials. However, no specific problems have as 
reported here either. 

alysing the small amount of inform
research and development approaches, it must be assumed that business activities 
relating to food are focused primarily on the direction in which food supplements are 
developing. However, according to current knowledge, interactive food and 
nutraceuticals come into the category of ‘myth’. On the other hand, in the food 
packaging sector, research on UV protection, protection from microbial contamina-
tion and sensor systems seems to be the focus. It can generally be stated that the 
research and development process for food packaging is clearly further advanced 
than for

and food packaging sector
with billions in sales in the medium to long term, with the predicted sales most 
likely being generated primarily in food packaging at first. Furthermore, the en-
richment of food with nanoscale supplements (e.g. iron) in regions with correspond-
ing dietary deficiencies could in future generate a health benefit that is associated 
with great economic potential. Even if this potential will emerge primarily in coun-
tries outside Switzerland, these are markets that can also be served from Switzer-
land. It is not possible, however, to make solid quantitative statements on the 
economic potentials for Swiss companies, at this time. 
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ence of technology showed that (specialised) companies are the 

In addition to the economic potentials, positive ecological effects can also ensue in 
a given case especially for food packaging. We were able to show by means of an 
orientating life cycle assessment that, for example, climate-damaging emissions in 
the order of 10 000 tonnes can be saved by replacing aluminium drink cans with 
nanotechnologically optimised PET bottles in Switzerland alone. The study of as-
pects of the emerg
major drivers for the development of food and food packaging with nanocompo-
nents. Of particular interest to these players is the opportunity to develop new 
products by innovations in nanotechnology, in a saturated market, and thus in-
crease their own market share in a segment such as functional foods, where poten-
tial customers have plenty of funds. Add to this also the possibility of optimising 
logistics processes by means of nanotechnologically improved packaging and thus 
developing cost savings potentials. Other important drivers identified in the process 
of the emergence of technology were state players with their research programmes, 
the banking and insurance sector and consumers.  
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nts, processing agents and 
packaging were examined but not occupational safety and environmental protection 
regulations that must be observed in the production of food or packaging. 

The legal situation is shown in an abstract manner and explained on the basis of 
two examples of nanomaterials that are already available on the market or are just 
about to be launched on the market. 

The result of this work topic is the determination of regulatory gaps and weak 
points in the certification and marketing of food ingredients, food additives and 
processing agents as well as food packaging that contains nanomaterials (answer to 
question 9). 

The most important Swiss food legislations relating to food that was examined in 
this study in respect of applicability to nanomaterials in the food and packaging 
sector was: 

 the Swiss federal law on food (Foodstuffs Act [LMG]);106 

 the Regulation on Food and Articles of Daily Use (Food Regulation [LGV])107 
and the Regulation on Utensils;108 

 the federal law on protection from dangerous substances and preparations 
(Chemicals Act [ChemG]);109 

 the Regulation on protection from dangerous substances and preparations 
(Chemicals Regulation [ChemV]);110 

                                                

 

6. Analysis of the legal situation in the certification 
and labelling of nanomaterials 
This work topic aims at examining the current legal situation105 in terms of Swiss 
food legislation on the certification and labelling of nanomaterials as food ingredi-
ents, additives or processing agents as well as in the application of nanomaterials in 
food packaging. The regulatory gaps or weak spots identified in the licensing in-
struments during this process, as well as the substantive requirements on the in-
vestigation, monitoring and communication of nanospecific risks for consumer 
health, are discussed and proposed solutions are developed and evaluated. These 
are listed in the final recommendations in Chapter 11. 

Regarding the method, the legal analysis is focused on the legal situation according 
to Swiss federal legislation. Regulations for food ingredie

 
 
105  The overview of the legal situation reflects the status quo mid 2008, when the enquiries for this 

study were made. 
106  9.10.1992 (as of 20.6.2006), SR 817.00; AS 1995 1469. 
107   23.11.2005 (as of 12.12.2006); SR 817.02, AS 2005 5451. 
108   23.11.2005 (as of 12.12.2006); SR 817.023.21, AS 2005 6363. 
109  15.12.2000 (as of 13.6.2006); SR 813.1, AS 2004 4763. 
110  18.5.2005 (as of 1.5.2007), SR 813.11, AS 2005 2721. 
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 the Regulation on additives permissible in food (Additives Regulation 

[ZuV]);111 

l or physiologically beneficial sub-

 the Regulation on foreign substances and ingredients in food;112 

 the Regulation on the addition of essentia
stances to food;113 

 the Regulation on special food;114 and 

 the Regulation on the labelling and advertising of food (Food Labelling Regu-
lation) [LKV].115 

 
It must be recorded as the result of the market analysis in Chapter 0 that specific 
applications of nanotechnology in the food sector are currently on the market for 
additives and special foods (food supplements) as well as in the food packaging 
sector. For that reason, one focus of the legal analysis so far and of the subsequent 
account is also on the rules for these fields of application. 

6.1 Swiss chemicals legislation 

ions, including engineered nanomaterials, in 

andatory registration and approval by the REACH regulation. REACH 

)(a) REACH). Substances in food, packaging and utensils are tested 

Since 1 June 2007, the Chemicals Act REACH (EC) 1907/2006 has applied for the 
approval of substances and preparat
the European Community. 

Substances that are used exclusively in food according to Regulation (EC) No 
178/2002, including food additives and flavourings (Article 2(5)(b) REACH) are not 
subject to m
has only limited applicability to final applications in materials that come into contact 
with food (that is, food packaging and certain utensils), as the material safety 
report does not need to consider the risk for human health for these substances 
(Article 14(5
and approved according to special regulations. 

                                                 
 
111  FDHA Regulation on additives permissible in food (Additives Regulation, ZuV) of 23.11.2005 (as of 

27.12.2005), AS 2005 6191. The regulation has been revised but has not yet been published in the 

112   foreign substances and ingredients in food (Foreign Substances and Ingredi-
 1995 2893. 

 beneficial substances to food of 

2.104, AS 2005 5451. 

9. 

Official Journal. 

FDHA Regulation on
ents Regulation, FIV) of 26.6.1995 (as of 10.10.2006), AS

113  FDHA Regulation on the addition of essential or physiologically
23.11.2005 (as of 27.12.2005), AS 2005 6345. 

114  FDHA Regulation on special food of 23.11.2005, SR 817.02
115  23.11.2005 (as of 12.12.2006), SR 817.02, AS 2005 615
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H for food additives or packaging materials cannot be applied. 
 be used in 

ilable 

ls, the REACH provision contains some regulations that 
y to nanomaterials but this is under 
old for the registration of ‘phase-in’ 

itable nanospecific methods for hazard and risk analysis as 
ell as the question whether engineered nanomaterials are treated as ‘non phase-

ood according to Article 3 
of the Foodstuffs Act (that is, food ingredients and food additives) that are intended 

the scope of the Chemicals Regulation117 

tances – including engineered nanomaterials – require 

itives in nanoscale form. The Addi-
tives Regulation regulates the additives permissible in foods in Switzerland, their 
permitted applications and maximum values as well as the corresponding declara-
tion regulations. 

                                                

As a consequence of the limited area of application of REACH, the risk management 
instruments of REAC
However, even for nanomaterials covered by REACH (and that could also
food, for instance), there would only be a limited amount of information ava
with respect to the hazard and risk assessment for example. In spite of its general 
applicability to nanomateria
have thus far not been fine-tuned specificall
discussion. These include the quantity thresh
substances which is currently more than 1 tonne a year per manufacturer or pro-
ducer, the absence of su
w
in’ substances (new substances) in principle. In addition, there are proposals to 
make the nanoscale form of substances ‘visible’, e.g. by changing the CAS classifi-
cation of substances in nanoscale form by adding a supplement that contains in-
formation on particle size.116 

In Swiss legislation relating to chemicals, as with REACH, f

for the end consumer, are excluded from 
(Article 1(5)(c) ChemV).118 

To the extent that the substances are subject to the Chemicals Regulation, there is 
a difference compared to REACH regarding the registration threshold. Thus, in 
contrast to REACH, new subs
registration in Switzerland starting from an annual production of at least 10 kg 
(Article 17(1)(b) ChemV). 

6.2 Food additives 

6.2.1 Substantive requirements 

The following substantive requirements of the Additives Regulation119 must be 
examined for the placing on the market of add

 
 
116  cf. Führ/Hermann et. al. (2008): Rechtsgutachten Nanotechnologien, p. 44; Franco et al. 2007. 

118  

n/publikation/00070/index.html?lang=en. 

]) of 

117  cf. the reference in footnote 106. 

In Switzerland, the national regulations on chemicals were not adapted to those of the European 
Union until 2005, with the Chemicals Act and the PARCHEM Regulation. Another adaptation to 
REACH is currently under discussion. For a comparison of Swiss and EU chemicals law cf. BAFU 
(2007) Impact of REACH on Switzerland.  
Switzerland's options to act, and consequences for the environment, health and the economy. 
Summary. http://www.bafu.admin.ch/publikatione

119  cf. the FDHA Regulation on additives permissible in food (Additives Regulation [ZuV
23.11.2005 (as of 27.12.2005), AS 2005 6191. 
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ences or are formed in them by chemical or biological 

r treatment etc.; and 

n the market of additives, manufacturers can only use 
those additives in food that are expressly permitted in the Regulation. It is forbid-

ances. If an additive is not on the list, the manufacturer 
o have the additive approved (cf. Chapter 6.2.2). 

the time of approval are listed in Article 2(2) 

lly and technically more workable methods; 

 that the suggested dose is harmless for the user, that is, consumption at the 
concentrations used does not pose a health risk even in the long term (the 
applicant must submit documents for analysis to prove this); 

 will not mislead consumers; that is, by the addition 
s 

The ed with E numbers is contained in Annex 1 
Add

Definition of additives 

Additives according to Article 2(l) Food Regulation are substances which: 

are intentionally added to food for technological or sensory reasons, directly or 
indirectly, with or without nutritive value, and that remain fully or partially in 
these foods either in their original form or in the form of reaction products; or 

are added to a food in order to give it a certain smell or taste (flavourings). 

Not counted as additives are: 

Foreign substances according to Article 2(m) Food Regulation that can enter into 
food: 

 during extraction, production and preparation, such as plant protection 
products, biocides or animal medications, or 

 by environmental influ
processes such as chlorinated hydrocarbons, heavy metals, radioactive nu-
clides, nitrosamines or mycotoxins; 

 Substances listed in Article 1(6) Additive Regulation, such as substances 
used in drinking wate

 Processing agents. 

Requirements on additives and the ‘positive list principle’ 

According to the ‘positive list principle’ that is applied as per Article 1 Additives 
Regulation to the placing o

den to use unlisted subst
can follow an approval procedure t

The requirements for additives at 
Additives Regulation, according to which it must be proven: 

 that there is sufficient technical or organoleptic need for the application of 
the additive, that is, a food or a product cannot be manufactured without 
the substance, and that it is impossible to achieve the desired goal by other 
economica

 that use of the additives
of the substance, the food must not convey the impression of propertie
which, according to objective assessment, it does not have. 

 list of authorised additives furnish
itives Regulation and includes the following categories of additives: 
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As es 
in Swit-

terms of the broad definition of this study. 

the regulatory approval practice also determines admissibility. When, for example, 

ed with the second requirement 

lar importance especially for nanoscale 
. Of major importance for the approval 

 Additives Regulation. Especially 
ady been approved, it will not be possible to transfer the 

assessment of harmlessness and the respective threshold values to the nanoscale 

certain quantity limit. 

ad consumers. 

lly appli-
cable to nanomaterials in the food sector. 

 colourance, 

 preservatives and antioxidants, 

 sweeteners, and 

 other additives. 

 was determined in Chapter 5, from this list of additives in Annex 1 Additiv
Regulation, amorphous silicon dioxide (E551) and carotenoids are available 
zerland in nanoscale form – in 

With respect to the application of nanomaterials as additives, the first two require-
ments in Article 2(2) Additives Regulation will be examined in more detail, whereby 

does a ‘sufficient technical or organoleptic need’ exist for the approval of nanoma-
terials as additives? This question is closely associat
that the functionality of an additive in nanoscale form should not also be achievable 
by other economically and technically workable methods. The examination of alter-
natives laid out here should be of particu
additives whose harmlessness is questioned
practice of nanomaterials as additives is the proof of harmlessness of the additive 
addressed in the second bullet point of Article 2(2)
for additives that have alre

form of the additive automatically. 

In general, the problem that arises for the positive list in Annex 1 Additives Regula-
tion that the description of the additives already approved according to the Addi-
tives Regulation describes these additives with their substance names without 
referring to their particle size. Particle size is specified in more detail only for cellu-
lose (E460) as ‘microcrystalline cellulose’ which is used as a filler and a separating 
and thickening agent. Therefore, it is permissible to use substances already listed in 
Annex 1 Additives Regulation as nano- or macroscale additives in food. 

Admissibility of additives in compliance with ‘Good Manufacturing Practices’ 

In the application list in Annex 7 Additives Regulation, the additives are listed 
for certain foods that are permitted upon compliance with Good Manufacturing 
Practices (GMPs) or the use of which is only permitted up to a 
GMPs mean that the type and quantity of the respective additives can be selected 
according to the formula for corresponding quality products in accordance with 
common practice in the sector. The amount added should not be larger than the 
amount required to achieve the desired effect. It must not misle
GMPs and the quantity limits for additives in food are listed according to the Addi-
tives Regulation in terms of the weight of an additive (g or mg as a rule) per kilo-
gram or per litre of food. 

In the event that approved additives are used, or for new approvals, the ‘dose-
effect relationship’ underlying the quantity limit should not be automatica
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ent knowledge of substances in nanoscale form – in particular 

relationship and the resultant characteristics 
for the macro form do not appear to be 

in nanoscale magnitudes of the same substances.120 

. Carriers 

marks listed above should be considered. 

aragraph 2 
in Article 5 Additives Regulation, the specific purity criteria for additives specified in 

 

In view of the pres
the greatly changed surface-to-volume 
– the dose-effect relationships determined 
transferable 1:1 to certa

Additive formulation 

Lastly, apart from additives, additive formulation are also permitted for use in food 
(Article 4 Additives Regulation). Additive formulation are additives with their re-
spective carriers and carrier solvents (Article 4(1) Additives Regulation)
and carrier solvents, in turn, are substances (Article 4(2) Additives Regulation) 
which: 

 are used to dissolve, dilute, disperse, or in any other way physically modify 
an additive and thereby facilitate its manipulation, use or application; 

 do not change the technological function of the additive; 

 do not cause any technological or sensory effect in the end product; and  

 do not significantly change the composition of the end product.121 

The additive formulation can be used in food only in combination with the carriers 
and carrier solvents listed in Annex 5 Additives Regulation and subject to the appli-
cation restrictions in food listed therein (Article 4(3) Additives Regulation). The 
restrictions listed in Annex 5 for certain substances base their restriction criteria on 
GMPs or on quantity limits, so the re

Purity specifications 

According to Article 5 Additives Regulation, additives must adhere to purity speci-
fications so they do not contain any organic and inorganic compounds, particularly 
heavy metals that are hazardous to health. 

These requirements are substantiated by the Federal Office of Public Health (FOPH) 
in the form of technical standards. Furthermore, according to the new p

the EU and listed in Annex 8 Additives Regulation, also apply to Switzerland.

                                                 
 
120  cf. SCENHIR 2006, p. 34: ‘…the safety evaluation of nanoparticles and nanostructures cannot rely 

on the toxicological and ecotoxicological profile of the bulk material that has been historically de-
termined.’ 

121  Foreign substances that inadvertently enter into food during treatment, extraction, storage or by 
environmental influences, such as plant protection agents, animal medications, poisonous mould 
fungi, heavy metals or radioactive nuclides, must be distinguished from additives. Likewise, proc-
essing agents (e.g. certain enzymes or clarifiers
cal reasons (e.g. vitamins and minerals) must b

) and materials added for nutritional or physiologi-
e distinguished from additives. 

IP/A/STOA/2009-09 66 PE 424.755



Nanotechnology in the Food Sector 
___________________________________________________________________________________ 

 

ls, on 
account of their high chemical reactivity and particularly large specific particle sur-

idative stress responses in tissues. Regarding the purity re-

arket access control 

 inter-
itive list. 

PH 
the 

 the 
amounts used. The manufacturer or importer of such additives must report them to 

nce to the definitive EU regulations for placing it on the market 

rom the body requesting that the addi-

la and 
specification of the additive to be divulged by the body requesting that the additive 
be put on the market will also allow conclusions to be made regarding the use of 
nanomaterials. 

With regard to potential nanotechnology characteristics, there is a requirement for 
examination and amendment regarding the purity criteria listed in Annex 8 as well 
as for the purity specifications in the technical standards. In the event of contami-
nation by reactive metals such as iron, it must be assumed that nanomateria

face, can promote ox
quirements, it should also be noted that certain lipophilic components such as phy-
tosterols or phytostanols, which are used in cholesterol-reducing functional foods, 
can also act as carrier systems for heavy metals or other environmental toxins and 
can thus lead to poisoning.122 

6.2.2 M

In Switzerland, the FOPH is responsible for assessing the substantive requirements 
for additives (see previous chapter). This agency rates additives according to
national guidelines and, where appropriate, adds them to the pos

If an additive is not contained in an annex to the Additives Regulation, the FO
can approve additional additives, at a reasonable request, until the annexes of 
Additives Regulation are amended, and can specify their maximum quantity for 
individual foods (Article 2 Additives Regulation). To do so, the requirements of 
Article 2(2) Additives Regulation must be met (see above).123 

In order to break down technical trade barriers between the EU and Switzerland, an 
approval is, however, not required for the application of new or already approved 
additives if these can legally be put on the market in the European Union in

the FOPH with refere
(notification), divulging the formula and specification of the additive. It is then up 
to the FOPH to decide whether the additive is to be approved in Switzerland. Notifi-
cation will merely transfer the duty to act f
tive be put on the market to the FOPH. 

However, since this applies particularly to new applications of new additives, it 
could also become increasingly relevant for nanoscale additives. 

It should be of great importance in this context to what extent the formu

                                                 

cf. Meisterernst (2006), p. 146, 148. 

Provisional individual approvals for additives are published on the FOPH website, see: 
www.bag.admin.ch/verbrau/lebensmi/lmrecht/d/index.htm. 

 
122  
123  
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6.2.3 Interim result 

The analysis of substantive requirements and market access control in view of the 
use of nanomaterials as additives gives the following picture: 

 The description of additives already approved according to the Additives 
Regulation in Annex 1 Additives Regulation names the additives by their 
substance names without referring to their particle size. The only particle 
size specified in more detail is for cellulose (E460), as ‘microcrystalline cellu-
lose’, which is used as a filler, separating and thickening agent. 

 An ingredient (substance) that is already approved in its macroscale form in 
lation may be used without a further, nanospecific, 
g undertaken. In this respect, there is no legal clari-

ever, re-

tial or physiologically beneficial substances 
to food  regulates the enrichment of food e.g. with vitamins or minerals as well as 

on that applies but 

Annex 1 Additives Regu
harmlessness study bein
fication as to whether the positive list of the Additives Regulation should ap-
ply to both macro- and nanoscale additives. If the ingredient (substance) is 
to be used in any other than the currently approved application, how
approval is required but to do so, the testing, measuring and assessment 
methods for ingredients must be adapted to apply to nanotechnology. 

 The substantive requirements of the Additives Regulation, e.g. compliance 
with GMPs and the quantity limits for additives in food etc. do not contain 
any nanospecific regulation elements. 

 The technical standards for purity requirements should also be examined 
and, if necessary, adapted with regard to nanospecific issues. This is true 
especially for reactive metals such as iron and for certain lipophilic compo-
nents such as phytosterols and phytostanols. 

6.3 Addition of essential or physiologically beneficial sub-
stances 

The Regulation on the addition of essen
124

their labelling and advertising (Article 1(1) Regulation). If the above-named sub-
stances are added to the food as additives, it is not the Regulati
the Additives Regulation as per Article 1(2) (see Chapter 6.2). 

                                                 
 

 food of 
gulation). 

124   FDHA Regulation on the addition of essential or physiologically beneficial substances to
23.11.2005 (as of 27.12.2005), AS 2005 6345 (hereinafter: Re
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uirements 

lation – ‘positive list 

6.3.1 Substantive req

The enrichment of food according to the principle in Article 2(1) of the Regulation is 
only permitted if it serves to maintain or improve the nutritional value or public 
health and the substances are listed in Annex 1 of the Regu
principle’ – (cf. Article 2(1), Article 3 Regulation). Annex 1 of the Regulation con-
tains the permissible vitamins and minerals as well as the recommended daily 
allowances for adults, e.g. 800 µg as a daily allowance for vitamin A. The description 
of the permissible vitamins and minerals does not differentiate between the different 
sizes of the substances. 

6.3.2 Market access control 

The annexes of the Regulation are adapted by the FOPH on a regular basis, accord-
ing to the current status of science and technology, as well as according to the law 
of Switzerland’s main trade partners (Article 8 Regulation). If a substance is not 
listed in Annex 1 of the Regulation, the FOPH can approve the substance for com-
merce if an application is filed. It will examine the harmlessness to health, fitness 
for purpose, and labelling and advertising of the additives concerned. 

The labelling provisions in Article 6 of the Regulation stipulate that if essential or 
physiologically beneficial substances are added to a food, they must be included in 
the list of ingredients. There is no differentiation of substances according to their 
size, or any indication of nanomaterials as additives. 

EU law 

In the EU, the approval of food additives is regulated by Directive 2002/46/EC125 
which specifies the minerals and vitamins permitted. Since 1 July 2007, advertising 
statements on food additives have also been regulated by the Regulation on nutri-
tion and health claims made on foods (EU) No 1924/2006,126 according to which 
the health information provided by the manufacturer must be able to stand up to 
scientific testing. 

6.3.3 Interim result 

In principle, the scope of the Regulation on essential or physiologically beneficial 
substances also includes such substances in their nanoscale form. However, the 
substantive requirements have not been not designed with nanotechnology in mind. 
Nor does the labelling of food when essential substances are added, which is re-
quired in the context of market access control, make any reference to size. 

                                                 
 
125  cf. Directive 2002/46/EC of the European Parliament and of the Council of 10.6.2002 on the ap-

proximation of the laws of Member States relating to food supplements (text relevant to EEA), OJ L 
183 of 12.7.2002, p. 51. 

126  cf. Regulation EC No1924/2006 of the European Parliament and the Council of 20.12.2006 regard-
 12 ing nutritional and health claims made on foods, OJ L 404 of 30.12.2006, p. 9; corrected in OJ L

of 18.1.2007, p. 3. 
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h) Food Regulation). 

cessing agents that are added to the raw materials, 
interim products, semi-finished products or foods, must be removed again in the 

 nanomaterials to food is not 
technically possible. The regulations do not include any nanospecific regulatory 

. 

tr

ly) should specifically influence physiological parameters in con-
sumers that are important from a health point of view over the long term.128 Ac-

 defines special food in Article 2(1) as foods ‘that are in-

 contribute to achieving certain nutritional … effects’. 

                                                

6.4 Processing agents 

When processing food additives and food, processing agents – even in nanoscale 
form – can also be used to improve production. 

Processing agents are substances or compounds that are used for technological 
reasons in the processing of raw materials, interim products, semi-finished products 
or food. The processing of foods in terms of the Food Regulation127 includes any 
significant change of the original product, for example by heating, curing, pickling, 
ripening, drying, marinating, extracting, or extruding, or by a combination of these 
procedures (Article 2(1)(

It must be kept in mind that pro

course of processing as far as technically feasible (Article 2(1)(n) Food Regulation). 
If there are technically unavoidable residues or reaction products of processing 
agents, these must be harmless and must not cause any effect in the final product 
(Article 16 Food Regulation). There are no measurement, testing, or assessment 
methods to examine the harmlessness in health terms of processing agents, or 
threshold values that take potential nanospecific risks into account. 

6.4.1 Interim result 

When using nanomaterials as processing agents, it must be ensured – as with all 
other processing agents – that material transition of

elements

6.5 Special foods (food supplements) 

The use of nanomaterials can be expected for ‘food supplements’ in particular and 
is also is being researched (cf. Chapter 5.3). Beyond their nu itional function, food 
supplements (the terms ‘functional food’, ‘designer food’ and ‘nutraceuticals’ are 
used synonymous

cordingly, the Regulation
tended for special nutrition and, based on their composition or the special process 
used in their manufacture: 

 meet the special nutritional needs of people who for health reasons require a 
different type of nutrition; or 

 
127  
128   www.bfr.bund.de. 

 

cf. reference in footnote 107. 

cf. the description at

IP/A/STOA/2009-09 70 PE 424.755



Nanotechnology in the Food Sector 
___________________________________________________________________________________ 

 
l foods, requirements regarding their approval and 

labelling are regulated in Switzerland by Swiss Federal Department of Home Affairs 

Article 2(2) of the Special Foods Regulation (SpeziallebensmittelV) defines the 

(Article 3 Special Foods Regulation). 

lation include: 
‘products that contain vitamins, minerals, or other substances … in concentrated 

plement nutrition with these substances’ and are offered as 
capsules, tablets, liquids or powder. 

 stipulates the recommended daily dose for adults for a variety of vita-
mins such as vitamin A, D, or C and minerals such as iron, zinc, selenium or cop-

r size. 

6.5.2 Market access control 

lation is that: 

The types of approved specia

(FDHA) regulation on special food.129 

types of special foods, which include food supplements (lit. s) or food for diabetics 
(lit. i). 

6.5.1 Substantive requirements 

Special foods must differ from comparable normal foods (normal products) by their 
composition or their manufacturing method 
The substantive requirements for the special foods listed in Article 2(2) of the regu-
lation are regulated in more detail in segment 2 and are specified in Annexes 1 to 
15. 

Due to the elevated role of food supplements in the discussion on nanomaterials in 
the food sector (cf. Chapter 5.3), the substantive requirements for their approval 
should be examined in more detail. 

Food supplements according to Article 22(1) Special Foods Regu

form and serve to sup

The vitamins, minerals and other substances (positive list) approved as food sup-
plements are contained in Annex 13 Special Foods Regulation according to Article 
22(3). This

per. The list of vitamins and minerals does not refer to thei

Novel special foods require approval. The requests are examined with respect to 
health protection and protection from deception and will have their own FOPH num-
ber assigned at the time of approval. 

The labelling of special food conforms to Article 2 Food Labelling Regulation as well 
as additional information according to Article 4 Special Foods Regulation. 

Additional information that must also be labelled on food supplements according to 
Article 22(7) Special Foods Regu

the product concerned is a food supplement; 

the products must be stored beyond the reach of children.  

                                                 

ds of 23.11.2005, SR 817.022.104, AS 2005 5451 (hereinafter: 
 
129  FDHA Regulation on special foo

SpeziallebensmittelV). 
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Based on the labelling as special food, it will be very clear to the customer that it is 
not a ‘normal’ food but a food with a specific function. However, the labelling does 
not indicate whether nanoscale ingredients are contained in the special food or 
whether nanospecific manufacturing processes were used. 

EU law  

Insofar as nanoparticles are to be introduced to the EU market in novel foods, they 
are subject to approval according to Regulation EC No 258/97 regarding Novel 
Foods and Novel Food Ingredients.130 This regulation applies to all foods that were 
not used for human consumption prior to 15 May 1997. It also contains a positive 
list for the approval of all ingredients and products before they enter into trade, as 
well as analyses by the European Food Safety Authority (EFSA). It stipulates as-
sessment of the composition, nutritive value, metabolism, intended purpose and 
the level of microbiological and chemical contamination. Studies on toxicity and 
allergenicity, and details of processing are also incorporated in the assessment. 

6.5.3 Interim result 

Special foods (including food supplements) that contain nanomaterials are covered 
by the scope of the Special Foods Regulation. The positive list of approved vitamins 
and additives for food supplements is just as unspecific regarding nanomaterials as 
the labelling rules. 

6.6 Food packaging and articles of daily use 

Food can always come into contact with nanomaterials if nanomaterials are con-
tained in packaging materials, such as in plastic packaging. 

6.6.1 Substantive requirements 

Granting approval to bring nanomaterials in food packaging onto the market com-
131 

 
 or packaging material)’. Packaging can 

t with the 

foods’. Boxing is thus not in direct contact with the food. 

With respect to the substantive requirements for food wrapping, a distinction must 

                                                

plies with the Regulation on Food and Articles of Daily Use. Packaging legally 
comes under the term ‘utensils’. Articles of daily use according to Article 5(a) Food 
Regulation are ‘objects that are used in association with the manufacture, use and
packaging of food (e.g. appliances, dishes
be differentiated even further according to the definition in Article 2(e) and (f) Food 
Regulation as ‘wrapping’ and ‘boxing’. While wrapping is in direct contac
food and is considered to be ‘the envelope or the container immediately surrounding 
the food’, boxing is defined as ‘a receptacle that contains one or more encased 

be made between ‘wrapping’ and ‘coating’: 

 
 
130   Regulation EC No 258/97 by the European Parliament and the Council of 27.1.997 regarding Novel 

131  n of 23.11.2005 (as of 12.12.2006); SR 817.02, AS 2005 6363. 

Foods and Novel Food Ingredients, Abl. No L 43 of 14.2.1997, p. 1. 

FDHA Utensils Regulatio
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sausage products or for 
fruit, that cohere with the foods and can be consumed with them, are not con-

 utensils (Article 1(2) Utensils Regulation132). Other coating substances 

According to the principle behind Article 14 Foodstuffs Act, articles of daily use must 
 they are used according to regulations or according to their 

usually expected application’. This basic health protection requirement also encom-

According to Article 34 Food Regulation, packaging must only transfer substances 

- do not endanger health, 

- do not result in a change in the composition or organoleptic properties of the 

in the Utensils Regulation for certain 
packaging, e.g. for: 

 articles of daily use made of metal and metal alloys (segment 2), 
  

Wrappings according to Article 2(e) are classified as utensils and must be assessed 
according to the rules of the Regulation on Food and Articles of Daily Use in con-
junction with the Utensils Regulation. 

Coating substances for foods such as cheese, meat and 

sidered
adhere only superficially to the food, providing it with a suitable surface consis-
tency, and can also have physical effects, particularly protective effects. They 
are classed with additives and their approved form is listed in the annexes of the 
Additives Regulation (see Chapter 6.2). Examples for coating substances are 
beeswax (E901), Gummi arabicum (E414), paraffin and paraffin oil (E905). 

The extent to which developments in nanotechnology make the distinction between 
wrapping and coating agents more difficult or abolish it altogether remains to be 
seen. 

‘not endanger health if

passes potential hazards that could emerge from the use of nanomaterials in arti-
cles of daily use. These basic requirements have been substantiated by the Regula-
tion on Food and Articles of Daily Use. 

to food in amounts that: 

- are technically unavoidable, and 

food. 

The special requirements for utensils are included in the Utensils Regulation. Ac-
cording to Article 8 of this Regulation, the FOPH can, upon reasonable request, 
approve additional substances on a temporary basis in an approval procedure. In 
doing so, the FOPH must take into account points including the following: 

 the toxicology of a substance; 

 the substances migrating into the food or into the test liquids simulating the 
food; 

 the trace analysis methods used to determine the substances; and 

 the technical need for the substances. 

 Specific requirements are defined 

                                               
 
132  23.11.2005 (as of 12.12.2006); SR 817.023.21. 
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Se
ga
me

As
ag
sh

onsisting exclusively of plastic, which are stuck together by adhesives or in 

 plastic packaging134 only if they meet the 

olumn 3 of Annex 1 Utensils Regulation lists migration 
136 ics, although it does not allow for the recogni-

. 

 articles of daily use made of plastic (segment 3), 

 articles of daily use made of cellophane (segment 4), and 

 articles of daily use made of ceramics, glass, enamel and similar materials 
(segment 5). 

gments 2 to 5 Utensils Regulation do not contain any special requirements re-
rding nanomaterials with respect to risk assessment, testing and measuring 
thods or migration thresholds for nanoparticles for the individual utensils. 

 the market analysis found that nanomaterials were used mainly in plastic pack-
ing (see the multi-layer PET bottles in Chapter 5.4), the applicable regulations 
ould be examined in depth. 

Utensils made of plastic are by definition those where materials and objects as well 
as parts thereof consist exclusively of plastic or of two or more layers, with each 
layer c
other ways (Article 6(1) Utensils Regulation). Plastics include high or very high 
molecular polymers that are manufactured from monomers and other starting 
materials or by the chemical modification of natural macromolecules (Article 6(2) 
Utensils Regulation).133 

According to the positive principle, substances that come in contact with food ac-
cording to regulations can be used in
requirements regarding these plastics and their components in Annex 1 of the 
Utensils Regulation.135 C
threshold values  for certain plast
tion of nanospecific requirements

                                                 
 

 
ilms made of regenerated cellulose, with or without a lacquer coating;  

e resins;  
• Elastomers and natural or synthetic rubber;  

x, and cas-
with plastic. 

d equally to plastics that are used for coating, 

d in Annex 2 Utensils Regulation in compliance with the requirements 
stated therein. 

136  The migration threshold value indicates the maximum quantity of a substance that is permitted to 
transfer from materials and objects made of plastic in contact with food or simulants into the food. 

133  The following, however, are not plastics: 
• F
• Paper and cardboard, even if they have been modified by the addition of plastics;  
• Ion exchang

• Casings made from paraffin wax, including synthetic paraffin wax, microcrystalline wa
ings made of mixtures of the waxes listed above, or 

134  The requirements for plastic utensils must be applie
laminating, varnishing, facing or proofing utensils (Article 11 Utensils Regulation). 

135  The corresponding principle applies to uncoated cellophane foils, which may be produced only from 
substances in the groups liste

It is shown in mg/kg food or test liquid. 
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packaging sector, and the 
ent materials and 

or to preserve or extend the condition of packaged food. They 

 purpose are readily identifiable. In addition, the description 

Active and intelligent materials and appliances 

In view of the application of nanotechnologies in the 
results of the market analysis in Chapter 5.4, active and intellig
appliances must be examined separately. 

‘Active’ appliances in this context are materials and appliances that are intended to 
extend the shelf life 
specifically contain components that transfer substances to the packaged food or 
the environment of the food, or absorb them from there (Article 22(1) Utensils 
Regulation). 

Materials and appliances are considered ‘intelligent’ if they monitor the condition of 
the packaged food or the environment of the food (Article 22(3) Utensils Regula-
tion). 

The substantive requirements regarding active materials and appliances are de-
scribed only very loosely and briefly in Article 23 Utensils Regulation, according to 
which they may modify the composition or the organoleptic properties of the food 
only such that the food continues to comply with the Foodstuffs Act. 

With regard to labelling requirements, Article 24 stipulates an extensive duty to 
inform; active or intelligent materials and objects must therefore be labelled such 
that their function and
and quantity of the substances that are transferred to the food by the active com-
ponent must be listed. 
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EU law 

The EU packaging regulation (EC) No 1935/2004137 regulates all materials that 
come in contact with food. Approved substances that have been tested with respect 
to their toxicity and safety are listed in a positive list. It also sets the standards for 
the transfer of chemicals and other ingredients from food packaging or kitchen 
appliances and kitchen utensils into food and requires that all materials must be 
traceable. 

The Packaging Regulation does not contain any provisions that explicitly mention 
nanomaterials or stipulate nanospecific requirements regarding these materials. 

It must be pointed out, however, that the Regulation already contains provisions 
regarding active and intelligent food contact materials and objects that can also be 
applied to the corresponding nanomaterials. Active food contact materials – in 
contrast to conventional ones that are not inert based on their composition – spe-
cifically contain ‘active’ components that are intended to come in contact with food 
in order to actively preserve or improve its condition. Intelligent materials are in-
tended to monitor the condition of food. The materials and appliances used in both 
types of packaging must meet the approval requirements of Directive 89/107/EEC 
on food additives. 

6.6.2 Market access control 

Basically, packaging materials and other utensils (e.g. coated work materials that 
can come in contact with food) that do not meet the food legislation requirements, 
cannot be used or put on the market, or only with restrictions (Article 6(1) Food-
stuffs Act). 

Packaging materials or other articles of daily use that contain nanomaterials are, in 
principle, also subject to market access control according to Article 6(1) Foodstuffs 
Act. The approval procedure is ineffective, however, if the substantive requirements 
do not take nanospecific aspects into account. 

Market access control for plastic packaging 

Plastics and articles of daily use made of plastic that are used in food handling must 
comply with the requirements of the Regulation on Food and Articles of Daily Use as 
well as the Utensils Regulation. Importers, processors and retailers that introduce 
processed plastics into the market must make sure that these conform to the above 
regulations. The FOPH will appraise the materials upon request and issue a clear-
ance certificate where applicable. The practical assessment of the ready-made 
article rests with the cantonal laboratories who, as the case may be, will issue a 
certificate that certifies the suitability of the material for food. 

                                                 
 
137  Regulation (EU) No 1935/2004 by the European Parliament and the Council of 27.10.2004 on 

materials and objects intended to come in contact with food and on revocation of Directives 
80/590/EEC and 89/109/EEC, OJ L 338 of 13.11.2004, p. 4. 
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.6.3 Interim result 

e of the Packaging Regulation is so comprehensive that in principle even 

ect to what extent the potential transfer of nanomaterials into food and 

sks 

s regarding market access and post-
od sector 

lations to place these products on the market. According to Article 23 
Foodstuffs Act, producers, importers and merchants are obliged to ensure that all 

rnment-approved raw materials and 
declare them accordingly. 

6

The scop
nanomaterials in packaging are included in the regulation on food and articles of 
daily use. To be sure, when nanomaterials are used in packaging and utensils it 
must be ensured – just as for all other packaging materials – that no material 
transfer of nanomaterials from packaging substances to food takes place. However 
the regulations were not issued with nanomaterials in mind and therefore do not 
distinguish between bulk chemicals and their nanoscale equivalents. It remains open 
in this resp
the associated hazards are actually examined during the approval procedure.138 The 
test and measuring methods and the assessment standards used to gauge the ri
and hazards that could arise from nanomaterials in packaging must therefore be 
validated.139 

The extent to which this differentiation between bulk chemicals and the correspond-
ing nanoscale substances should be addressed in the Regulation on Food and Arti-
cles of Daily Use and the secondary legislation should also be examined.140  

It should be considered whether the regulations on traceability should contain a 
special reference to nanoparticles and thereby ultimately make it possible for these 
materials to be included in the relevant safety dossiers.141 

6.7 General requirement
marketing control in the fo

Within the framework of market access control, manufacturers of food and articles 
of daily use must comply with the provisions and requirements for the product-
specific regu

products that they place on the market meet the current statutory provisions. To 
this end, foods must fall under one of the descriptions listed in Article 4 Food Regu-
lation and must meet the requirements according to Article 4(1)(b) Food Regula-
tion. For example, they must use only gove

                                                 
 
138  At EU level, the Commission and the Member States identified gaps in the approval of packaging 

materials are therefore preparing a working document as a proposal for regulating problematic 
substances and materials that are not regulated under food packaging legislation. 

139  The German federal government dissents in its responses ‘Einsatz von Nanotechnololgie in Le-
bensmitteln’ [Nanotechnology applications in food], Bundestag document 16/3981 of 8.12.2006 as 
well as in ‘Verbraucherpolitische Zwischenbilanz’, [Consumer Policy – Progress Report] Bundestag 
document 16/6760 of 23.10.2007; the Bund für Lebensmittelrecht und Lebensmittelkunde e.V. 
(BLL) [The German Federation of Food Law and Food Science] shares this view in its facts of the 
matter and position paper ‘Nanotechnology in the food sector’ of April 2008, pp. 3 and 4. 

140  The Verbraucherzentrale Bundesverband [Federal Association of Consumer Advice Centres] sees a 
con-

141  

corresponding need for regulation in its position paper ‘Nanotechnologies – new challenges for 
sumer protection’ of 6.5.2008 in the German Food and Feedstuff Code, p. 7. 

cf. the considerations in IFST (2006). 
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food legislation regulations can be placed on the market and 

u tances, as well as the 
threshold values to be observed, have not yet been developed, or are insufficiently 

tent regular risk-based checks can 
be performed exclusively on food containing nanomaterials and whether the statu-

above a certain threshold value. This is followed by the 
question whether such labelling would be permitted and what requirements have to 
be satisfied for labelling. The initial outlines of the legal standards and boundaries 

Foo

 in-
clud
cle 1

Foods not listed in the 
marketed only once the FOPH has issued approval for them (Article 5 Food Regula-
tion). 

Compliance with the safety requirements for food is usually not monitored by way 
of pre-market control. Adherence to legal requirements on food and articles of daily 
use must be ensured by the persons responsible at the manufacturers and proces-
sors by way of self-reporting (cf. Article 49 Food Regulation) and documented (Arti-
cle 55 Food Regulation) (due diligence and self-reporting). 

The following self-reporting instruments are used in this process: securing of good 
procedural practices (good hygiene practice, good manufacturing practice), applica-
tion of procedures based on the principles of the HACCP concept (Article 51 Food 
Regulation), traceability and sampling and analysis of foods and articles of daily 
use.  

In addition, adherence to food-regulatory standards is monitored by the appropriate 
authorities through regular risk-based checks (Article 56 Food Regulation) for which 
the respective cantonal food authorities are responsible. 

This regulatory approach to the monitoring of food-regulatory provisions has disad-
vantages for the monitoring of nanomaterials that are worth considering insofar as 
the test and measurement methods for nanoscale s bs

developed, which makes post-market control difficult when compared to ‘classic’ 
foods or additives. It is also not clear to what ex

tory provisions in Switzerland are actually being monitored.142 

6.8 Requirement to label nanomaterials 

A high-profile issue in public discussion on nanomaterials is the labelling of foods 
containing nanomaterials. With respect to such labelling, it would first have to be 
clarified exactly what information should be on the label. This might include 
whether nanomaterials have been used in the food manufacturing process and/or 
whether they are present 

of labelling need to be worked out and examined. 

d Labelling Regulation (LKV) 

The Food Labelling Regulation determines what information food labels should
e, and in what form, in general, and in what form food can be advertised (Arti-
(1) Food Labelling Regulation). 

                                                 

For the United States, Taylor (2006) reaches the conclusion that the budget of the Food and Drug 
Administration (FDA), which is responsible for food monitoring, is insufficient 

 
142  

to provide effective 
trol. market access and post-marketing con
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s chapters. 

 order, as per weight at 

vided they are no longer technologically active in the final product; 

Ingredients must be listed with their description (Article 6(1) Food Labelling Regula-
nts belonging to one of the 

classes listed in Annex 2 Food Labelling Regulation. Additives must not be listed 

 nutritive values in Article 22 et 
seq. of the Food Labelling Regulation, e.g. for vitamins, minerals and other essential 

tances (Article 2(2) Food Labelling Regulation), do 

The particular labelling and advertising of individual types of foods are regulated in 
the product-specific regulations of the food legislation and have been covered in 
previou

Pre-packaged foods that are put on the market must be labelled with the informa-
tion listed in Article 2(1) Food Labelling Regulation directly on the packaging, wrap-
ping or label. Ingredients are part of the information that must be listed on the 
label. Article 5(1) Food Labelling Regulation states that the quantities of ingredients 
defined as food and additives must be listed in descending
the time of processing. According to Article 5(2)(i) Food Labelling Regulation, ex-
emptions from the requirement to label, which can be important especially for 
additives in nanoscale form, exist for: 

 transferred additives according to Article 3 of the Additives Regulation, pro-

 carriers and carrier solvents used together with additive formulation accord-
ing to Article 4 Additives Regulation, and the antioxidants and preservatives 
allowed in flavourings; 

 packing gases according to Annex 3 item 16; and 

 additives used as processing agents. 

Article 2(1)(o) Food Labelling Regulation stipulates a requirement to label for foods, 
additives and processing agents that contain genetically modified organisms 
(GMOs) or were extracted from GMOs. The Food Labelling Regulation does not 
contain a corresponding duty to disclose foods, additives and processing agents 
that consist of or contain nanomaterials. 

tion) where the class can be indicated for ingredie

with a description but instead with the term of one of the categories according to 
Annex 3 which they are classed with according to their effect in the food concerned, 
as well as with their individual term or E number. 

Neither the descriptions or ingredient classes nor the generic or individual term or 
E numbers feature any differentiation between the nano- or macroscale form of the 
ingredient or additive. 

Likewise, the regulations on voluntary labelling of

or physiologically beneficial subs
not contain any nanospecific standards. 
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recycling and disposal of food and food packaging do not yet 

d and packaging sector worthwhile. At the 

l knowl-
edge base for risk assessment and legal control. 

provisions for monitoring nanomaterials in 
the food and packaging sector has disadvantages worth considering inasmuch as 

shold values to 
iciently developed, which makes post-

 with corresponding nanoscale substances 

apply to the corresponding sub-

esence of nanomaterials in individual foods, e.g. functional 

                                                

6.9 Recycling and disposal of food and food packaging 

Regulations on the 
cover the risks of nanomaterials for health and the environment. There still is a lack 
of knowledge of many scientific aspects e.g. whether and in what form or size 
nanomaterials can leak from a product (cf. results of the ‘ReNaTe’ study).143 

6.10 Conclusions of the examination of legislation 

Unquestionably, substances in nanoscale form can have different chemical and 
physical properties than the corresponding bulk materials (macro-size substances) 
that make their application in the foo
same time, there are knowledge gaps regarding the toxicological effects of nano-
materials in food and packaging which mean that there is no toxicologica

Against this background, the regulatory approach of rather ineffectual pre-market 
control in monitoring the food regulatory 

the test and measuring methods for nanoscale substances and thre
be observed do not yet exist or are not suff
market control more complicated than for ‘classic’ foods or additives. 

With respect to the positive list principle applied in market access control for ap-
proved additives or substances that are approved in packaging materials, it has not 
yet been resolved whether the replacing approved food additives, processing agents 
or packaging materials on a macro scale
should be considered merely a simple modification of the food formulation or 
whether a new risk assessment must be performed on these materials.144 GMPs 
and quantity restrictions for additives in food according to the Additives Regulation, 
which is listed as the weight of an additive (usually “g” or “mg”) per kilogram or 
litre of food, do not take into account potential nanospecific risks. In addition, it 
must be examined with regard to additives that can be used without restrictions in 
all foods whether this unlimitled use should also 
stances in nanoscale form. Finally, the technical standards for purity specifications 
should be examined in terms of nanospecific issues and adapted if necessary. Spe-
cial reference to the pr
foods and food packaging, is not included in the labelling regulations. Thus, con-
sumers and even food control authorities cannot clearly identify food or packaging 
that contains nanoscale substances, and consumers cannot exercise freedom of 
choice. 

 
 
143  cf. Führ, M.; Hermann, A. et al. 2007, Rechtsgutachten Nano-Technologien, p. 6. 
144  cf. the corresponding assessment of the legal situation in the United Kingdom: IFST (2006); Royal 

Society (2004). 
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7. Analysis of relevant social issues 
An essential part of the study consisted in examining how the application of 

. or this 
purpose, a meta-analysis of existing studies was performed covering research 

Question 12. What influence is nanotechnology expected to have on cultural heri-

opments/trends such as ‘functional food’, ‘natural food’ and ‘efficient nutrition’ to 

induced by nutrition, such as cardiovascular diseases, diabetes and food allergies, 
has become a problem: individually for each person affected but also for society, 
due among other things to rising costs in the health sector.  

nanotechnology in the food sector should be classified in respect of consumer needs 
and which of these needs can be accommodated by nanotechnology, where appli-
cable. We also went further into the question of the consequences of nanotechnol-
ogy for everyday nutrition and sociological aspects of food and eating F

questions 10-12, which pertain to social aspects. 

Question 10. To what extent can nanotechnology contribute to the satisfaction of 
consumer needs for natural products as well as more ‘efficient’ or health-
promoting nutrition? What can be learned in this respect from the discussion on 
genetically modified foods? 

Question 11. What alternatives exist to satisfy these consumer needs? 

tage surrounding food, eating and lifestyle and how desirable is this against the 
backdrop of sustainable development in the food sector? 

In an initial step, the published study results were analysed in respect of the com-
prehensive question: What consumer needs exist concerning nutrition? Are there 
any specifics for Switzerland? In particular, we analysed the importance of devel-

consumers. 

In a second step, the consumer needs that can be accommodated by nanotechnol-
ogy foods or food packaging were assessed. For example, the potential of 
nanotechnology in the food sector was considered in relation to the desire to reduce 
stress and complexity that applies for all nutritional styles (Eberle et al. 2006). The 
results of the stakeholder survey also flow into this stage of the project. We then 
analysed in a third step what consequences the application of nanotechnologies in 
the food sector have on everyday nutrition and nutrition and sociological aspects of 
food and eating. 

7.1 Consumer behaviour and nutrition 

Current nutritional patterns cannot be called sustainable: while industrial nations 
face the problem of finding a suitable way of handling the existing abundance of 
food, the question of how to achieve adequate food supply still dominates the rest 
of the world. 

A glance at industrial nations shows that the increase in illnesses that are co-
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: overeating, malnutrition 
nd too.145 The ‘nutritional 

d 20% of children are overweight, and this trend is 

The Fifth Swiss Report on Nutrition 2005 confirms this
and nutritional deficiencies are on the rise in Switzerla
divergence’ first diagnosed in the Fourth Swiss Report on Nutrition 1998 is opening 
ever wider: on the one hand, overconsumption, is resulting in large segments of 
the population being overweight and, on the other hand, segments of the popula-
tion increasingly display signs of qualitative or quantitative malnutrition (Eichholzer 
et al. 2005). 

The report describes the nutritional status of the Swiss population as follows (Eich-
holzer et al. 2006): 

 nutrient supply is generally good but there are groups with nutritional defi-
ciencies; 

 overconsumption and, as a result, excess weight are widespread: 45% of 
men, 29% of women an
increasing; 

 too much animal fat, too much sugar and too much salt is consumed; 

 the consumption of complex carbohydrates, fruit and vegetables is too low; 

 there are mild deficiencies in B vitamins, calcium, iron and nutritional fibre 
(dietary fibre); 

 the iodine supply is currently guaranteed. 

However, what is the cause of the increase in illnesses that are co-induced by nu-
triation?  

It is not due to a lack of consumer knowledge regarding nutrition. According to the 
Swiss report on nutrition, neither knowledge,146 nor the supply of healthy and 
balanced food represents a problem (Eichholzer et al. 2005). Other studies per-
formed within the Swiss population147 prove that there is no lack of knowledge 
regarding a healthy nutrition but instead this knowledge is not put into action in 
everyday patterns of activity.  

                                                 
 
145  It must, however, be noted that there is no representative nutritional survey for all of Switzerland, 

although the Federal Health Agency is currently planning such a survey (Eichholzer et al. 2006). 
146  82% of the Swiss population consider themselves well informed on matters of nutrition. They 

receive their
official insti

 information through the printed media, radio and television. Trained professionals and 
tutions enjoy the most credibility here. Information printed on food packaging is also of 

147  The Nutri-Trend study 2000 was conducted by Nestlé Suisse S.A. in cooperation with the FOPH and 
with it financial support FOPH (Nutrition Division, contract No 00.00017). The study interviewed 
1.004 persons aged 18-75 by telephone (Exl-Preysch et al. 2001). 

particular importance. The comprehensibility of this information, however, has declined according 
to the respondents: thus, in 1995, 53% considered the printed information to be intelligible but 
that number had dropped to only 44% in 2000. This is blamed on factors including the increase in 
declarations required by law and the limited amount of space available for this on the package (Exl-
Preysch et al. 2001). 
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ows that consumer behaviour is not influenced by knowledge alone; 

es and orientation, knowledge and skill, emotions, personal 

 
d. With nutrition, consumer behaviour is characterised by 

ay context (e.g. occupation, marital status) (Hayn et al. 2005). 
mined 

options and restrictions for the sustainable nutrition of Swiss consumers were able 

ingness to act. 

ehaviour and activities, we must 
accordingly take a look at the everyday nutritional context.  

at the Swiss everyday nutritional context shows that the Swiss' eating 
habits are very traditional. The number and type of meals have hardly changed in 

st

 women’s nutritional habits are closer to the ideal than men’s; 

 seniors and people with more education eat a healthier diet; 

 young people, persons with a lower income and less education, foreigners 
and very old persons150 are more likely to be in the risk groups whose nutri-

      

The report states that most Swiss have a good knowledge of nutrition but imple-
mentation – measured by compliance with general rules of nutrition – is inade-
quate. Indeed, 80% of Swiss know that a balanced diet is important for health and 
wellbeing, and 89% also know that vegetables, salad and fruit are healthy but in 
reality, the Swiss ingest fruit or fruit juices only 1.7 times a day, and salad, vegeta-
bles or vegetable juice only 1.3 times a day148 (Exl-Preysch et al. 2005). 

This clearly sh
this applies not only to nutrition. Consumer behaviour is determined by many dif-
ferent factors: valu
experience and media environment (e.g. Kroeber-Riel and Weinberg 2002; Stiess 
and Hayn 2005). Different action alternatives are weighed against each other
against this backgroun
individual everyday routines (Stiess and Hayn 2005), patterns of activity which are 
influenced mainly by income, the availability and cost of food, expected health 
benefits and everyd
Also, studies in Switzerland (Maier Begré and Hirsch-Hadorn 2004) that exa

to show that, with regard to nutrition – in this case, for the consumption of organic 
food – it does not come down primarily to knowledge and ability but that the deci-
sive criterion is the will

Therefore, to be able to understand nutrition b

A glance 

the last 15 years. Lunch is the main meal and even employed persons usually eat it 
at home.149 About 63% of the Swiss population ill cook their own food on a regu-
lar basis. However, the Swiss are more careless with breakfast: a third never or 
rarely have breakfast (Exl-Preysch et al. 2001). A closer look at the nutritional 
behaviour of the Swiss (Menrad et al. 2000) shows that: 

tional behaviour deviates considerably from the recommendations. 

                                           

According to the diet recommendations of the Swiss Society for Nutrition (SGE) and the German 
Nutrition Society (DGE) this is not sufficient. At least five servings of fruit and vegetables per day 
are recommended. 

A high 45% of persons working full-time still take lunch at home (Exl-Preysch at al. 2001). 

According to the defin

 
148  

149  
150  ition by the World Health Organisation (WHO), 60 to 75-year-olds are ‘older 

persons’, 75 to 90-year-olds are ‘old persons’, those older than 90 are in ‘old age’ and those over 
100 are ‘long-lived’. However, the terms ‘old-age persons’ or ‘old old-age persons’ are usually used 
for people over 80 (http://www.tk-online.de). 
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epresented; late 20s to 

ce of one's duty, 

                                                

Stiess and Hayn (2005) conducted a representative study151 of the nutritional be-
haviour of German people as part of the ‘Ernährungswende’152 (Change towards 
sustainable nutrition) research project based on the socio-ecological lifestyle ap-
proach153. They found that the nutritional behaviour of Germans can be character-
ised by seven styles of nutrition, as follows (Stiess and Hayn 2005): 

Disinterested fast fooders: 

12% of German consumers, 

Keen disinterest in matters of nutrition and health, 

Everyday eating habits characterised by very flexible eating patterns and a less 
home-based approach, 

Greater than average eating out and use of convenience products, and 

Widespread especially among younger singles and couples, with more men than 
women in this group. 

Cheap food and meat eaters: 

13% of German consumers, 

Desire for inexpensive, simple food; health plays a secondary role, 

Comparatively frequent use of eating out and convenience products, and 

No specific stage of life predominant, both sexes equally r
mid-40s, but also up to 60-year-olds represented; 25% of households with chil-
dren; majority employed. 

Joyless habitual cooks: 

17% of German consumers, 

Fixed nutritional habits and routines (domestic, unpretentious) and insufficiently 
pronounced nutritional awareness; eating as performan

Highest BMI, highest risk of nutrition-related illnesses, and 

Predominantly post-family phase households over the age of 67. 

Persons with a keen interest in fitness: 

9% of German consumers, 

 
 
151  Within the scope of the representative study conducted by the Institute for Socioecological Re-

152  
153  ecological lifestyle approach includes, in addition to context-related characteris-

 to the 

search (ISOE), Frankfurt/Main, in 2004, 2 039 adults over the age of 18 were interviewed. 

cf. http://www.ernaehrungswende.de. 

The method of socio
tics (type of household, stage of life, age, sex) consumer orientations and behaviour related
field of activity of nutrition. Orientations are on the one hand differentiated according to lifestyle-
specific (values, work and recreational orienttation) and on the other hand according to sphere of 
activity-related (mindset, attitudes, preferences, aversions with respect to nutrition, consumption, 
mobility) orientations (Stiess and Hayn 2005). 
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ng out on a high budget, and 

ouseholds in the family phase; above-average in-

Str

me 

se; 75% women. 

Diet-co

Co  persons: 

mers, 

ood (quality, freshness, regionality, seasonal avail-

Hig

Tra sweets and meat due 
to 

ase. 

Th ailable yet for Switzerland, so we will also draw 
on the studies by Stiess and Hayn (2005) in the subsequent research. In this study, 
we examine how consumer groups respond to three typical trends or marketing 
statements: ‘natural nutrition’, ‘efficient nutrition’ and ‘functional food’. 

Need for high-quality and disciplined nutrition to increase their own performance 
and fitness, 

High-quality and health-promoting products such as organic foods but functional 
foods also play an important role, 

Above-average frequency of eati

Predominantly couples and h
come. 

essed domestic managers: 

16% of German consumers, 

High demand for fresh, varied, healthy diet with a relatively fixed budget of ti
and money, 

Food with health-promoting additives is accepted as a compromise, and 

Strong link to the family pha

nscious discerning persons: 

13% of German consumers, 

Holistic appreciation of nutrition, need for fresh, preferably regional food, 

High consumption of organic food, 

Not associated with a particular age or stage of life; average to high income. 

nventionally health-oriented

20% of German consu

Great appreciation of good f
ability), 

h interest in nutritional topics, very knowledgeable about nutrition, 

ditional, middle-class diet, but many dispense with or limit 
the risk of becoming overweight, and 

Couples and singles in the post-family ph

ere are no comparable studies av
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‘Na
ma s and frequently prepare their own meals. Health is often stated as 
the
wil
as ch t, which also includes organic and natural 
foo to grow steadily in 
the

‘Eff utrition’ in this context means eating pre-processed food that is quick to 
d away from home. 

‘Fu  that is enriched with additional ingredients (food 
supplements) and benefit that goes beyond the nutritional 
us
rated re the most frequent additions. There is currently no legal defini-
tio scope of 
the project to construct a Swiss nutritional database, the number and nutrient 
pro t was recorded in 1996, 2000 and 

hed foods has doubled within the space of four 
years (bulletin of No 285/April 2002). 

7. utri-
tio  ‘functional food’ 

‘Na eat 
hers are amenable to it. 

For the diet-conscious discerning persons, natural food is an important theme. The 
qu d play a major role, as does regionality; plenty of 
ve
they seem more delicious and are also beneficial for the body and mind. The 

food – 
n interest in 

 food and place a high value on organic 
ersons, quality, freshness, regionality 

are open-minded about or-

                                                

tural nutrition’ means that consumers have a sensible and healthy diet, buy 
ny fresh food
 reason for preferring natural food. Persons with a preference for natural food 
l choose a natural food opposed to an artificial food even if the two are labelled 

emically equivalent. This segmen
d products154 associated with greater freshness, will continue 
 coming years.155 

icient n
prepare. Food is often consume

nctional food’ combines food
features a specific added 

e of the nutrients in the food. Vitamins, minerals, bacterial cultures and unsatu-
 fatty acids a

n yet for these products, either in Europe or in Switzerland. Within the 

file of functional food on the Swiss food marke
2002: the range of artificially enric

the ETH Zurich, 

2 Affinity of the seven styles of nutrition to ‘natural n
n’, ‘efficient nutrition’ and

tural nutrition’ is rejected by disinterested fast fooders, cheap food and m
eaters and by joyless habitual cooks. All ot

ality and freshness of the foo
getables and fruit are consumed and organic foods are held in high esteem as 

stressed domestic managers prefer to prepare their own meals from fresh 
they are rather sceptical about organic food. For persons with a kee
fitness, their own performance and fitness are the all-surpassing motivation. They 
therefore set great store by high-quality
products. For conventionally health-oriented p
and seasonal availability play a major role, and they 
ganic foods. 

 
 
154  When buying organic products, certified quality and naturalness are central reasons for buying. 

Ecological and ethico-moral aspirations now play a comparatively minor role (ZMP 2006: Trend-
studie Food). 

155  Source: ‘Die Zehn wichtigesten Trends im Markt’ [The ten most important trends in the market], 
Ökolandbau 2008 [Organic Farming 2008]. (http://www.oekolandbau.de/verarbeiter/herstellung-
und-verpackung/produktentwicklung/die-zehn-wichtigsten-trendsim-markt/; viewed on 29.5.2008). 
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 h me more often than other groups. If they do their own cook-

 use convenience products and 

ther of these styles of nutri-
tion is interested in nutrition and health. Amongst conventionally health-oriented 

ns with a keen inter-

mpromise solu-

ealth food’ are price and low credibility.  

                                                

‘Efficient nutrition’, as defined here, is rejected by diet-conscious discerning persons 
and by conventionally health-oriented persons. The joyless habitual cooks rarely 
use convenience products and also rarely go out to eat. The remaining four styles 
of nutrition are amenable to it: 

The disinterested fast fooders generally take little interest in nutritional issues: they 
need to eat and take care of food-related work quickly and make use of food pur-
chased outside the o
ing, this involves convenience products. For cheap food and meat eaters, nutrition 
must be value for money and uncomplicated; they
ready-made meals frequently. Persons with a keen interest in fitness make above-
average use of food purchased outside the home, but do use many convenience 
products. Stressed domestic managers essentially reject convenience products. 
They would like to prepare meals themselves from fresh ingredients but this desire 
is often thwarted by lack of time, so that daily cooking becomes an onerous duty. 
This style of nutrition can actually produce an efficient diet but only if it is ‘fresh’ 
and ‘healthy’. 

‘Functional food’ is consumed by all styles of nutrition except for the disinterested 
fast fooders and the cheap food and meat eaters. Nei

persons, the above-average consumption of cholesterol-lowering margarine is 
conspicuous. According to Stiess and Hayn (2005), this can be interpreted as an 
attempt to affect their health in a beneficial manner. The perso
est in fitness, however, use functional food in order to positively influence their own 
fitness. Stressed domestic managers accept functional food as a co
tion; they consume probiotic yoghurts more often than the other groups. Diet-
conscious discerning persons selectively consume functional food and supplements 
in spite of their strong rejection of synthetic additives in food. They also use vitamin 
and mineral tablets and probiotic yoghurts comparatively frequently. Conventionally 
health-oriented persons consume an above-average amount of functional food: 
‘Almost daily, at least 25% of this group use cholesterol-lowering margarine, 16% 
also take vitamin and mineral tablets, and 10% eat probiotic yoghurt’ (Stiess and 
Hayn 2005, p. 33). 

In terms of attitude to functional food,156 the Swiss, who buy eight to ten functional 
food products, which is below the European average.157 Their stated reasons for not 
purchasing ‘h

 
 
156  The consumption of functional food is recommended as a strategy in the Fifth Swiss Report on 

tial 

157  robiotic yoghurt products’, ‘high-fibre whole grain products’, ‘cholesterol-lowering 

Nutrition in order to take countermeasures against the increase in overeating and the consequen
risks for diet-related illnesses (Eichholzer et al. 2005). 

For example, ‘p
cooking oils and margarines’ and ‘fruit juices and milk enriched with supplements/vitamins’ (ac-
cording to a study by the marketing research company ACNielsen, 
http://ch.de.acnielsen.com/site/pr20051129.shtml). 
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 this group, the consumption of functional food was 

tion about research projects. They express their greatest reserva-

 uncertainty regarding potential harmful 

                                                

First and foremost, there is a pronounced lack of faith in products that promote 
health in Switzerland. According to a study conducted by Beer-Borst et al. (2005)158 
in Geneva, only about 10% of the interviewees ate functional food from a variety of 
food groups on a daily basis. For
important in order to absorb vitamins and minerals. One of the main reasons listed 
for the consumption of functional food was a health-oriented lifestyle. 

7.3 Acceptance of nanotechnologies in food and food packag-
ing 

In general, Swiss citizens regard nanotechnologies positively but critically, as 
shown by the results of the ‘nanotechnologies publifocus’,159 a public consultation, 
which indicated that consumers hope that nanotechnology will provide solutions 
primarily for problems in the sectors of medicine and the environment. They state 
that the most important prerequisite for trust in nanotechnologies is transparency, 
including the declaration of nanotechnology products and a policy of active provi-
sion of informa
tions about the application of nanotechnologies in the food sector. The decisive 
factor for accepting the application of nanotechnology was enhancement of quality 
of life. 

An initial investigation of the acceptance of nanotechnologies in and for foods (e.g. 
for food packaging) was carried out by Siegrist et al. (2007)160 in the German-
speaking part of Switzerland. Subjects were given information on realistic products 
and then interviewed regarding these products. The products were introduced in 
the following manner: 

 Food packaging for meat with nanosilver particles; advantage: extended 
shelf life; disadvantage: potential transfer of nanoparticles into the meat 
and as a result, harmful consequences to human health and the environ-
ment. 

 Fresh tomatoes with a nanocoating as a water and oxygen barrier; advan-
tages: the tomatoes keep longer, can be picked when they are more mature 
and are tastier; disadvantage: the
consequences of the coating for human health and the environment. 

 
 
158  Beer-Borst et al. (2005) did an analysis on a group of adults (35 to 74 years of age) in Geneva as 

to how much functional food they were consuming, and why. 33% of the interviewees knew what 

159  
ial consequences of nanotechnologies. The 

 

160  ght/spotid=1899.php. 

functional food was or had already consumed functional food. 

‘publifocus’ is a dialogue process developed by TA-SWISS which is designed to allow an early 
contribution to a factual discussion regarding the potent
goal of the discussion is to obtain initial assessments from the participants on acceptance, desires,
concerns and open issues regarding nanotechnologies; cf. http://www.ta-swiss.ch/www-
remain/projects_archive/publiforum/publifocus_Nano_d.htm. 

Brief summary see: http://www.nanowerk.com/spotli
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e juice stays 
fresh for longer and has a greater health-promoting effect; disadvantage: 

e whole, participants were reluctant to buy food with nanoscale ingredients or 

so, the study was conceived with regard to the presumed, not the actual, 
purchasing behaviour. Functional food products, in particular, have special target 

ential harmful consequences for the environment and for 

ication). Experts from the advisory group of this study criticised the 
statement on the potential harmful effects of beta-carotene nanoparticles and 

e food 
sector containing different types of information would be interesting in this regard. 

      

 Bread with nanocapsules containing fish oil (omega-3);161 advantage: the 
bread contains omega-3 fatty acids that are valuable for health but does not 
taste fishy since the capsules do not open until they are in the stomach; dis-
advantage: uncertainty whether the nanocapsules can have harmful conse-
quences for human health. 

 Juice fortified with beta-carotene nanoparticles; advantage: th

uncertainty with regard to potential harmful consequences for human health. 

On th
food packaged in packaging with nanoscale components. In general, packaging with 
nanoscale components was considered more advantageous than food with nano-
scale components: ‘nano outside’ is accepted more readily than ‘nano inside’. How-
ever, the perceived advantages for nanofood packaging did not lead to greater 
intent to buy. Thus, perceived advantages for a product do not appear to be a 
guarantor of consumer acceptance but they appear to be the best indicator even 
so. Since the average age of persons in this study who were responsible for buying 
groceries and who had an above-average education compared to the overall popu-
lation of Switzerland was 38, the results cannot be transferred to the total popula-
tion. Al

groups who may be more accepting of specific nanotechnology applications. 

Acceptance could also change if general risks for human health were not the focus 
of the discussion or if they could be eliminated completely. 

The statement on pot
human health by these products was derived from the general fact that there is no 
separate risk assessment for engineered nanoparticles and nanomaterials in food 
and that therefore it is not proven that they are safe in this respect (Siegrist, per-
sonal commun

nanocapsules containing fish oil (omega-3) as false and misleading.  

There was no control group in this survey that was offered a product description 
without potential general risks. Additional surveys on nanotechnology in th

                                           
 
161  In Australia, this bread is available on the market. 
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mers rate the application of nanotechnologies in 

han 

m the con-

erle and Hayn 

                                                

A study from Germany, ‘Consumer conference: Nanotechnology’, provides addi-
tional results on the potential and risks of nanotechnology applications from a con-
sumer perspective, especially in relation to food.162 The structure of the consumer 
conference resembles that of the publifocus on nanotechnologies by TA-SWISS. 
According to this study, the consu
food to be a highly sensitive area and consider it very unsatisfactory that in the 
current research funding on nanotechnologies in the EU and in Germany, only a 
minimal amount is allocated to risk research. On the other hand, they see an addi-
tional benefit for food safety from the application of nanotechnology to test how the 
cold chain might be secured by special packaging or to indicate spoiled food. How-
ever they also see the need for additional research in these areas as well. On the 
other hand, they are sceptical as to the benefit of foods that can change their prop-
erties ‘at the push of a button’ in future, for example a pizza that can change its 
flavour depending on the baking time.163 

Moreover, consumers demand compulsory labelling especially for food, and an 
approval procedure for nanoscale substances in food and food packaging. 

These results make clear that consumers will only accept nanotechnologies in food 
and food packaging if they are associated with a distinct additional benefit – 
whether with regard to health or to simplify everyday life164 – and if their applica-
tion is also labelled in a trustworthy manner. In general, consumers have a more 
positive attitude towards ‘nano outside’ (nanotechnologies in food packaging) t
towards nanotechnologies in food directly. 

7.4 Benefit aspects of nanotechnologies in food fro
sumers' perspective 

A key requirement for consumers – encompassing all styles of nutrition – is stress 
relief and desire for a simpler lifestyle. However the level of stress varies among 
styles of nutrition, just as the options vary that allow the consumer to implement 
stress relief in everyday life. Stress relief options must therefore be designed in a 
way that is specific to the style of nutrition (Eberle et al. 2006; Eb
2006): 

 
 
162  ‘Verbrauchervotum zur Anwendung der Nanotechnologie in den Bereichen Lebensmittel, Kosmetika 

und Textilien’ [Consumer recommendations on the application of nanotechnology in the areas of 
food, cosmetics and textiles], results of the ‘Consumer Forum on Nanotechnology’ (2006), Institut 
für ökologische Wirtschaftsforschung (IÖW) [Institute for Ecological Economy Research ]and the 
Unabhängiges Institut für Umweltfragen e.V. (UfU) [Independent Institute for Environmental Con-
cerns] in Germany (http://www.ioew.de/home/downloaddateien/Verbrauchervotum.pdf). 

163  Thus, a pizza that changes its flavour depending on the baking time was discussed as a potential 
example of such foods at the consumer conferences in Switzerland and in Germany. Even though 
such a pizza cannot yet currently be realised from a technical point of view (cf. Chapter 0), it is 
clear that consumers do not want such applications of nanotechnologies, or similar applications, re-
gardless of their technical feasibility. 

elf life etc. 164  Securing the cold chain, indicating spoilt food, longer sh
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 s ch as leaving foods in their natural state, 

 Stressed domestic managers work within a tight timeframe and financial 
situation, but their meals must meet certain requirements (healthy, self-
prepared, suitable for children, communal), so this leads to stress. They 
wish to ease their burden with respect to time as well as expenses. 

 For joyless habitual cooks, ‘having to cook’ in itself causes the stress but at 
the same time, this style of nutrition revolves around habits and is not very 
open to new products. 

 The cheap food and meat eaters as well as the disinterested fast fooders 
wish for stress relief regarding the amount of time, work, and money associ-
ated with their diet. 

 Diet-conscious discerning persons who set great value upon high-quality nu-
trition, enjoyment, taste, and health, would appreciate suitable product la-
belling. The requested qualities u
regionality, and seasonality, must be easily identifiable on these labels, 
which must also be credible. 

 However, a range of sustainable convenience food could also provide stress 
relief, as would comprehensive availability of sustainable food options. 

 What matters most to persons with a keen interest i  fitness is to reduce the 
stress involved with the time needed for meal preparation. Since a high-
quality diet is important to them and they have a greater than average trust 
in organic products, the pressure c

n

ould be taken off this group by a wide 
range of organic convenience products, but also by sustainable meals out-

-oriented persons wish above all for financial relief. The 

lability of desired products, credible and easy to understand product infor-
mation as well as by a combination of these stress relief factors. 

It is apparent in view of consumer needs that the products already available on the 
market (cf. Chapter 5) can satisfy existing consumer needs only to a limited extent. 

date
cism

side the home. 

 Conventionally health
pressure could be taken off them by means of ranges that guarantee mini-
mum standards for several qualities of sustainability such as ‘organic’, ‘re-
gional’ and ‘seasonal’. 

The key desire for stress relief and simplification can therefore be accommodated 
by the simplification of preparation, lower cost, a combination of desired qualities, 
the avai

Improved availability of vitamins and other substances can potentially accommo-
 the need for health – at least if the idea of health is more based on techni-
, as is the case for persons with a keen interest in fitness. 
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ily avail-

plied in excess quantities via food supplements 

 

ale ingredients in food or food packaging be investigated, 

comprehensive safety but honest and detailed infor-

                                                

It must, however, be considered that no evidence has been found as yet of a sig-
nificant positive effect on human health for the wellness, health, and sports drinks 
that are currently available on the market whose nanomaterials (micelles) contain 
vitamins and coenzyme Q10165 additives in order to make them more read
able to the body. 

By contrast for example, a variety of side effects that compromise health could 
occur if coenzyme Q10 was sup
(Bundesamt für gesundheitlichen Verbraucherschutz und Veterinärmedizin [Federal 
Institute of Consumers' Health Protection and Veterinary Medicine] 2001). Even 
constant overdosing of fat-soluble vitamins can have harmful effects on human 
health in the long term. 

Therefore, these products can satisfy this consumer group's needs only to a very 
limited extent. In the worst case, they even represent an obstacle to these needs if 
the nanoparticles contained in the functional drinks could intensify overdosing of 
the vitamins or nutrients contained in the carriers, for performance and fitness are 
of essential importance to this group.

7.5 Interim result 

The results described above from a variety of studies make it obvious that nano-
technology in food and food packaging will be accepted by consumers only if it is 
associated with a conspicuous benefit for consumers (e.g. with regard to health, or 
with regard to stress relief in everyday life), i.e. they enhance an individual’s qual-
ity of life. At the same time, it is essential for consumers that the risks that can be 
associated with nanosc
and also that information regarding these risks be furnished in a credible manner. 
In addition, consumers are pressing for nanoscale ingredients on food and food 
packaging to be labelled. 

Consumers are not expecting 
mation: they want to be ‘taken seriously’ (TA-SWISS 2006). 

 
 
165   Coenzyme Q10 is neither an essential nutrient nor a vitamin: it is ubiquitous and is synthesised by 

a healthy organism itself in sufficient quantity. As a food, it is rumoured to contribute to an ‘in-
crease in performance and health’ and in ‘strengthening of the body's defences’ (BgVV 2001). 
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because more and more new products are coming on the market 

bate on biotechnology in food is useful to be able to incor-

ect democracy. 

r the acceptance of biotechnology 

Biotechnology has shown that different areas of application of a technology are 

of the Swiss population sees no benefit in genetically 

ants are considered to 
be moderately useful by consumers but high-risk (Bonfadelli et al. 2007). These 
results from Switzerland are also in accord with the perception of biotechnology all 
over Europe (Gaskell et al. 2003). 

Focus group results from several European countries (Marris et al. 2001) show that 
citizens will not primarily base their assessment of the areas of application of bio-
technology on scientific and technical information. In fact, the context – the social, 
economic, and political environment – of the development and marketing of prod-
ucts is assessed.166  

                                                

8. Ethical aspects and comparison with the debate on
biotechnology in food 
Public perception and issues of acceptance of nanotechnologies are becoming in-
creasingly topical 
in various areas. The debate on biotechnology lends itself for comparison because 
both biotechnology and nanotechnology are referred to as key technologies that are 
applied in a variety of fields. However, for biotechnology in agriculture and nutri-
tion, public opinion has proved to be a decisive factor for the economic success of a 
technology in a certain field of application. 

A comparison with the de
porate consumers' information and safety needs at an early stage and allow them 
to participate in the upcoming debate on nanotechnologies, particularly in the food 
sector. It must be kept in mind that the social dimension forms one of the pillars of 
sustainable development. This is even more significant in Switzerland than in other 
European countries by reason of its dir

8.1 Citizens’ reasons fo

assessed differently by consumers. For the application of biotechnology in agricul-
ture and food production (agricultural biotechnology or ‘green biotechnology’), 
citizens' rejection level is high, whereas medical applications (‘red biotechnology’) 
experience a high acceptance level (Bonfadelli et al. 2007). 

Although the Swiss consider medical applications – genetic tests for hereditary 
diseases were specifically touched upon – to be fraught with a risk for society, they 
are nevertheless considered to be useful and ethically acceptable. 

By contrast the majority 
modified food but instead feel it poses a risk for society. The ethical acceptance for 
genetically modified food is low. Genetically modified crop pl

 
 

 
logy 

166  Questions asked in this context are: Who develops and markets what, and when and why? Are
consumers given a choice? Do the authorities have sufficient resources to evaluate the techno
and test its products? Who assesses the risks and potential long-term consequences? 
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 for acceptance (Bonfadelli et al. 2007). In the 
Swiss focus groups, the reservations primarily concerned the concept that nature 

rs and the environment. In 
the estimation of the focus groups, benefit and risk for medical applications 

 important reason for 
their scepticism. 

information were available. However the 
 conducted prior to the European direc-

            

One consequence of this is that ethical arguments outweigh biological or technical 
considerations, so that it is not so much the technical risks but rather the risks for 
society that are the decisive factor

should not be manipulated167 and that genetically modified plants simply did not 
offer any advantages for the consumer. The promise that genetically modified or-
ganisms (GMO) would satisfy world hunger was considered unrealistic (Bonfadelli et 
al. 2007). 

According to Marris et al. (2001), the following criteria proved to be very important 
in forming an opinion: 

 the need for a certain product: while the individual need appeared to be un-
ambiguous for the focus group participants with respect to medications, this 
did not hold true for food due to the wide range of types of a product. 

 the balancing of benefits and risks: for genetically modified crop plants, 
the benefit was seen for those companies that were marketing the seed, 
while risk would have to be borne by consume

primarily affected the individual patient. 

 the handling of scientific and technical uncertainties and knowledge 
gaps: for the focus group members, the point was not that new technologi-
cal applications should not be associated with risks at all; rather, they as-
sume that there will be long-term effects. The fact that stakeholders denied 
the scientific uncertainty therefore proved to be an

The balancing of benefits and risks was less relevant overall for the assessment 
than the criteria ‘dealing with uncertainties’ and ‘need.  

The potential supply of information was considered important. Thus, for medica-
tion, consumers can normally inquire about information on risks and side effects 
and emergency plans in a personal conversation with the physician/pharmacist or 
can have these facts explained to them. Individual differences can also be ad-
dressed at this time. For genetically modified food, however, the complaint was that 
no comparable information and sources of 
cited studies by Marris et al. (2001) were
tives on regulations on labelling and traceability of genetically modified organ-
isms.168 

                                     
167  This point does not refer to technical aspects of modification by genetic engineering but to the 

general awareness of the complexity and interactions in an ecological system where nothing can be 
changed without triggering further consequences. 

168  cf. Regulation (EC) No 1830/2003 by the European Parliament and the Council of 22.9.2003 con-

 

cerning the traceability and labelling of genetically modified organisms and the traceability of food 
and feed products produced from genetically modified organisms as well as on the amendment to 
Directive 2001/18/EC, Official Journal L 268 of 18.10.2003, p. 24. 
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ests more closely in mind in future (Bonfadelli et al. 2007). 

ting physicians and patients enjoy a high degree of trust 

 50% 

 early 1990s due to a 

alysis of the risk: it calls for knowledge on environmental 

nstead, consumer attitude is differentiated, ambivalent and can change in 
the course of the debate (Bonfadelli et al. 2007). 

The role of relevant players proved to be another critical criterion for the evaluation 
of biotechnology. Here, the trust in the players was a very influential factor in the 
opinion-forming process (Priest et al. 2003). In particular the application of bio-
technology in agriculture was perceived to be a conflict between the powerful eco-
nomic interests of the agro-companies and the relatively underrepresented organ-
ised interests of the consumers. Consumers’ rejection of biotechnology motivated 
them to counter the influence of the big companies so that these would keep con-
sumer inter

For the majority of European citizens, public research, consumer organisations and 
organisations represen
regarding biotechnology (status: 2002/2003). With respect to the regulation of 
biotechnology, the European Commission was considered more trustworthy than 
the respective national governments. Apart from the national governments, the 
industrial players were also accorded a relatively low level of trust: less than
of the European population trusts them, 25% has no faith in companies and the 
government (Gaskell et al. 2003). 

There is a higher level of knowledge of biotechnology in Switzerland than in the rest 
of the EU. This is the result of the public discussion process on biotechnology that 
has been conducted very intensively in Switzerland since the
variety of national referendum initiatives (Bonfadelli et al. 2007). In addition, it has 
been debated very objectively in particular in the run-up to the national referendum 
on 27 November 2005 on the popular initiative ‘For foods from biotechnology-free 
agriculture’ [Für Lebensmittel aus gentechnikfreier Landwirtschaft].169 The calls 
made by the popular initiative refer to the risk-ethical aspect and in particular to 
the scientific-technical an
risks and health risks from genetically modified organisms to be obtained by 2010 
(March 2006). 

While public perception of biotechnology is frequently described as being character-
ised by wide-ranging fears, the consumers' criteria for evaluation can be clearly 
described: as consumers make up their minds, they consider the need for a certain 
product and the players' handling of scientific and technical uncertainties. In addi-
tion, although this is less relevant, they evaluate the benefit and risks, and assess 
the players. 

Consumer attitude towards a comparatively high-risk technology such as biotech-
nology with many areas of application cannot be classified as clearly supportive or 
hostile. I

                                                 

In the national referendum, the Swiss voted for a five-year moratorium as an ‘adjournment’, with a 
55.7% majority of votes cast, while release attempts continue to be

 
169  

 permissible. 
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 individual daily routines and everyday activity 

e data regarding the different areas of application of nanotechnology 

th care (see Chapter 7.3), such an attitude is not unlikely since bio-

For the majority of citizens, an (individual) additional benefit of genetically modified 
foods is not the only decisive factor for acceptance. This means that a large major-
ity of Swiss would not buy and eat any genetically modified food even if it had a 
distinct additional personal benefit e.g. it was cheaper, contained less fat or tasted 
better (Bonfadelli et al. 2007). 

It remains to be seen, however, whether the consumer attitude expressed in the 
surveys will actually turn out to be negative towards genetically modified foods in 
specific everyday purchase decisions.  

Thus, Gaskell et al. (2003) makes the qualifying statement in comparable euro-
barometer surveys that attitude and actual behaviour can differ and that, in sur-
veys, people act more from the ‘citizen’ point of view than the ‘consumer’ point of 
view, this means that they express their political opinion beyond their daily rou-
tines. As shown in Chapter 7, consumer behaviour in the nutrition requirement field 
is not determined by knowledge alone. Apart from values and orientation, skill, 
emotions, personal experience, and media environment, consumers' nutritional 
behaviour is also characterised by
patterns. Fundamental attitudes must be reconciled with the specific daily routine 
and this may involve conflicts between the daily routine and the underlying atti-
tude. 

8.2 Public perception of nanotechnologies in the food sector 

In the 2005 eurobarometer surveys, the majority of European citizens considered 
nanotechnology to be beneficial overall for society and ethically justifiable and did 
not perceive it as being particularly risky. A majority thus argued in support of the 
continued promotion/funding of nanotechnologies (Gaskell et al. 2006). 

Even though th
is still short, it shows that here too consumers assess different applications in a 
differentiated manner. Siegrist et al. (2007b) consider the food and health sectors 
to be those fields of application where controversies could arise. According to a 
survey in the German-speaking part of Switzerland on nanotechnology in food, the 
respondents would not decide in favour of purchasing the products in spite of a 
perceived benefit (Siegrist et al. 2007a). Even if the results of this survey must be 
interpreted wi
technology surveys have reached similar conclusions. 
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 projects and group discussions. They include the 

anotechnology applications.173 In this respect, a potential controversy is 
looming here. The consumers' information and safety need is thus different from 

k. 
This means that the ethical aspects in the public's perception of nanotechnology will 

ssessments 

                                                

It must furthermore be assumed that the players' handling of the consumers' in-
formation and safety needs is going to affect their perception and attitude signifi-
cantly. What aspects these information and safety needs refer to has already been 
described quite well in Switzerland,170 Germany,171 and the United Kingdom172 in 
the context of public dialogue
following demands in particular: 

 labelling, in order to allow for the freedom of choice during a purchase, but 
also to prevent deception; 

 more active provision of information on research projects and public 
discussion; 

 more extensive risk research; and 

 approval procedures for nanoscale substances in food or supplementary 
assessment of substances that are already approved if they are used in 
nanoscale form. 

Surveys in Switzerland conducted by Siegrist et al. (2007b) show that lay people 
assess the risk of nanotechnology applications to be higher than experts; that is to 
say that the population has more reservations than the players who develop and 
test n

the one that experts consider appropriate regarding the scientific-technical ris

play a comparatively important role, as was the case in the biotechnology debate 
(see Chapter 8.3). 

The vote of the citizens of Switzerland and Germany matches critical a
from publications that have compared the debate on the application of biotechnol-
ogy in agriculture and the development of nanotechnology so far. The main points 
of criticism in the nanotechnology development process are:  

Einsiedel and Goldenberg (2004) make the criticism that, measured against the 
enormous amounts of funding and the numerous publications on nanotechnology, 
risk research has been severely neglected. 

 
 
170  On the publifocus (public consultation) ‘Nanotechnologien – Bedeutung für Gesundheit und Umwelt 

[Nanotechnology, Health and the Environment]’   
cf. http://www.ta-swiss.ch/a/nano_pfna/2006_TAP8_Nanotechnologien_e.pdf. See also Chapter 0. 

171  In November 2006 in Germany, the 16 participants at the ‘Consumer conference: Nanotechnology’, 
which the Federal Institute for Risk Assessment had been in charge of, drafted a consumer vote: 
http://www.bfr.bund.de/cm/220/verbrauchervotum_zur_nanotechnologie.pdf. See also Chapter 0. 

172  Including the NanoJury project, http://www.nanojury.org.uk. 
173  This is not the case for all new technologies: for electromagnetic radiation for example, experts 

assess the risk to be higher than lay people do (Siegrist, personal communication). 
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rpret relevant activities and processes. It is thus 

hat it is more likely a communication problem 

ties on the part of the industry and 
sks to the population, prior to the mar-

8.3 Ethical aspects in nanotechnology 

ral level of meaning. 

ral principles of good conduct. The 
application of these principles to an individual case requires practical power of 
judgement and a skilled conscience. Aristotle compares this with the physician's 
and the helmsman's art. They possess theoretical knowledge which, however, 
must be applied in a situation-specific manner (Aristotle 2006). 

According to an initial analysis of the ethical aspects of nanotechnologies, Grunwald 

ogy

na

In a survey of companies in Switzerland and Germany that produce or use nanoma-
terials, a considerable number of companies indicated that they did not have a 
structured approach to assessing the risks of nanomaterials (Helland et al. 2008; 
Siegrist et al. 2007c). This statement must be qualified by mentioning that the term 
‘risk assessment’ was not defined in this company survey and that the companies 
were therefore able to freely inte
more likely that the handling of nanomaterials is well covered by best practices, 
occupational safety and health regulations etc. but that the companies do not or 
cannot specify this. This means t
which, however, is not conducive to citizens' confidence in the industry.  

Kuzma and VerHage (2006) see too few activi
the authorities that address the perceived ri
ket introduction of new products, even if the products are not actually toxicologi-
cally hazardous. 

The debate on the application of biotechnology in the food sector has highly been 
characterised by ethical issues. Thus, numerous consumers consider genetic engi-
neering to be an impermissible interference with nature. Even the normative step in 
risk assessment, namely, how empirical results should be evaluated, represents a 
central issue in the biotechnology debate. 

Consequently, the ethical aspects of food with nanocomponents should also be 
looked at. In this context, the characteristic features and goals of ethics must first 
be addressed. 

Ethics is aimed at the development of universal standards and values. It attempts 
to answer the question what should be done in certain situations. The simplest such 
question originates from Immanuel Kant: ‘What should I do?’ In the process, this 
question should not just be interpreted exclusively at the mo
According to Kant, this question has three components: a technical one, a prag-
matic one, and a moral one (Kant 1983).  

To this end, ethics rationalises the gene

(2004) concluded that there are no genuinely new ethical aspects in nanotechnol-
 that would justify specific ‘nano-ethics’. Rippe (2007), too, assumes that sepa-

rate ‘nano-ethics’ are not required since the same ethical principles must apply to 
notechnologies as to everyday life. 
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terised by 

ns have their own criteria of decision as described above for the 
debate on biotechnology. 

tations of the risk and ethical 

vel can only be solved by a comprehen-

If comparisons are drawn to the debate on biotechnology, it must be assumed that 
the debate on the risks of applying nanotechnologies in the food sector is influenced 
by a variety of factors, with the ethical dimension playing a central role. In this 
context, the three-level model developed by Haller (1995) makes valuable contribu-
tions to the cognitive process. Haller postulates that risk communication and risk 
perception basically occur on three levels, where each level is based on a specific 
logic and generates its own objectivity. 

The first level of involvement with the risk is the scientific and technical debate, in 
which an objective, knowledge-driven analysis of the risk takes place. In contrast, 
an emotional debate occurs on the second level, which is strongly charac
the different perception of the risk on an individual level and by hopes and fears. 
The decision on whether a risk is considered to be acceptable critically depends on 
an individual's attitude. This does not mean, however, that individuals act irration-
ally; rather, citize

Finally, on the third level, group-specific interpre
aspects are addressed. This social and ethical level also creates the framework in 
which overall concepts such as that of sustainability can be located. The three 
levels' differing objectivities are often contradictory and form the starting point of 
conflicts. According to Haller, the intensity of these conflicts moves from the scien-
tific and technical level via the emotional/psychological level up to the social/ethical 
level, and conflicts on the social/ethical le
sive dialogue about risk that includes science, politics and the public (cf. Figure 3). 

 
Figure 3: Three-level model of risk communication and risk perception (Hal-

ler 1995; Grobe 2004) 
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 sociological aspects of food and eating (cf. 

ntil now, the developers and manufacturers of nanofoods 

 
risk of new technologies. However, the configuration of the precautionary principle 
is controversial in each case, namely, whether a strong or weak approach should be 
chosen (Rippe 2007): 

                                                

Currently, the ethical level is not yet at the forefront in the discussion of risks of 
nanotechnology in food and food packaging. This is also due to the fact that the 
products currently available on the market, such as the additives amorphous silicon 
dioxide or carotenoids, have either been used for this purpose for decades or, as in 
the case of food supplements, are advertised as nanotechnological and serve a 
selected target group. As of yet, no product exists which could be expected to have 
a revolutionary impact on lifestyles and
also Chapter 5). 

It is exactly this, though, that represents the concern in the debate on nanofoods, 
as the frequently quoted example of the ‘Tutti Gusti’ pizza shows which, from a 
technological point of view, must be considered a myth. A second example which is 
not quite so much in the spotlight of the public debate is nanobiotechnology ap-
proaches such as synthetic meat.174 

An emerging emotional debate can thus be observed. This debate threatens to 
intensify by the fact that u
have only been contributing extremely reluctantly to an objective and knowledge-
driven debate. Consequently, some consumer and environmental protection asso-
ciations are calling for a general requirement to label nanomaterials to allow con-
sumers to identify nanotechnology modifications and to choose accordingly (BUND 
2008; Büning 2007; Friends of the Earth 2008). 

Configuration of the precautionary principle175 plays a central role in the risk/ethical 
dimension (Bachmann 2006; Rippe 2007). It is now the case that the precautionary 
principle is no longer challenged in principle by most players when regulating the

 
 
174  Nanobiotechnology describes that branch of nanotechnology research where biological and non-

biological systems are combined on the nanoscale. This is aimed at applying nanotechnology proc-
esses and materials in the life sciences and to harness biological materials and concepts for produc-
ing technical nanosystems   
(Bachmann 2006).  
The development of synthetic meat comes under the area of nanobiotechnology. A research ap-
proach pursues the goal of ‘tissue engineering’, the breeding of tissue by means of cell cultures in 
the laboratory. For example, researchers at the University of Maryland (United States) as well as 
the Universities of Utrecht and Wageningen (Netherlands) are working on growing artificial meat in 
vitro from muscle cells taken from poultry or cattle. The advantages of this process, according to 
the researchers, consist in being able to specifically adjust the nutrients in meat (e.g. the use of 
omega-3 fatty acids instead of omega-6 fatty acids). Furthermore, it is assumed that synthetic 

ould cau
 with (U

actually makes ses. Synthetic meat was therefore not incorporated 
into the analysis of the product and research market because it is not clear that engineered nano-
materials or nanoparticles, for example a framework of nanofibres which allows the cells to grow in 
a directed manner, are used. 

175  The precautionary principle represents an essential principle of environmental and health policy and 
states that in view of the danger of severe or irreversible damage, the lack of complete scientific 
certainty must not be used as an excuse to delay measures that are justified within themselves. 

meat w se less damage to the environment because fodder and its cultivation can be dis-
pensed niverseToday 2005; Vogel 2006). It is unclear in this research approach how far it 

use of nanotechnology proces
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k analysis. This approach can be accentuated and summarised as 

ab  safety measures be taken. 

ently in connection with nanotech-

 between technology and the life. 

The ethical aspects listed, however, refer to the application of nanotechnologies in 
 

m n  
cert

The u ive justice between North and South is a political issue in the 
nutr lay 
rath t 
be d

Priv i-
cally all 
with y 
in e

The l 
aspe
it is s in the current debate on nanotechnology in the food 
se

The strong precautionary principle emphasises gaps of knowledge and requires the 
reversal of the burden of proof (that is, the manufacturer must prove in each given 
case that its product is safe). The precept of the strong precautionary principle 
reads: ‘Abstain if you have any doubts.’ 

On the other hand, the weak precautionary principle is based on maintaining the 
burden of proof (that is, the damaged party must prove that he/she was injured by 
manufacturer xyz's product). However, the manufacturer is obliged in turn to per-
form a careful ris
follows: ‘Take precautions and act.’ 

However, the configuration of the precautionary principle can also differ in the 
assessment of empirical results as is the case in the biotechnology debate, for 
example. While some demand a moratorium in terms of the strong precautionary 
principle, others demand that suit le

Whether it is the strong or the weak form of the precautionary principle comes to 
the fore in regulating the risk of nanotechnology developments in the food sector 
will depend on how the engineered nanomaterials and nanoparticles would be used 
in future. In principle, the strong precautionary principle applies to food additives, 
extensive toxicological tests must be submitted before additives are approved. 

Further ethical aspects that are listed most frequ
nologies (Grunwald 2006) are: 

 technical improvements of humans, 

 distributive justice, 

 privacy and control, and 

 the relationship

the most diverse of sectors. For example, technical improvement and/or human
a ipulation might be an issue for nanotechnology methods in medicine but is

ainly not relevant for the food sector. 

 aspect of distrib t
ition and food sector. In the industrial nations themselves, this aspect will p
er a secondary role as the few nanofoods concern the mass market and will no
eveloped only for certain groups of buyers. 

acy and control could potentially play a role in the context of nanotechnolog
 optimised and controlled nutrient intake but that would be more likely to f
in the medical field. So far, this has especially been an issue of nanotechnolog
lectronics. 

 relationship between technology and life, however, is an important ethica
ct especially for nanofoods. As is evident from the ‘Tutti Gusti’ pizza example, 

 one of the first question
ctor that comes up completely independently from the toxicological risk.  
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authors, it also applies to Switzerland and 

their 

enefits, 

 the public in decision-making processes. 

e development of an ethically responsible applica-
nsiderably on the debates 
 level, as could be shown 

 scientific and technical aspects. 

ng with nanocomponents (Chapter 

Foods have a high symbolic content in many cultures, and sociological aspects of 
food and eating often form an integral component of the culture of a country or a 
region. This is true particularly for countries such as France and Italy but, in the 
opinion and personal experience of the 
its regions. Nanotechnology additives and nutrients support existing trends to 
highly processed convenience products and novel food. However the question about 
the debate on culture surrounding food and cultural values – ‘How do we want to 
live?’ – is not going to be posed based solely on nanotechnology in view of the few 
products currently available on the market. 

The final result of these considerations is that the application of nanotechnologies in 
the food sector should not, in principle, be questioned from an ethical point of view. 
However, ethical considerations should accompany the further process of develop-
ment in a constructive manner. This also follows from the statement made by the 
delegates of the Protestant Church in Germany. Kordecki et al. (2007) promote the 
responsible application of technology. Criteria here should be: 

 estimating the consequences, whereby the potential of a nanomaterial 
should be analysed throughout its life, 

 assessing the risks, which includes the classification of nanomaterials, 
labelling, and monitoring programmes, 

 balancing the costs and b

 evaluate alternatives, and 

 justice and including

However it is also certain that th
tion of nanotechnologies in the food sector will depend co
at the scientific and technical and emotional/psychological
by the example of the three-level model. Against this backdrop and in view of the 
extremely guarded (risk) communication by the developers and manufacturers of 
nanofoods it can currently not be ruled out that the debates will be decided exclu-
sively by ethical considerations and less by

8.4 Interim result 

Against the backdrop of the analysis of public perception of genetically modified 
food (Chapter 8.1) and food and food packagi
8.2) as well as considering ethical aspects (Chapter 8.3) it must be assumed that 
for the majority of consumers, the acceptance level of nanotechnologies in the food 
sector is rather low. 
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mponents. 

ed that, due to the non-transparent 

l/psychological and the social/ethical 
able conflicts. 

mmarised that individual perception of the bene-
hich the debate on the application of nanotech-

 in future will 

Like the discussion on biotechnology, the current debate on the application of 
nanotechnologies in the food sector is based less on scientific and technical facts 
but rather on the perceived risks and an assessment of the social, economic and 
political environment where the development and marketing of products is man-
aged. With respect to the characterisation of these constraints, there are marked 
parallels between the debate on biotechnology and the debate on nanotechnology, 
for three main aspects: 

 As for genetically modified food, in many cases, no need can currently be 
clearly identified for food with nanoco

 In their personal balancing of benefits and risks, the majority of con-
sumers (in spite of some existing individual benefit aspects) decide not to 
purchase; accordingly, the individual additional benefit represents a neces-
sary but not a sufficient criterion for the acceptance of nanotechnology 
products in the food sector. 

 With respect to dealing with scientific and technical uncertainties, 
most developers and manufacturers still do not acknowledge that there are 
unresolved issues. It is therefore fear
handling of uncertainties at the scientific and technical level, the discussion 
of risks will be shifted to the emotiona
level, where it will create consider

Against this backdrop it can be su
fit/risk ratio and the manner in w
nologies in the food sector will be carried forward by the key players
be critical to consumer acceptance. 
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ry/trade, research/consulting, public authorities, 

29 stakeholders 

9. Stakeholder survey 
The results of the stakeholder survey that was conducted after the interdisciplinary 
analysis are presented below. 

9.1 Stakeholder selection 

Players from indust
banks/insurance and NGOs were included in the selection of stakeholders. In coor-
dination with TA-SWISS and the advisory board, the following 
were selected for the survey: 

a) Stakeholders from industry and trade 

Coop: Ms Hofer and Mr Röser 

Kraft Foods: Ms Norton 

miVital: Mr Schneider 

Nestlé: Dr Watzke 

Tetra Pak: Mr Meyer 

Unilever: Ms Grassau-Zetschke 

b) Stakeholders from research and consulting 

EMPA (Swiss Federal Laboratories for Materials Testing and Research)St. Gallen: 
Dr Peter Wick 

ETH (Swiss Federal Institute of Technology) Zurich, IED (Institute for Environ-
mental Decisions): Prof. Siegrist 

Innovationsgesellschaft (Innovation Society Ltd.), St. Gallen: Dr Meili 

Novartis, Basel: Dr Kuster 

Schweizerisches Verpackungsinstitut (Swiss Packaging Institute): Mr Durrer 

Stiftung Risiko-Dialog (Risk Dialogue Foundation): Dr Grobe 

University of Bern, Anatomy Institute: Prof. Gehr 

University of Zurich, Institute for Public Relations and Media Research (IPMZ): 
Prof. Bonfadelli 
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c) Stakeholders in public auth

Federal Office of Public Health (FOP

orities 

H), Bern: Dr Charrière 

Federal Institute for Risk Assessment, Berlin: Dr Zimmer 

Assoc. Prof. Dr Hübner 

Federal Office for the Environment (FOEN), Bern: Prof. Karlaganis 

Cantonal Food Office Basel City: 

Cantonal Food Office Bern: Dr Deflorin 

Cantonal Food Office Zurich: Dr Etter 

d) Stakeholders from insurances and banks 

Credit Suisse, Zurich: Dr Vayloyan 

Münchner Rück: Dr Schmid 

Swiss Re, Zurich: Dr Epprecht 

e  non-governmental organisations (NGOs) 

matrici della Svizzera Italiana (ACSI): Ms Soldati 

des Consommateurs (FRC): Ms Khamis 

r Forum], Zurich: Ms Troesch-Schnyder 

umer Protection] (SKS), 

Ve le Bundesverband [Federal Association of Consumer Advice 

As  and Medium Farmers (VKMB): Mr Karch 

A d isciplinary 
analysis and this was the stakeholders in December 2007, asking them 
to n to the written responses received, in-depth inter-
vie ysed 
an

9.2 Response rate and self-assessment 

20
quest s answered more or less extensively, which results in an 
overall response rate of 67%. As shown in the figure below, however, the re-
sponse rate varied greatly between the individual stakeholder groups: more than 
80% of the representatives of public authorities participated while the response 
rate in the industry/trade stakeholder group was only 40%. 

) Stakeholders from

Associazione Consu

Fédération Romande 

Konsumentenforum kf [Consume

Stiftung für Konsumentenschutz [Foundation for Cons
Bern: Mr Meier 

rbraucherzentra
Centres], Berlin: Ms Büning 

sociation for the Protection of Small

etailed questionnaire was developed based on the results of the interd
emailed to 

please respond. In additio
ws were conducted with selected stakeholders. The results were then anal
d summarised in the present working paper. 

 of the 29 stakeholders approached participated in the survey and returned a 
ionnaire that wa
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Response rate by stakeholder groups
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Fig

To
expertise regarding food, food additives and food processes. According to this, 
alm
sta
sion  least selective knowledge (see the following fig-
ure

ure 4: Breakdown of response rate by stakeholder group  

 classify responses and qualify the stakeholders, they were asked to assess their 

ost 20% are carrying out their own research on the topic. About 40% of the 
keholders reported that they were continually monitoring the technical discus-
, while another 40% have at

). 
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Self-assessment of stakeholders with respect to their technical 
knowledge of food, food additives and food processes
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Selective knowledge No knowledge

 

Figure 5: Self-assessment of stakeholders with respect to thei
knowledge of food, food additives and food processes 

r technical 

A slightly different picture emerged for expertise regarding food packaging: here, at 
25% there were clearly fewer stakeholders who were continually monitoring the 
discussion; 15% reported that they had no specific technical knowledge. 
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their technical knowledge of food packaging
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Self-assessment of stakeholders with respect to thFigure 6: eir technical 

components 

Based on the response rate of those stakeholders who had more than just selective 
knowledge, we were able to confirm the results on market availability from Chap-
ter 5. Even so, some considerable knowledge gaps were found among the experts 
selected, which can be attributed to the fact that the information available on 
nanotechnology in the food sector is relatively lightweight. Particularly in the area 
of agricultural applications, definite errors of judgement were encountered regard-
ing the availability of plant protection agents with engineered nanomaterials. For 
food and processes in the production of raw materials and food, however, there 
were some mentions of products or processes with nanocomponents that were not 
yet registered. These leads were pursued within the scope of the revision of this 
chapter. If valid information was found, the relevant product or process was incor-
porated. 

knowledge of food packaging 

9.3 Market availability of food and food packaging with nano-
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.4 Toxicological risk 

In order to assess the human-toxicological risk for the engineered nanomaterials 
used in the food sector, the stakeholders were asked to first evaluate the current 
exposure of consumers and the specific potential risk of relevant nanomaterials. 
Regarding the probability of exposure, the survey showed that, almost without 
exception, most stakeholders considered the current level of exposure to be low to 
very low. It must be noted, however, that depending on the nanomaterial used, a 
large percentage (in some cases greater than 50%) of the stakeholders did not 
provide any information. The migration of nanosilver from food packaging was a 
significant exception: here, almost 25% of stakeholders conjectured a high to very 
high exposure of consumers. 

 

9

Stakeholder assessment of consumer exposure caused 
by the migration of nanosilver from food packaging

5%

15%

10%

25%

very high

high

average

low

very low10%

don’t know

20%
15%

no opinion

 
Figure 7: Stakeholder assessment of consumer exposure caused by the 

migration of nanosilver from food packaging 

In the second part of the questionnaire, on the toxicological risk, the stakeholders 
were asked to assess the human-toxicological risk potential of the following in-
gested materials: 

SiO2, 

TiO2, 

ZnO, 

Aluminium/Al2O3, 

Silver, 

Gold, 

IP/A/STOA/2009-09 109 PE 424.755



STOA - Science and Technology Options Assessment 
___________________________________________________________________________________ 

 
Amorphous carbon, 

s have only a little technical knowledge of this topic, 
or at least only partial knowledge. We will therefore expand on the few specifically 

rmulated assessments below. 

A very detailed general assessment of hazard potential was submitted by the repre-
sentative of a public authority, whose exact wording is quoted below:  

 ‘For food and food packaging, the oral intake path is the primary 
focus. The dermal and inhalative intake paths are secondary. It 
must be noted for the oral intake path that even if a nanoparticle 
is absorbed through the intestine, it is not yet systemically avail-
able (that is, it will not enter the blood directly), but it will first 
be detoxified by the liver. 

 Pharmacological studies performed in the 1980s have shown that 
encapsulated active ingredients without a special coating 
(“stealth particles”) are retained in the liver. However, if the par-
ticles cannot be broken down in the liver, granulomas can form 
that could cause long-term damage. The biological degradability 
of nanoparticles is thus of vital importance.’ 

On the other hand, another representative of a public authority, expressed the 

‘No gradua , but from our 
point of view the potential risk can be assumed in principle for the entire 

ented that for metal oxide nanoparticles in particular, general 
statements were hardly possible as the potential risk was strongly dependent on 

 size distribution, coating, degree of agglomeration, etc. Degradable nano-
als such as micelles, on the other hand, are not stable and are expected to 

down at the latest when they enter the liver. The risk then corresponds 
t of the active agent transported; however, the (desired) increased bioavail-

idered. 

icelles, the above liposomes are not expected to be relevant for foods but 
ly to be more relevant for cosmetic applications. Here too, the stability and 

he transported substance are the critical parameters. 

Synthetic polymers, 

Micelles (based on polysorbate and protein materials), and 

Liposomes. 

They were also asked to indicate, if possible, which specific material parameters 
(e.g. size, type of coating) these statements would refer to. 

Overall, stakeholders rated the potential risk for most nanomaterials as quite low to 
very low. Nanosilver and nanogold are assumed to have the highest hazard poten-
tial. However, analysis of the responses to the toxicological risk potential also 
showed that most stakeholder

fo

following view: 

tion (concerning the risk potential) possible

list.’ 

It was also comm

particle
materi
be broken 
to tha
ability must be cons

Unlike m
are like
toxicity of t
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tentials 

rs were able or willing to contribute any information on the 
was pointed out 

that there were currently no verifiable estimates available and/or that the existing 

stion on economic po-

9.5 Economic po

Very few stakeholde
economic potentials of nanotechnologies in the food sector. It 

data was very speculative. 

A representative from the public authorities' stakeholder group at least submitted 
the following qualitative assessment in response to the que
tentials:  

Table 3: Economic potentials of nanotechnologies in the food sector (quali-
tative information provided by a polled stakeholder) 

Swiss market Global market Market volume 
for currently 2010 2020 currently 2010 2020 
Food small small n. s. small medium n. s. 
Food packaging small medium n. s. small medium n. s 
Food produc-
tion processes medium medium n. s. medium medium n. s. 

Only one stakeholder fr an-
titati obal 
mark

Tabl  nanotechnologies in the food sector (quan-

om the banking/insurance sector was able to provide qu
ve information on the market potential for the Swiss market and the gl
et, which is summarised in the following table. 

e 4: Economic potentials of
titative information submitted by a polled stakeholder) 

Swiss market Global market Market volume 
(in CHF) for currently 2010 2020 currently 2010 2020 

Food 5 million 
10 mil-
lion 

50 mil-
lion 5 billion 

10 bil-
lion 

50 bil-
lion 

Food packag-
ing 5 million 

20 mil-
lion 

100 
million 1 billion 5 billion 

25 bil-
lion 

Food produc-
tion processes n. s. n. s. n. s. n. s. n. s. n. s. 

It is e of 
the public authority a  
agree for the Swiss market as regards content; for the global market though, the 

apparent from the two tables that the assessments by the representativ
nd the stakeholder from the banking/insurance sector roughly

latter already assumes a relatively high market volume which will grow significantly 
in future. 
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y little feedback was received was the most important 

holder from the research/consulting stakeholder group assumes that the 
rren

most important test influence 
o e of techn  for food packagin nt coin-
c  at least part  a ent ub ity enta -
t  he believes t su ill be t o-
v f ven  

A older from a public authority, however, holds the view that now and 
i h fo g dust e e ost 

l stakeholders who have com-
mented on this issue believe that only the industry will provide significant impulse. 

panies: for the S tra Pak for 
f and for th et, Kraft Foods ( nd food 
p

9.6.2 Barriers to the mar ran nanotechnol od od 
p ing 

T rta s  a n o in od 
s wis a sent itua-
ti g s wit rd to y asp and the lack of consumer 
acceptance. In the opinion of the stakeholders, this will change in future to the 

 

9.6 Aspects of the emergence of technology 

9.6.1 Players 

Another topic on which ver
players in the process of the emergence of technology, with information provided 
primarily by stakeholders in the public authority sector. 

One stake
industry is cu tly the most important player, for both food and food packaging. 
For 2010 and 2020, this stakeholder assumes that industry will continue to be the 

driver for food, but that consumers will have the grea
n the emergenc
ides

ology, at least g. This stateme
ly with the ssessm  by a p

e most
lic author

an
 repres tive, al

nhough hat con mers w h  import t drivers in the in
ation process in uture, e  for food.

nother stakeh
n future, for bot food and od packa ing, in ry and res arch will b  the m
important players, with regulatory authorities emerging as the third most important 
player for food in 2010 and 2020 on the Swiss and global markets. 

With regard to these food production processes, al

Only one stakeholder from the banking and insurance sector named specific com-
wiss market, Nestlé for food and KHS Plasmax and Te

ood packaging, 
ackaging). 

e global mark for both food a

ket ent ce of ogy fo and fo
ackag

he most impo nt barrier
s market 

 for the
t pre

pplicatio
were said to be the ambiguous legal s

f nanotechnologies  the fo
ector in the S
on, the knowled e gap h rega  safet ects, 

effect that in 2010, compulsory labelling and lack of acceptance will be the two 
most important barriers. It is even assumed for 2020 that these two barriers will 
become more important and will continue to dominate the debate (cf. the following 
figure). 
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Significant barriers for the application of nanotechnologies
 in the food sector (Swiss market)
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Figure 8: Significant barriers for the application of nanotechnologies in the 
food sector (Swiss market) 

With respect to the barriers for the global market, no significant differences were 
found in terms of barriers for the Swiss market, either with regard to the overall 
result or with regard to the breakdown into individual stakeholder groups. 

9.6.3 Success factors for the market entrance of nanotechnology food and 
food packaging 

blic about risk and increase in research. It is expected that venture 

In the stakeholders' estimation, the two most important success factors for the 
application of nanotechnologies in the food sector in the Swiss market are dialogue 
with the pu
capital will become more important as a factor of success for 2010 and 2020 and 
that funding by state players will decrease in importance (cf. the following figure). 

IP/A/STOA/2009-09 113 PE 424.755



STOA - Science and Technology Options Assessment 
___________________________________________________________________________________ 

 

Important factors of success for the application of 
nanotechnologies in the food sector (Swiss market)
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Figure 9: Important factors of success for the application of nanotechnolo-
gies in the food sector (Swiss market) 

gain, this 
applies with respect both to the overall result and to the breakdown into individual 

 
with the results of the analysis of the legal situation (cf. Chapter 6). A similar result 
arises from compliance with Good Manufacturing Practices and the quantity restric-
tions for additives. Whether a consumer health risk can be ruled out by the existing 
approval procedure for engineered nanoscale additives is neither confirmed clearly 
nor negated by the respondents. 

However, when analysing the responses according to stakeholder groups, the com-
paratively high approval for stakeholders from research/consulting and public au-
thorities is conspicuous, while only a very small amount of approval came from 
trade. 

For the success factors, as for the barriers, the stakeholders do not expect any 
significant differences between the Swiss market and the global market. A

stakeholder groups. 

9.7 Regulatory environment 

For the regulatory aspects, the stakeholder survey arrived at the conclusion that 
the current positive principle in market access control for food additives (only addi-
tives that are expressly listed in the Additives Regulation can be used in food) does 
not adequately cover the potential risks of nanoscale additives. This view coincides

IP/A/STOA/2009-09 114 PE 424.755



Nanotechnology in the Food Sector 
___________________________________________________________________________________ 

 
A distinct 75% majority of respondents therefore urges the re-assessment of risks 
when approved food additives on a macroscale are replaced by corresponding 
nanoscale substances. It was clear that stakeholders from trade, public authorities 
and NGOs agreed strongly, while those in the research/consulting stakeholder 
group agreed to e very low degree. 

Compulsory labelling of engineered nanomaterials contained in functional food and 
food packaging, on the other hand, is supported by only 57% of respondents (high 
and very high agreement), with the advocates primarily coming from the trade and 
NGO stakeholder groups. A public authority representative pointed out in this con-
text that labelling is important especially if the nanomaterials are present in the 
finished product as nanoparticles without being incorporated in a matrix. 

 

Stakeholder agreement on the hypothesis that hazards to 
consumer health from engineered nanomaterials can be ruled out 

based on the current approval of food additives. 

24%

19%

14%

14%

19%
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average
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10%
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don’t know
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nt on the hypothesis that hazards to con-Figure 10: Stakeholder agreeme
sumer health from engineered nanomaterials can be ruled out 
based on the current approval of food additives 
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Stakeholder agreement on the hypothesis that 
the presence of engineered nanomaterials should 

be declared for functional food and food packaging

38%10%
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very high

high
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Figure 11: Stakeholder agreement on the hypothesis that the presence of 
engineered nanomaterials should be declared for functional food 
and food packaging 

Labelling should also apply for intermediate and semifinished products for reasons 
of traceability (52% with high and very high agreement). As the numerous com-
ments made by the respondents show, a multitude of important requirements must 
still be clarified with respect to the labelling option (e.g. labelling only for nanoma-
terials that are present as nanoparticles in the final product; the boundary between

dentally, it can b
ered to be suffic ging industry as a 
(temporary) reaction to the regulatory gaps in market access control, open risk 
ssessment issues and social debate are neither clearly advocated nor clearly re-

jected. This coincides with the previously mentioned potential advantages and 
disadvantages of a voluntary commitment by the industry. In this context, an NGO 
representative pointed out that consumers were most unlikely to accept a voluntary 
nanocode originating only from the industry. 

 
food chemistry and nanotechnology must be defined; risk-based declaration). Inci-

e inferred that the previous labelling requirements are not consid-
ient. Voluntary compliance by the food and packa

a

IP/A/STOA/2009-09 116 PE 424.755



Nanotechnology in the Food Sector 
___________________________________________________________________________________ 

 

9.8 Benefits for consumers 

In addition to the hypotheses regarding the regulatory environment, the stake-
holders were also asked for their assessments and judgements regarding the analy-
sis of social aspects (cf. Chapter 7). With respect to the benefit of food and food 
additives to the consumers, the stakeholder verdict is split. Thus, although 38% of 
stakeholders respond with high to very high agreement to the hypothesis ‘Con-
sumer benefit currently outweighs (potential) risks for food additives’, 33% respond 
with low to very low agreement. Another third is undecided or has no opinion on 
this topic. 

Interestingly enough, the particularly high agreement with this hypothesis came 
mainly from public authorities and NGOs, while the low to very low agreement is 
evenly distributed among all stakeholder groups (Figure 12). In the opinion of the 
stakeholders, the benefit outweighs in particular for nanotechnologically optimised 
food packaging with respect to the aspect ‘natural nutrition’ and ‘health-promoting 
nutrition’ (cf. the following figures). 

Stakeholder agreement with the hypothesis that consumer 
benefit currently outweighs (potential) consumer risks overall

15%

25%

10%

5%

10%

30%

5%
very high

high

average

low

very low

don’t know

no response

 

Figure 12: Stakeholder agreement with the hypothesis that consumer benefit 
currently outweighs (potential) consumer risks overall 
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Figure 13: Stakeholder assessment regarding the additional consumer benefit 
with respect to a natural diet with fresh food 

Stakeholder assessment regarding the additional consumer 
benefit with respect to a health-promoting diet
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Figure 14: Stakeholder assessment regarding the additional consumer benefit 
with respect to a health-promoting diet 
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In contrast, t ically 
overall. How lopers are 
currently not m le to the con-
sumers both with respect to risks as well as with respect to the individual benefit 
(cf. the following figures). 

he additional benefit of interactive food is viewed rather crit
ever, the stakeholders agree that the manufacturers/deve

aking adequate and transparent information availab

Stakeholder agreement on the hypothesis that consumers 
already receive extensive and transparent information 
on product risks from the manufacturers/developers

20%
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very low

don’t know

no response
70%

 

Figure 15: Stakeholder agreement on the hypothesis that consumers already 
receive extensive and transparent information on product risks 
from the manufacturers/developers 
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Stakeholder agreement on the hypothesis that consumers
already receive extensive and transparent information on 

the individual benefits of the products
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Figure 16: Stakeholder agreement on the hypothesis that consumers already 

receive extensive and transparent information on the individual 
benefits of the products 

9.9 Parallels with the debate on biotechnology/ethical aspects

ehol
hypotheses that 
debate on biotec , it was hypothesised that, as 
in the debate on biotechnology, consumers are also more likely than not guided by 
moral and ethical considerations when evaluating nanotechnologies. As can be seen 
from the following figure, a large majority of stakeholders agree with this hypothe-
sis, with the agreement being particularly high from the research/consulting and 
public authorities' stakeholder groups. 

 

Finally, stak ders were asked to submit their assessments and judgements on 
were constructed in the course of the analysis of parallels with the 
hnology (cf. Chapter 8). In doing so
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Stakeholder agreement regarding the hypothesis that 
consumers are less likely to evaluate the application 

of nanotechnologies in food according to scientific or 
technical but rather moral and ethical considerations

35%

25%

15%

25%

very high

high

average
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Figure 17: 
te the application of nanotechnologies in 

food according to scientific or technical but rather moral and ethi-
cal considerations 

Stakeholder agreement regarding the hypothesis that consumers 
are less likely to evalua

A very similar picture was encountered also in the stakeholders' response to the 
hypothesis that consumers would currently not buy nanoproducts in the food sector 
in spite of the measurable benefit with regard to certain aspects due to the lack of 
clarity regarding risks. The majority of stakeholders also pointed out that the poor 
communication with regard to opportunities and risks even exacerbates the risks 
and that the food sector differs negatively on this point from other sectors. In this 
context, one stakeholder from the research sector surmised that the industrial 
players in the food sector do not know or understand the risks themselves and are 
therefore silent. 
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Three-fourths of the stakeholders even assume that due to the existing communi-
cation deficits on the part of the manufacturers and developers a social controversy 
is threatening that could become as intense as the debate on biotechnology. Here, 
along with markedly high agreement with this hypothesis by representatives from 
research/consultancy, public authorities and NGOs, there was consistently high to 
very high agreement from the trade sector. 

Stakeholder agreement with the hypothesis that the manner of 
risk communication by the developers and manufacturers of 
nanofoods could in future lead to a social controversy that 

is comparable to the debate on biotechnology

18%

5%
5%

40%

very high

high

average

don’t know

no response32%

 

Figure 18: Stakeholder agreement with the hypothesis that the manner of 
risk communication by the developers and manufacturers of nano-
foods could in future lead to a social controversy that is compara-
ble to the debate on biotechnology 

Against this backdrop, the majority demanded an approval procedure similar to that 
used for genetically modified food in order to address the existing knowledge gaps. 
Furthermore, in the stakeholders' opinion, public dialogues regarding the risks (and 
opportunities) of nanotechnologies in the food sector can make the debate more 
objective. However, at least some stakeholders doubt whether such dialogues 
would induce a higher degree of consumer acceptance per se. 
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nanotechnology in the food sector, we 
start with a section containing relevant criteria for the toxicological risk assessment 
of engineered nanomaterials as the starting point for the assessment of the mate-
rial basis (cf. Chapter 10.1). Building upon this, a summarising evaluation of engi-
neered nanomaterials used will follow, which distinguishes between food (cf. Chap-
ter 10.2) and food packaging (cf. Chapter 10.3). In addition to the risk assessment, 
the principal results from the interdisciplinary analysis and the stakeholder survey 
are summarised in a consolidated form in the following Chapter 10.4, together with 
mention of the benefits and opportunities. The final synthesis looks at the results of 
the study in an integrated approach and presents a forecast of future perspectives 
for the application of nanotechnologies in food and food packaging (cf. Chapter 
10.5). 

10.1 Preamble: risk assessment of engineered nanomaterials 
in the food sector 

The market analysis performed within the framework of this study (cf. Chapter 5) 
yielded the result that there are foods both in the Swiss market as well as in the 
global market that contain engineered nanomaterials according to the definition 
chosen for this study (cf. Chapter 4). Consumers can be exposed through the oral 
ingestion of engineered nanomaterials which, for food, is intentional. By compari-
son, the inhalative and dermal absorption of nanomaterials in the food sector usu

subordinate 176

Engineered nano
environment sim
present toxicolog ted on a case by case basis. 

                                                

10. Overall evaluation 
Based on the interdisciplinary analysis (cf. Chapters 5 to 8) and the stakeholder 
survey (cf. Chapter 9), an overall evaluation is performed for the application of 
nanotechnologies in food and food packaging. In view of the fact that health effects 
are the focus of the current discussion on 

-
ally plays a  role for consumers.  

materials are not, however, of concern for human health or the 
ply due to their anthropogenic origin. Instead, the potentially 
ical risk must be studied and evalua

Since the concern about potential consumer health risks by engineered nanomate-
rials represents an important aspect in the public discussion, the following segment 
formulates initial guiding principles as to how an assessment of the health hazards 
of engineered nanomaterials in food might be carried out.177 

 
 
176   Exceptions are the inhalative intake of powdered food with nanocomponents (e.g. separating 

agents) and food where intensive skin contact can occur (e.g. baking mixes). 
177   Neither ecotoxicological risks nor toxicological risks of engineered nanomaterials in food packaging 

are discussed, as they would go beyond the scope of this study. 
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ssessment as both in Switzerland and in the EU 
materials is still in the early stages. Thus hardly 

opean Commission's Directorate-General for Re-

s and nanomaterials in food (Aguar and Murcia Nicolás 

o t assess-

d 

                                                

This is, however, merely an initial a
risk assessment of engineered nano
any178 toxicology studies have been conducted on the oral intake path of engi-
neered nanomaterials.179 

The Swiss Federal Council, in its report Engineered Nanomaterials Action Plan, 
which was published on 9 April 2008, points out that the current recommendations 
for engineered nanomaterials are based almost exclusively on comparisons with 
particles of micrometre size. In order to effectively approach the open issues on 
potential human and ecotoxicological effects, to identify the sources of the expo-
sure and potential safety risks, the scientific and methodological requirements to 
recognise and to avoid potential hazardous consequences are to be created within 
the scope of the research programme ‘Opportunities and risks of nanomaterials’ 
which was launched on 28 November 2007. Aspects relevant to health, such as 
toxicokinetics, particle translocation, metabolism, bioaccumulation and biopersis-
tence are named explicitly as important research foci (Federal Department of Home 
Affairs 2008). 

According to a report by the Eur
search, there are no ongoing EU-level projects in the European research framework 
programmes and national development plans that study the toxicological risks of 
engineered nanoparticle
2008). For this reason, it was also postulated by the German authorities BAuA 
(Federal Institute for Occupational Safety and Health), BfR (Federal Institute for 
Risk Assessment) and UBA (Federal Environment Agency) that secondary legislation 
in their respective regulatory context (e.g. on food additives) must be further de-
veloped by research and development activities in due consideration of the current 
status of scientific knowledge (BAuA, BfR, UBA 2007). 

At the European level, however, it is underst od in scientific discussion tha
ment of engineered nanoparticles and nanomaterials must take place on a case by 
case basis. 

The European Food Safety Authority (EFSA) – as of mid 2008 – has considere
a general risk assessment to be difficult because it depends on the respective 
physical and chemical properties as well as the toxicokinetics of the individual 
nanomaterials.180 According to statements by the EFSA, individual applications 
are still the only means of identifying safety hazards.181 

 
 
178  An American study dealt with the movement of engineered nanomaterials in single-cell and multi-

cell organisms; cf. http://www.nist.gov/public_affairs/techbeat/tbx2008_0530_trophic.htm. 
179  The following overview of information regarding risk assessment reflects the status quo mid 2008, 

180  333.htm. 

when the enquiries for this study were made. 

cf. http://www.efsa.europa.eu/EFSA/efsa_locale-1178620753812_1178678412
181  cf. Koëter (2007) and http://www.efsa.europa.eu/EFSA/DocumentSet/2007-10-

08_EFSA_to_COM_Nanotechnology_Revised_ToR,0.pdf. 
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cquisition stage and asked the relevant players to submit 

nd Rural Affairs (DEFRA 

nomaterials in the respective food, as the starting point for an evalua-

                                                

At the instigation of an ordinance by the European Commission, EFSA is currently 
preparing an expert opinion on the need for specific risk assessment approaches 
for nanotechnology applications in the food and feed area.182 In early 2008, the 
EFSA was at the data a
data on nanotechnology applications and nanomaterials in food and animal 
feed183.184 

Although the Scientific Committee On Emerging and Newly Identified Health 
Risks, SCENIHR, of the European Commission deals mostly with issues outside 
the food sector, the committee's expert opinion dated June 2007 does suggest 
very specific framework conditions for the risk assessment of nanoparticles in 
food. It states that physical and chemical characterisation of the nanomaterial 
must be the starting point. This is followed by four risk assessment stages: 

 Stage 1: To identify whether the manufacture, use and/or end of use dis-
posal/recycling could result in exposure of humans and/or environmental 
species.  

 Stage 2: Characterisation of the nature, level, and duration of the expo-
sure 

 Stage 3: To identify the hazardous properties of any forms of the nano-
material to which significant exposure is likely  

 Stage 4: Hazard characterisation and risk assessment 

SCENIHR (2007) thus suggests an approach that first orients itself to the proba-
bility, level, duration, etc. of the exposure before incorporating toxicological as-
pects. 

The British Department for Environment, Food a
2006) likewise primarily suggests assessment of exposure, based on information 
as to what quantities of a certain food are consumed, together with the quanti-
ties of na
tion of nanoparticles in food. Toxicological aspects of nanoparticles are consid-
ered in risk assessment only in the event of potential exposure. 

 
 
182  The English title is: ‘Scientific opinion on the need for specific risk assessment approaches for 

technology/processes and applications of nanoscience and nanotechnologies in the food and feed 
area’; cf. http://www.efsa.europa.eu/EFSA/DocumentSet/2007-11-

183  nd 

184  mmittee on The Potential Risks Arising from 
 

_en.pdf?ssbinary=

27_sc_nanotech_revisedmandate_en.pdf. 

In particular regarding applications and products, methods and verification procedures, use a
exposure, risk assessment, toxicological data and environmental studies. 

The EFSA Scientific Opinion of the Scientific Co
Nanoscience and Nanotechnologies on Food and Feed Safety was published in March 2009
(http://www.efsa.europa.eu/cs/BlobServer/Scientific_Opinion/sc_op_ej958_nano
true)  
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Co
ho
na

The risk assessment approaches described (DEFRA 2006; SCENIHR 2007) all pro-

cle
to 
ch

mistry (e.g. electric charge) and all surface modifications, 

 metabolism, i.e. the possibility that the nanoparticles can be modi-
strointestinal tract. 

It 
pa
they are suspended in liquid. In order to be able to evaluate such agglomerates, 

It can be deduced from these properties on a case-by-case basis whether the engi-
neered nanoparticles or nanomaterials in food are excreted undigested as is 
obviously the case for cyclodextrins.185 This possibility appears to pose no risk to 
human health. The only question that arises then is whether, for a certain surface 
condition or surface reactivity, (short term) side effects such as irritations or 
allergies could occur at the intestinal wall.  

ab-
sorb ls 
mus  for the risk assessment. Thus, the following 

 a 
subs

An exposure assessment can, however, not be the starting point for the risk as-
ssment of food additives as the consumption and thus the exposure are intended. 
nsequently, toxicological studies for foods rank foremost. For food packaging 
wever, prior exposure assessment is relevant as the transition of engineered 
nomaterials into the food is usually not intended. 

ceed on the characterisation of physical and chemical properties of nanoparti-
s before a toxicological or toxicokinetic assessment is carried out. In order 
be able to describe nanoparticles in that regard in more detail, the following 

aracteristics must be known: 

 particle size and size distribution, 

 particle shape characteristics, 

 chemical characterisation (inorganic or organic particles, potential chemical 
reactions, etc.), 

 surface characteristics (e.g. surface area and surface layer composition.), 

 surface che

 solubility of the engineered nanoparticles/nanomaterials in water, and  

fied/metabolised by the food or by secretions from the ga

must furthermore be considered that, due to the attractive forces between the 
rticles (Van der Waals forces), inorganic nanoparticles can agglomerate unless 

information must be available on: 

 the size of the primary particles, 

 the size of the agglomerates, and 

 the strength of the agglomerate binding forces (Krug 2008). 

However, if it is likely that the engineered nanoparticles or nanomaterials are 
ed via the gastrointestinal tract, the dynamic properties of nanomateria
t also be taken into consideration

properties must be analysed in order to be able to assess the toxicokinetics of
tance: 

                                                 

cf. 
 
185  

in is considered harmless. Like a water-soluble fibre, it is not utilised by the organism.’ 
http://www.zusatzstoffe-online.de/zusatzstoffe/174.e459_beta_cyclodextrin.html: ‘Beta-

cyclodextr
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ey are systemically available; 

 therefore an important determinant for their toxi-

les in the body (distribution) and possibly 

ithelium was shown for TiO2 in the magnitude of 150-500 
ated in the liver and the spleen. Ultrafine metal 

s-
e that 

there are particularly sensitive cell types; SCENIHR (2007) recommend that in vitro 
ected 

tised nanoparticles can be created. There are, 
w size differences affect metabolic path-
s (SCENIHR 2007); 

creted undigested, provided that side effects such as irritations or 
allergic reactions can be ruled out, or 

rsion 
into

Absorption in the gastrointestinal tract: the absorption of engineered nanopar-
ticles or nanomaterials from the gastrointestinal tract can occur via the intestinal 
epithelial cells, which are permeable for the digestive products, or via specific lym-
phatic cells in the intestinal epithelium as well as via the stomach. The absorption 
of nanoparticles does not necessarily mean that th
that is, they do not arrive directly into the systemic blood but first get into the liver, 
via the portal vein circulatory system. Pharmacological studies showed that encap-
sulated active substances without any special coating (‘stealth particles’) can be 
intercepted in the liver. If the particles cannot be broken down in the liver, granu-
lomas will be formed that could result in potential long-term damage. The biological 
degradability of nanoparticles is
cological evaluation (Wengert 2008); 

Migration behaviour of nanopartic
accumulation of particles in certain cells and tissues: translocation to the 
blood via the intestinal ep
nm; the TiO -particles accumul2

particles, however, were not absorbed in significant amounts from the gastrointe
tinal tract. Lipophilic nanoparticles can accumulate in fatty tissue. It might b

studies be carried out to investigate whether certain somatic cells could be aff
by the absorption and storage of nanoparticles; 

Solubility behaviour under gastrointestinal conditions; 

Metabolism of engineered nanoparticles or nanomaterials: it is so far un-
clear, in particular for persistent nanoparticles, how they behave inside the body. If 
nanoparticles are channelled in cells via phagocytosis and are as a result exposed 
to reactive oxygen species, deriva
however, no studies on hand yet as to ho
ways and the degradability of nanoparticle

Paths of excretion. 

The above remarks have shown that the oral intake of engineered nanomaterials is 
subject to extremely complex processes and numerous interactions with biological 
systems and that it is therefore almost impossible to make blanket statements 
characterising the human-toxicological risk. Although studies on inhalative toxicity 
are now available in for some nanomaterials, there are still no corresponding stud-
ies on oral toxicity. 

If, however, an orientating initial assessment of the toxicological risk of individ-
ual nanomaterials is to be done, the following two criteria can be used first and 
foremost according to present knowledge. Thus, a comparatively low toxicological 
risk is assumed for Nanomaterials 

that are ex

that can be metabolised (broken down) in the body, provided the conve
 non-toxic breakdown products occurs. 
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(cf. Chapter 5). Nanomaterials avail-

erials currently identified 

It is, however, pointed out that a final toxicological evaluation using the criteria 
listed above is not possible, due in particular to their exclusively qualitative nature, 
and that the results of the initial assessment must be verified by corresponding 
studies with respect to immunotoxicity, distribution, metabolism, excretion and 
toxicity of the metabolites. By comparison, insoluble or poorly soluble nanomateri-
als can have a significantly higher chronic-toxicological effect because they are 
metabolised only slowly, or incompletely, accumulate in the body, and can thereby 
lead to long-term exposure of the organism. 

10.2 Assessment of engineered nanomaterials in food 

In the following table, engineered nanomaterials are listed that were unequivocally
identified in the scope of the market analysis 
able on the Swiss market are shaded in grey. Furthermore, the function or desig-
nated purpose of the individual nanomaterials is listed. Since consumer exposure to 
the nanomaterials used occurs for all food containing engineered nanocomponents, 
the toxicological characterisation focuses on the human-toxicological hazard poten-
tial. The current status of knowledge for oral intake is also listed. 

Subsequently, the nanomaterials are listed in Table 6 are those already being used 
in foods at the international level but that are not approved in Switzerland or in 
Europe for such applications. The associated products are consequently controver-
sial applications that are not recommended. 

It is apparent from this table that the engineered nanomat
as relevant to the Swiss food market do not pose a risk to human health; for some, 
however, safety of the nanoscale material cannot be finally assessed. They are 
substances that are either water-soluble or can be metabolised without creating 
toxic breakdown products. 
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Table 5: Engineered nanomaterials used in foods (grey background: avail-

able on the Swiss market) 

Nanomaterial Specification (accord-
ing to manufacturer 
/developer) 

Function/ intended 
use 

Exposure Human-toxicological 
hazard potential 
(intake path inges-
tion) 

Amorphous silicon 
dioxide (E551) 

Primary particle 5-50 
nm, agglomerates in the 
product >100 nm 

Separating agent, flow 
agent and anticaking 
agent in powdered food 

yes (intended) Low since water-soluble  
(approved as food additive 
in Switzerland and in the 
EU) 

Carotenoids Colloidal particles of 200 
nm diameter 

Colouring; health pro-
moting effect 

yes (intended) Low since degradable and 
metabolites non-toxic (ap-
proved as food additive in 
Switzerland and in the EU) 

Polysorbate 
micelles 
(E432, E433) 

Polysorbate 20 or poly-
sorbate 80 with 30 nm 
diameter 

Encapsulation of vita-
mins, colourance and 
preservatives, omega-3 
fatty acids, coenzyme 
Q10, isoflavones, flavon-
oids, carotenoids, plant 
extracts, etc. 

yes (intended) Low since degradable and 
metabolites non-toxic (ap-
proved as a food additive in 
Switzerland and in the EU) 

Beta- 
cyclodextrin 
(E459) 

no information Encapsulation of  
flavourings and omega-3 
fatty acids 

yes (intended) Low since undigested excre-
tion (approved as a food 
additive in Switzerland and 
in the EU) 

Liposomes 
(E322) 

no information ??? yes (intended) Low, since degradable and 
metabolites non-toxic (ap-
proved as a food additive in 
Switzerland and in the EU) 

Micelles of poly-
glycerol fatty acid 
ester 

no information Encapsulation of iron yes (intended) Presumably low as degrad-
able and metabolites non-
toxic (GRAS status) 

Silicon salt no information Food supplement yes (intended) Depends on solubility 

Diatomaceous 
earth 

no information Food supplement yes (intended) Depends on solubility 

Calcium salt no information Food supplement yes (intended) ? (depends on solubility; is 
one of the essential miner-
als) 

Magnesium salt no information Food supplement yes (intended) ? (depends on solubility; is 
one of the essential miner-
als) 

Iron no information Food supplement yes (intended) Depends on solubility; is one 
of the essential minerals 

Zinc no information Food supplement yes (intended) ? (trace element) 
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in Europe for this purpose 
Table 6: Engineered nanomaterials used internationally in food but not 

approved in Switzerland or 

Nanomaterial Specification (accord-
ing to manufac-
turer/developer) 

Function/intended 
purpose 

Exposure Human-toxicology haz-
ard potential (intake 
path ingestion) 

Titanium no information Food supplement186 yes (intended) ? 

Copper no information Food supplement182 yes (intended) ? (toxicological results [for 
higher doses]: Irritation of 
the gastrointestinal tract, 
hepatic cirrhosis, damage 
to the immune system) 

Silver Colloids with particle sizes 
of 26 nm 

Food supplement182 yes (intended) High, since biocidal 

Gold Colloids with particle size 
of 10 nm 

Food supplement182 yes (intended) High, since catalytic effect 
(stomatitis, dermatitis, 
kidney damage,  
hemorrhagic diathesis, 
bronchitis; allergic reac-
tions) 

Platinum no information Food supplement182 yes (intended) ? (toxicological results: 
discomfort in the gastroin-
testinal tract; eczema, 
dermatides, toxic to kidney, 
ototoxic, airways allergies, 
mutagenic effect) 

Palladium no information Food supplement182 yes (intended) ? (classical toxicology: 
allergy) 

Iridium no information Food supplement182 yes (intended) ? 

 

f morphou no ysorb
) and beta-cyclodextrin (E459) have

toxicolog  according to Europe rm discussed. 
Accordin idelines of  Commission ific Co
ood hese con  with r abolis

cokinetics as well as studies and feeding experiments in order to assess (sub-
)chro notoxicit y and d de
toxicity. In addition, it must be investigated whether the substances

ies or intolerances. Discussions fro
her ver, poin ic limit es, e.

cide approval procedure does not cover interactions and combined effects of vari-
ous p  means nes m ect of
amendments and improvements in order to incorporate new insights i
approval systems. 

                                                

The 
(E432 and E433), liposomes (E322

ood additive a s SiO2 (E551), carote ids (E160), pol ate micelles 
 undergone 

ical evaluation
g to the gu

an specif
 the European

ications in the fo
’s Scient mmittee on 

F  (SCF 2001), t tain information espect to met m and toxi-

nic toxicity, ge y, carconogeneit reproductive an velopmental 
 are immu-

notoxic and
ot

 whether they can ca
 sectors, howe

use allerg
t out the scientif

m 
g. the pesti-s of such studi

esticides. This that such guideli ust be the obj  continuous 
nto existing 

 
 
186  This is a contentious product which is not recommended. 
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on is 
e, like

toxicology hazard pot
ed ‘cl  tential (

at hig  additio uch as iridium and titan
be fou hich there is no classical toxicology data. 

As sh r 7, cons p s n st a 
centra plification  t of n
are therefore particularly accepting of nanotechnology if it is associate
benefit (e.g. with respect to relief in everyday life or with regard to he
this backdrop, it is evident that the products with nanoscale ingredien
5) alr m c
satisfy aging (cf 10.3
availa s i  this
fundam , i
body with all vital substances. In most cases, therefore, food supplem
required. The only necessary enrichment – in our latitudes – consis
menting iodine in table salt. This is the joint position of the German N
ety (DGE), the Austrian Nutrition Society (ÖGE), the Swiss Society utrition 
(SGE)  Nutrition E in velo
values for nutrient intake (DGE, ÖGE, SGE, SVE 2000). However lac
can occur as the result of malnutrition in persons who have intoleranc
on long-term and unbalanced diets, or who have a high degree of a
bacco consumption. Furthermore, malnutrition can also become rele
tive population groups such a t st-fe
and seniors. In such cases, the administration of selected fortified n be 
indicat s of nutri in uld o  be taken 
pon a physician's advice and under a physician's supervision (DGE, ÖGE, SGE, SVE 

The situati different for substances used as food supplements outside Switzer-
land. Thes  nanoscale silver, gold and platinum, can have an elevated human-

ential. Furthermore, when using copper, substances are em-
ploy  that have at least a 

her dosages). In
nd on the list for w

assical’ toxicological
n, substances s

hazard po although only 
ium can also 

own in Chapte umers – encom as ing all nutritio yles – feel 
l need for sim and a reduction of he complexity utrition. They 

d with a clear 
alth). Against 
ts (cf. Table 

eady available on the Sw
ing consumer needs. At bes

iss market cannot 
t, novel pack

ake a significant 
. Chapter 

ontribution to 
) or improved 

bility of certain mineral 
entally true, however

ubstances can prov
that a balanced and varied

de a benefit in
 diet prov

 respect. It is 
des a healthy 

ents are not 
ts in supple-
utrition Soci-
 for N

 and the Swiss  Association (SV )  the jointly de ped reference 
k of nutrients 
es or who live 
lcohol and to-
vant in sensi-

s children, pregnan  women, brea eding women 
 food ca

ed. High dose ents, e.g. of vitam s or iron, sho nly
u
2000). 

The substances that are used as food supplements outside Switzerland (cf. Table 
6) only partly satisfy the requirements listed above. Some of the substances even 
run counter to them (e.g. silver) as they have an elevated human-toxicological 
hazard potential and their benefit for human nutrition has not yet been proven 
conclusively. 
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tes their respec-

 barrier layers available on the Swiss market that contain nanocomponents 
in composite foil or PET bottles. These prevent the escape of flavourings or – for 

s been shown that nanocomponents in food packaging available on 
the global market also offer distinct benefits for consumers (e.g. through their 
antimicrobial effect), it is possible that they have a higher toxicological hazard 
potential. 

10.3 Assessment of engineered nanomaterials in food packag-
ing 

The engineered nanomaterials identified in food packaging or used during the 
manufacturing process are summarised in the following table, which also highlights 
those nanomaterials that already exist in the Swiss market and sta
tive functions and intended purposes. With respect to potential consumer exposure 
to engineered nanomaterials, it is clear that this can not be ruled out entirely for 
the barrier layers available on the Swiss market because in some cases the nano-
materials (here: silicon dioxide and amorphous carbon) are in direct contact with 
the food. Although silicon dioxide, for example, is a substance that has been ap-
proved as a food additive and is considered harmless, the silicon dioxide used in 
food packaging in all likelihood has other dimensions in the event that it transfers 
into the food (formation of 40 nm thickness and several µm for the other two di-
mensions). In this respect, the toxicological harmlessness of silicon dioxide as a 
food additive cannot be automatically assumed when silicon dioxide flakes away 
from nanoscale barrier layers of food packaging. On the other hand, silicon dioxide 
according to the Regulation on Food and Articles of Daily Use (LGV) (Article 33 in 
conjunction with annex 1 list 2) is a permissible additive in food packaging. 

Amongst the food packaging with engineered nanocomponents already available on 
the global market there are substances, such as nanoscale silver and zinc oxide, 
which are specifically designed to migrate into the packaged product in order to 
ensure antimicrobial effects. At the same time, the substances listed either have an 
elevated toxicological hazard potential or this potential has not been established 
conclusively. 

Nanotechnology in food packaging, just as in food (cf. Chapter 7 and Chapter 10.2), 
is accepted by consumers only if it is associated with an obvious benefit. This is the 
case for

drinks – the escape of carbon dioxide. However, further studies are required on the 
application of silicon dioxide and amorphous carbon to be able to completely rule 
out any danger to consumers. 

Although it ha
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ing the manufacturing process (grey: available on the Swiss 
Table 7: Engineered nanomaterials used in food packaging and dur-

market) 

Nanomaterial Specification (accord-
ing to manufacturer / 
developer) 

Function / intended 
purpose 

Exposure Human-
toxicological 
hazard potential 
(intake path – 
ingestion) 

Aluminium Layer with a thickness of 
50 nm 

Barrier layer in composite 
foils 

No, because laminated 
with sealing foil 

? (classical toxi-
cology: anaemia, 
osteopathy, en-
cephalopathy, 
Alzheimer’s sus-
pected) 

Aluminium oxide Layer with a thickness of 
50 nm 

Barrier layer in composite 
foils 

No, because laminated 
with sealing foil 

see aluminium 

Silicon dioxide Layer with a thickness of 
50 nm 

Barrier layer in composite 
foils 

No, because laminated 
with sealing foil 

? 

 Layers with a thickness of 
40-60 nm 

Barrier layer in PET bot-
tles 

Possible, because some 
direct food contact 

? 

Amorphous carbon Layers with a thickness of 
20-200 nm 

Barrier layer in PET bot-
tles 

Possible, because some 
direct food contact 

? 

Phyllosilicates Surface-modified mont-
morillonite with a thick-
ness of  
1 nm 

Barrier layer in PET bot-
tles 

No, because multi-layer 
construction 

? 

Silver No information Antimicrobial agent in 
packaging, refrigerators, 
kitchen appliances 

Yes, because migration 
into the product is 
intended 

High, since bio-
cidal 

Zinc oxide No information Antimicrobial agent and 
UV protection in  
packaging 

Yes for antimicrobial 
packaging specific mi-
gration into the product 
is intended 

? (classical toxi-
cology: hepato-
toxic) 

Magnesium oxide No information UV protection in  
packaging 

? ? 

Titanium dioxide Particle size 15 nm UV protection in  
packaging 

? ? 

Colloidal silicic acid No information Flocculant and fining 
agent in wine and fruit 
juice manufacturing 

? ? 

Calcium silicate No information Fodder additive ? ? (inhalation 
studies available 
only) 

Sodium aluminium 
silicate 

No information Fodder additive ? ? 
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0.4 Summary transdisciplinary assessment 

e heal
nologies in food 
ethical perspectives. In addition, aspects of the emergence of technology and paral-

ls w ech lts of these in
atio o d erence

resea s formulated at the beginning (cf. Chapter 2). 

As of today, there are only a few nanoscale food additives, additives
nano ods c
Swis m n
caking agent), carotenoids (colouring) and micelles (‘nanocapsules’ for vi
and coenzyme Q10), which have been produced and used for many years al
On the Swiss market, no novel nanomaterials could currently be identified
packaging products containing nanotechnology additives are commercially

le,  th
rier p es towards oxygen, water vapour and flavourings, as well as PET bot-
tles w o sup-
plem th nanoscale nob etals (silver, gold, e ackaging with 
antim ot  nsor 
syste ss sensors) are already available on th rkets. 

Most  of nano nology additives are prises in the 
chem an  sili-
con d d rotenoids) but there are already a num-
ber of small (‘start-up’) companies, e.g. Aquanova, NutraLease and Allied Biotech 
Corp th food packaging, the nanotechnology additives are also incorpo-
rated end produ blis s
KHS Plasmax, Sidel and Hon e ts list e 
primarily manufactured by s specia panies (e.g. Purest 
Collo  States). 

The nanotechnology additive currently effe l
tionalities (e.g. optical amelioration by carotenoids, conveyance of coloured addi-

s  liquids by ll as an i provement of bioava ility 
(e.g. of fat-soluble vitamins a etals). 

handling by the consumer must be mentioned (e.g. 
kaging wi ents extends the shelf life of the 

e e improv  an /or the active components 
added and makes the product e.g. ripeness sensor). Optimisation 
f th erties in nd their ra

application (e.g. development of the beer market for PET bottles). 

1

Beyond th th risk issues, the study also examined the application of nanotech-
and food packaging from the economic, ecological, legal, social and 

le
g

ith the debate on biot
ns are summarised bel
rch question

nology were considered.
w with key words in bol

 The resu
, with direct ref

vesti-
 to the 

 with 
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parating agent, flow a
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ready. 
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ith an optimised oxyge
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le m

rrier. Furthermore, fo
tc.) and food p

d 
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ms (ripene

lly nanosilver), UV pr ection and integrated
e international ma

se

manufacturers tech  large-scale enter
ical industry (e.g. Evon
ioxide; BASF, DSM an

oration. Wi

ik, Cabot Corporation 
LycoRed for ca

d Wacker for amorphous

 in the above cts primarily by esta
eywell. In contrast, th
mall and highly 
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 food supplemen
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ed ar

ids Inc., United
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tive  into colourless  micelles) as we
nd noble m

m ilab

In addition, improved end 
pourabi
cont

lity). Food pac
nts due to th

th food compon
ed barrier properties
 properties visible (

d

o e barrier prop packaging materials can also expa nge of 
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ry communication from 

food manufacturers, it is currently not possible to make forecasts of products 

In addition, the investigations conducted in the context of this study, and the advi-

ding 
population groups. In addition, care must be taken – from the perspective of sus-

mercial relevance of engineered nanomaterials in the 

rall sales of several hundred billion 

ental potentials 
for nanotechnology-optimised plastic packaging (e.g. PET bottles), which can re-
place aluminium and glass packaging. Furthermore, positive ecological effects are 
expected if less food will actually spoil due to the improved barrier properties in 
food packaging. 

Due to the extremely restrained and sometimes contradicto

available in the short to medium term in the food sector. In the stakeholder 
survey, a major manufacturer remarked, that due mainly to knowledge gaps in the 
toxicology field, procedural requirements, and the incompatibility of nanotechnology 
products with the desired brand image (‘leaving products in their natural state’), 
neither specific new nanodevelopments nor visions for the future currently exist. 

sory board discussions, showed that the innovations that are frequently cited in 
popular science publications, such as interactive food (e.g. shaken drinks) and 
‘nutraceuticals’ with their individual nutrient supply for the consumer, must really 
be classified as myth rather than as a vision for future products due to their lack of 
technical feasibility. 

On the other hand, the fortification of staple foods such as rice with nanoscale 
supplements (e.g. iron and zinc) in regions with corresponding dietary deficiencies 
can generate health benefits for numerous people in developing and newly industri-
alising countries. However, the advantage of improved bioavailability of micronutri-
ents that is attainable by the use of nanomaterials can contribute to long-term 
nutrition only if the nanomaterials used are guaranteed beyond doubt not to harm 
humans or the environment and if the food is affordable for the correspon

tainability – that no dependencies are created that would disrupt e.g. self supplying 
structures, as can definitely be the case with genetically modified seeds.  

For such an application, correspondingly large economic potentials are expected 
for the future due to the size of the proposed target markets (e.g. India) that can 
be served from Switzerland. In Switzerland itself, however, in spite of the strong 
growth of the international market potentials, food supplements and functional food 
are of comparatively little importance and presumably also have less development 
potential. At present, the com
food sector is hence also limited to some food additives (e.g. silicon dioxide, caro-
tenoids and micelles). For food packaging, however, nanotechnology improve-
ments, particularly in the area of ‘active packaging’ already have a relatively high 
commercial relevance and continue to offer high economic potentials for the future 
as well. The food packaging market boasts ove
dollars worldwide and the demands on food packaging are rising. Estimates of the 
current percentage of nanoproducts in this segment run up to several hundred 
million dollars, and a potential in the double-digit billions range is expected by the 
end of the next decade. However, it is not possible to differentiate between the 
Swiss market and the global market.  

From a life cycle perspective, there are also measurable environm
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p-

bstances listed in the approved applications may also be 

 of nano-

or the food control authorities can unequivo-

Neither the Swiss Chemicals Act nor REACH can be drawn on for approval and 
marketing of nanotechnology products, since they do not cover the use of sub-
stances in food and food packaging. Rather, the Swiss regulations for the food 
sector must be observed. The scope of the Swiss legal regulations for the ap-
proval of food, food ingredients, food additives, processing agents and packaging 
materials also includes nanomaterials. With regard to the positive principle for 
approved additives, or approved substances in packaging materials, which is a
plied in market access control, it remains unresolved to date, however, whether the 
substitution of approved food additives, processing agents, or packaging macro-
scale materials by corresponding nanoscale substances should merely be consid-
ered a simple change in the food formulation, or whether another risk assessment 
of these materials must be performed.187 Substances on the positive list are re-
corded by their substance name only, usually without addressing their size. It is 
unclear whether the su
used as nanoscale substances without reapproval. When new substances are re-
corded on the positive list or new substances are approved for new applications, 
this problem will not arise if the authorities are informed about the particle size and 
if the particle size or particle size distribution of the substance is specifically men-
tioned in the positive list. 

The legal regulations, especially the substantive requirements, e.g. threshold limits 
for the approval of food, food additives, processing agents, do not feature any 
nanospecific regulatory elements. Since nanoscale substances generally have 
chemical and physical properties that differ from the corresponding bulk materials, 
and since there are also knowledge gaps regarding the toxicological effects
materials for the food sector and in packaging, there is no human toxicology knowl-
edge base for risk assessment and legal control of numerous engineered nanomate-
rials. This is true particularly for insoluble nanomaterials where toxicokinetics is 
relevant for an assessment of their toxicological risk. 

Against this backdrop, the regulatory approach, with its rather weak pre-market 
control in monitoring the food regulatory provisions for the monitoring of nanoma-
terials in the food and packaging sector, has disadvantages worth considering in 
that the testing and measuring methods for nanoscale substances and threshold 
values to be observed have not yet been developed, or are not adequately devel-
oped, which also impedes post-market control compared to ‘traditional’ food or 
additives. 

The legal regulations do not contain any special reference to the presence of nano-
materials in the labelling regulations for individual foods, e.g. for functional food 
and food packaging. 

Consequently, neither the consumers n
cally identify food or packaging that contains nanoscale substances. The consumers 
can therefore not exercise their freedom of choice. 

                                                 
 
187  cf. the corresponding assessment of the legal situation in the United Kingdom: IFST (2006); Royal 

Society (2004). 
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od and eating cannot be predicted. As things stand at 

and more on emotional and 

ed risk-benefit analysis, the study arrives at the result 

on the common assumption, that the food 

by their low human-toxicology 
hazard potential. In addition, they were examined in their present form with re-
spect to their safety within the scope of their approval.  

A sustainable nutrition for consumers is designed to be ecologically sound and 
health-promoting, ethically responsible, and appropriate for everyday life, and 
allows for sociocultural diversity (Eberle et al. 2006). Nanotechnology in the food 
sector currently makes almost no contribution of any significance and will presuma-
bly also play a rather minor role in future in society’s quest to achieve greater 
sustainability in nutrition. From a current perspective, the contribution can at best 
lie in making certain vitamins, minerals or trace elements more readily available in 
metabolism. A good supply of vitamins, minerals and trace elements, however, can 
also be achieved by a balanced and varied diet so that there clearly are alternatives 
that do not involve nanotechnology. Against the backdrop of a considerable decline 
in nutritional knowledge (Mrowka 1997; Oltersdorf 1995; Pfau and Piekarski 2002) 
and the simultaneous increase in overeating, malnutrition and malnourishment (cf. 
Fifth Swiss Nutrition Report 2005) it should therefore be discussed what target 
group-specific solutions could look like. Perhaps nanotechnology could make a 
contribution here. 

In any case though, nanotechnology in the food sector – such as functional food as 
a whole – contributes to advancing a rather technicist understanding of health. 
Whether and to what extent this trend will have a significant effect on sociological 
and cultural aspects of fo
present, it can be noted that there are both nutrition styles that are rather open-
minded about this trend, as well as those that are more sceptical.  

Unlike the debate on the use of ‘green’/agricultural biotechnology, people 
currently associate nanotechnologies overall with positive expectations. Even so, 
the different areas of application are rated differently. The application of nanotech-
nology in food is considered to be a particularly sensitive area in which, apart from 
actual health risks, other decision criteria at the individual level also play an impor-
tant role. As with the debate on biotechnology, the consumers currently base their 
assessment less on scientific and technical aspects 
ethical aspects, with great importance assigned to trust in the players as well. In 
this context, the poor communication by the manufacturers, in terms of the risks 
but also the potential benefits to consumers, is one of the biggest barriers to the 
acceptance of food with nanocomponents. 

10.5 Future prospects 

In the context of an integrat
that there are rather modest future prospects for the application of engineered 
nanomaterials in food in the short to medium term. 

This assessment is not necessarily based 
with nanocomponents that is currently available on the Swiss market could pose an 
immediate hazard to consumer health. As we were able to show in Chapter 10.2, 
the few nanoscale substances are characterised 
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expected to lead to marketable products within the next five 

A somewhat different picture emerges for food packaging with nanocomponents. 
y applications, lightweight packaging with extended 

 and handling or less spoilage. 

Instead, the underlying cause for the modest future prospects is the fact that the 
functionalities that can be implemented in the short to medium term by the use of 
engineered nanomaterials offer little new or special benefit for most consumers in 
Switzerland. Thus for example food with nanotechnologically improved bioavailabil-
ity of vitamins and micronutrients represents a welcome innovation only for those 
consumers who take no interest in nutrition and health, or who use such products 
deliberately to maintain or increase their own performance and fitness. While these 
consumers must not be neglected, offers for the ‘technical administration’ of essen-
tial nutritional components also involve the risk that the knowledge of natural, 
balanced and healthy nutrition will continue to decrease. Outside Switzerland, the 
prospects for the specific elimination or alleviation of chronic underprovision of 
micronutrients for numerous people by means of engineered nanomaterials are 
significantly more promising. Corresponding concepts and research approaches to 
increase the bioavailability of micronutrients such as iron or zinc are already in 
existence and are 
years which should be in considerable demand especially in developing and newly 
industrialising countries. As mentioned above, this could result in promising com-
mercial potentials not least for Swiss companies as well; but these will only develop 
into sustainable potentials if comprehensive toxicological safeguarding is performed 
on the respective products, if the manufacturers strive for transparent risk commu-
nication and if no economic dependencies are created.  

Food supplements containing nanoscale heavy metals such as silver, gold, plati-
num, palladium or iridium, which are already being distributed via the Internet at 
an international level, do particularly poorly with respect to their risk-benefit ratio. 
For these, the only proven benefit consists in profit maximisation for the manufac-
turer while the toxicological risks must be classified as relatively high or at the very 
least questionable. In any case, from a nutritional point of view, intake of the noble 
metals listed above is not necessary. 

Against this backdrop, the study concludes that the food sector has available to it 
many alternative paths of development to nanotechnology or nanotechnologically 
optimised additives that are more strongly focussed on the guiding principle of 
sustainable nutriation.  

In this field of nanotechnolog
shelf life, for example, offers advantages not only for food manufacturers but 
also for consumers: while food manufacturers can optimise their logistics proc-
esses through optimised packaging properties, consumers will experience palpable 
relief that manifests itself in simplified transportation
Add to this that nanotechnologically optimised packaging (e.g. PET bottles) with a 
beneficial environmental profile (in terms of their respective function) has consider-
able potential to benefit the environment by replacing less environmentally-friendly 
packaging. Depending on the nanomaterial used, however, there is the danger that 
the advantages gained are counteracted by toxicological risks.  
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For example, the non-specific use of nanoscale silver on a massive scale must be 
assessed very critically in this context – not only from a human toxicology perspec-
tive but also from an ecological one. 
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ent, the interdisciplinary project group devel-
oped recommendations for sustainable use of engineered nanomaterials in 
food and food packaging. In the opinion of the project group, the core goal of the 
application of nanotechnology in the food sector should consist of meeting human 
nutritional requirements in a sustainable manner. A goal of this type, however, 
requires that potential problems that could arise along the way are identified in 
advance and avoided. For the further development and marketing of food and food 
packaging with nanocomponents, the idea of precaution should therefore be the 
guiding principle for further action. The precaution encompasses much more than 
providing people with sufficient amounts of nutrients and vitamins, or protecting 
them from health risks such as symptoms of deficiency, obesity, or diet-related 
infections. Especially for a dynamically developing new technology such as 
nanotechnology, precaution must also take into account ecological and cultural 
aspects in addition to human health. It is not only a matter of minimising risks for 
people and the environment but also a matter of promoting the quality of life and of 
the environment, as well as allowing cultural diversity (cf. also Eberle and Hayn 
2007). The idea of precaution involves advantages not only for consumers: devel-
opers and manufacturers who make precaution their guiding principle and who 
manufacture products of high social benefit thereby create the premises for long-
term economic success. 

The recommendations acquired thus take their bearing from the central question as 
to how the social benefit potentials of nanotechnology can be advanced for the food 
sector while simultaneously minimising the risks in order to achieve more sustain-
ability in the area of need related to nutrition. Politics and administration play a 
central role, as they create the appropriate framework conditions. Therefore, those 
recommendations will first be outlined below that refer to aspects of governance188 
and the need for regulation (cf. Chapter 11.1). Subsequently, we will expand on 
risk management measures that come under the area of responsibility of the indus-
trial players, because that is where they originate (cf. Chapter 11.2). The recom-
mendations are supplemented by aspects that should be discussed in the context of 
a social communication process (cf. Chapter 11.3). 

                                                

11. Overall conclusion and recommendations 
On the basis of the overall assessm

 
 
188  Here, governance means general control instruments, starting from the classical regulatory law, 

through economic instruments and voluntary agreements to corporate social responsibility (CSR) or 
participative processes. 
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facturers and processing firms – regardless of whether a 

s will be able to take risk man-
agement measures like those suggested below in Chapter 11.1.2 for the application 
of nanomaterials in the food sector. 

                                                

11.1 Governance and need for regulation 

A central task of politics consists in preventing hazards to consumers by nanomate-
rials in food and food packaging by creating suitable framework conditions. This is 
all the more true in a health-sensitive sector such as food. Furthermore, the regula-
tion framework should create legal security in order to facilitate the further devel-
opment of nanotechnology innovations in terms of the goals and principles listed 
above. In addition, politics is required to initiate and to organise the necessary 
social communication process (cf. Chapter 11.3). 

11.1.1 The precautionary principle 

The need outlined below for regulation of the placing on the market of nanomateri-
als in food and food packaging in Switzerland (Chapter 11.1.2) incorporates the 
precautionary principle. The precautionary principle is internationally recognised 
and is expressly listed in particular, but not only, in EU food legislation in Article 7 
of the Regulation (EU) No 178/2002189 as a policy. Pursuant to Article 7(1) of the 
Regulation, in ‘specific circumstances where, following an assessment of available 
information, the possibility of harmful effects on health is identified but scientific 
uncertainty persists, provisional risk management measures necessary to ensure 
the high level of health protection chosen in the Community may be adopted, pend-
ing further scientific information for a more comprehensive risk assessment.’ 

In Swiss food law, manu
nanoscale or a macroscale substance is concerned – are obliged in principle to 
manufacture food and place it on the market in a manner that does not adversely 
affect human health (cf. Article 49 Food and Articles of Daily Use Regulation). Com-
pliance with the precautionary principle is, however, not expressly required in Swiss 
food regulations. Although the precautionary principle has been incorporated in 
Article 1(2) of the Swiss Environmental Protection Act (USG), whereby ‘effects on 
persons, animals and plants that could become harmful or undesirable, must be 
limited at an early stage for the purpose of precaution’, this does not imply applica-
tion or transfer of the precautionary principle to food legislation. It is therefore 
recommended that the precautionary principle be incorporated into the Swiss food 
law. On this legal foundation, Swiss food authoritie

 
 
189  Regulation of the (EU) No 178/2002 of the European Parliament and the Council of 28.1.2002 

laying down the general principles and requirements of food law, establishing the European Food 
Safety Authority and laying down procedures in matters of food safety, OJ of the EU No L 31 of 
1.2.2002, p. 31. 
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The Court of Justice of the European Communities has constructed a legal frame-

 the EU in numerous 
190

d severe damage to the health of 
people, animals or plants and the environment, and if the relationship between 

f a product or a process is not yet proven, 

itzer-

work for the implementation of the precautionary principle in
verdicts.  This could also be taken into account for the regulation of nanomateri-
als in food and food packaging according to Swiss law. 

Accordingly, the precautionary principle must be applied in practice particularly in 
cases where, based on impartial scientific evaluation, there is cause for concern 
that the potential hazards for the environment and for the health of people, animals 
or plants are not acceptable or could be irreconcilable with a high level of protec-
tion.191 Thus, if there is a danger of irreversible an

cause and effect or the extent of risk o
this cannot be cited as the reason for the delay in taking measures. At the same 
time, precautionary measures cannot be issued without any reason but, at the very 
least, initial scientific indications of severe or irreversible potential damage must 
exist, or there must be a scientifically plausible risk hypothesis, before the precau-
tionary principle is applied.192 

Normative framework for the application of the precautionary principle 

The jurisdiction of the Court of Justice of the European Communities and the Com-
munication from the Commission have led to a normative framework (principles) 
for risk management in general and for the application of the precautionary princi-
ple in particular that could also be taken as an example for regulation in Sw
land. When decisions are made regarding precautionary measures in the EU, the 
following principles must therefore be observed: 

 proportionality, 

 ban on arbitrary discrimination, 

 coherence precept, 

 weighing up the advantages and disadvantages associated with taking ac-
tion/not taking action, and 

 monitoring scientific developments. 

The following principles will be discussed in more detail in Chapter 11.1.2 with 
respect to the recommendations for regulatory measures. 193 

                                                 
 
190  cf. e.g. Court of Justice of the European Communities, Rs. T-13/99 (Pfizer Animal Health ./. Rat), 

Slg. 2002, II-3305, marginal no 143. 
191  Communication from the Commission on the precautionary principle COM(2000)0001 final of 

2.2.2000, hereinafter: Commission Communication. 
192  Court of Justice of the European Communities, Rs. T-13/99 (Pfizer Animal Health ./. Rat), Slg. 

2002, II-3305, marginal no 143. According to the Commission Communication, loc. cit., p. 3, the 
precautionary principle must be applied ‘in particular in cases where, based on impartial scientific 

e 

193  remarks on the principles in the Commission Communication, loc. cit. 

evaluation, there is cause for concern that the potential hazards for the environment and for th
health of people, animals or plants is not acceptable or could be irreconcilable with a high level of 
protection.’ 

cf. the extensive 
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risk.194 All possible alterna-

ed this is appropriate and practi-

 degree of scientific uncertainty regarding the existence 

ciple,196 it is very important to request further 
lyse new scientific data. The measures 

Proportionality 

Measures based on the precautionary principle must allow an adequate level of 
protection for health and the environment but must not be disproportionate to the 
desired level of protection and should not aim at zero 
tives should be evaluated to this end when choosing risk management measures. In 
doing so, measures should be preferred that safeguard the level of protection 
sought and that at the same time restrict the affected parties to a lesser degree 
than other measures. The option of replacing products or processes with other, less 
risky products and processes should also be examined as an alternative in the 
context of proportionality.195  

The ban on manufacturing or applying a nanomaterial as the most far-reaching 
measure is not disproportionate per se due to the precautionary principle. Rather, a 
ban can be a disproportionate measure in one case with respect to the potential 
risk, but in another case it can be the only measure possible. Long-term risks must 
be considered when evaluating the proportionality of measures. 

Weighing up the advantages/disadvantages associated with taking action/not taking 
action 

Precautionary measures are aimed at reducing the risk to a reasonable level. The 
European Commission declares to this end ‘that requirements linked to the protec-
tion of public health should undoubtedly be given greater weight than economic 
considerations‘. Before measures are taken, the advantages and disadvantages 
associated with taking action/not taking action must be examined. An economic 
cost-benefit analysis should be performed, provid
cable. 

Monitoring the scientific development 

As there is always a certain
or the extent of risk for the environment and for health involved in decisions in the 
context of the precautionary prin
scientific research and to generate and ana
must then be re-evaluated under changed scientific framework conditions within 
certain deadlines and, if necessary, modified or even suspended.  

                                                 

Court of Justice of the European Communities, Rs. T-13/99 (Pfizer Animal Health ./. Rat), Slg. 
2002, II-3305, marginal no 145 and 152. 

Commission Communication, loc. cit., p. 21. 

Court of Just

 
194  

195  
196  ice of the European Communities, Rs. T-13/99 (Pfizer Animal Health ./. Rat), Slg. 

2002, II-3305, marginal no 146. 
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tor for the modification or recall of the measures should not be the 

indications of toxi-

different for substances used outside Switzerland in food additives, such as 

omaterials or for specific fields of application (e.g. nanosilver) might, how-
s. 

le food law. The 
need for a special role based on their chemical/physical behaviour via adaptation of 
existing regulations appears questionable. Each manufacturer or importer of a food 
or a food additive will find the rights and obligations that apply to it within the 
applicable Swiss regulatory framework and has also been subject to them until 
now. If a ‘Nanofood Act’ is created, avoidable duplicate regulations and cross-
references could arise that could have a negative impact on the transparency of the 
current regulatory framework for nanomaterials.  

    

The decisive fac
time factor, but instead the development of scientific insights. Since the purpose of 
the research work is to allow improved and more complete scientific evaluation of 
the risk, it is also crucial to subject these measures to regular scientific monitor-
ing.197 

11.1.2 Recommendations for regulatory measures 

The following recommendations are made in due consideration of the maxims of the 
precautionary principle listed above when bringing nanomaterials in food and food 
packaging into the market: 

No general moratorium for engineered nanomaterials in food and food packaging 

A general moratorium in Switzerland for any application of engineered nanoparticu-
lar substances in food and food packaging is currently not recommended. According 
to the study results on market availability of nanomaterials in Chapter 5 and their 
toxicological assessment in Chapter 10.2, there are not yet any 
cologically questionable nanomaterials on the Swiss market. 

This is 
e.g. nanoscale silver and gold, which may have an increased human-toxicological 
hazard potential (cf. Chapter 10.2). These agents cannot be distributed on the 
Swiss market as yet but are available to end customers e.g. via the Internet. In this 
case, only an EU or global moratorium would constitute an effective instrument. 
Another fact that speaks against a general moratorium is that this would prevent 
the realisation of potential opportunities across the board, particularly for nanoma-
terials, in the packaging sector. A specific moratorium on the application of individ-
ual nan
ever, be the result of a dialogue proces

No enaction of a ‘Nanofood Act’ 

The enaction of a new ‘Nanofood Act’ is currently not recommended. Instead, the 
existing Swiss regulations for food and food packaging should be adapted to nano-
specific requirements (incremental approach). Nanomaterials, like other additives 
or packaging materials, are compounds constructed from chemical elements that 
can be used in food and should therefore be subject to applicab

                                             
 
197  Commission Communication, loc. cit., p. 24. The Commission refers here to special regulations in 

-Article 5(7) of the SPS convention which it also considers applicable in the context of the precau
tionary principle. 

IP/A/STOA/2009-09 144 PE 424.755



Nanotechnology in the Food Sector 
___________________________________________________________________________________ 

 

r a separate nanolaw. This includes the definition of nanomaterials, the 
ion methods and the speci-

 funda-

ly 
d 

r corresponding nano-

ansparency regarding the application of 
packaging on the part of the food authorities, the 

r food and food packaging, regu-
lation of compulsory notification at the European or global level is preferable to a 
national solution, in order to facilitate practical implementation. 

In addition, there is the danger that the manufacturers and importers would ques-
tion the applicability of established law for nanomaterials and act in a more re-
served manner regarding their own voluntary measures (see Chapter 11.2) if a 
separate nanopolicy were created. Lastly, a number of open issues must be clarified 
even fo
standardisation of the measurement, testing and evaluat
fication of threshold values. However, these either do not exist yet or the
mentals are still being developed by the international standardisation committees. 

Adaptation of existing food regulations 

Even so, the incremental approach should certainly not be used as a pretext simp
to continue as before. Instead, the existing provisions in laws and regulations an
the secondary legislation regarding these regulations should be adapted as quickly 
as possible to the requirements of nanomaterials in food and food packaging in due 
consideration of the precautionary principle.  

It should be clarified whether, and to what extent, the applicable food law regula-
tions for permissible foods and additives also apply to thei
scale forms. This clarification can occur either in the legal provisions themselves or 
by administrative regulations. To do so, it is necessary to standardise the nomen-
clature for labelling nanomaterials as well as to advance the development and trial 
of suitable testing procedures and monitoring methods. 

Compulsory notification  
While for special foods, the food itself must be approved, for all other food and 
packaging only the respective food additive or the respective packaging material is 
regulated, due to the positive principle. Furthermore, it is legally unresolved 
whether in the case of already approved macroscale additives the nanoscale form 
requires its own approval. To achieve tr
nanomaterials in food and food 
authorities should therefore be informed on certain nanomaterials. To this end, we 
recommend the introduction of compulsory notification in the following cases:  

Manufacturers and importers who put on the market food or packaging that con-
tains nanomaterials that have the potential to cause concern should report them to 
the competent food authorities. The potential to cause concern must be anticipated 
if scientific indications of serious or irreversible damage or a scientifically plausible 
risk hypothesis for a nanomaterial exist. 

Manufacturers and importers who put already approved macroscale additives on the 
market in nanoscale form should – regardless of the potential to cause concern – 
report these to the competent food authorities as well. 

Owing to the international nature of the market fo
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n, traceability aims at allowing food and all 

essed in a food, to be traced through all 

e safe after all – based on new scien-

nano’ – even if they are no 
shed product – is not going to do justice to the actual 

ular 

). 

Traceability  
Pursuant to Article 49(3)(c) Food and Articles of Daily Use Regulation, traceability 
of food and substances in food is an essential element of voluntary regulation for 
food manufacturers in Switzerland. Through this instrument, among others, the 
manufacturers are supposed to attend to their duty according to Article 49(1) Food 
and Articles of Daily Use Regulation to ensure at all stages of manufacture, process-
ing and distribution that the legal stipulations regarding food and articles of daily 
use are observed in particular regarding health protection.198 Pursuant to Article 50
Food and Articles of Daily Use Regulatio
substances that can be expected to be proc
stags of manufacture, processing and distribution. Traceability is an axiom in the 
international framework (FAO/WHO Codex Alimentarius) and in the EU199 in food 
law and has applied to certain products for many years already. Traceability puts all 
players in a position to remove products with nanomaterials from the market, 
should they, after approval, turn out not to b
tific findings. Swiss legislators should therefore examine whether and to what ex-
tent the regulations on traceability need to be adapted for engineered nanomateri-
als and how the regulations are applied in practice by the manufacturers. 

Nonspecific labelling  
Nonspecific labelling of any application of nanoscale additives in the manufacturing 
chain, e.g. with the addendum on the package ‘contains 
longer contained in the fini
risks determined thus far (see Chapter 10.2). In addition, this labelling does not yet 
include important principles such as the definition of nanomaterials that should be 
labelled in food. Add to this that it encroaches much further into the manufacturers' 
rights than specific labelling that is aimed at the actual presence of nanomaterials 
in food and that would therefore be rather questionable regarding its proportional-
ity. 

Specific labelling  
Labelling of nanomaterials in the manufacturing chain is recommended in partic
for the purpose of traceability of food (see above on traceability), improved food 
monitoring for these ingredients and freedom of choice for the consumers.  

Labelling should link to existing food and food ingredient labelling systems but 
should also stipulate the complete declaration of contents, regardless of their per-
centage in the food. 

It is also recommended that the nanoscale nature of additives be made clearly 
visible by labelling the relevant ingredient, e.g. by supplementing the ‘E’ numbers 
with the size identifier of the ingredient (e.g. E551-N 50

                                                 
 
198  Pursuant to Article 3 in association with Article 49 Food and Articles of Daily Use Regulation, com-

pany management bears the supreme responsibility for product safety in the factory. It can name a 
person responsible for this who will also bear the supreme responsibility for product safety along 
with them. 

199  Regulation (EU) No 178/2002. 
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ate responsibility 

described 
sured beyond doubt that the nanomaterials used do not 

 c nsistently exercising product responsibility means that devel-

dy has 
shown, there frequently are a variety of different nanotechnology material options 

oxicological aspects, this selection process should also be 
guided by ecotoxicological effect potentials, which have so far often been neglected. 

 contact on the inside of 
the container, or alternatively it can purposely be applied on its outside. Another 
decisive factor for a precaution-oriented development process as outlined above is 

11.2 Corpor

For manufacturers, processors and retailers of food and food packaging with nano-
components it is by far not sufficient to develop and market products that merely 
meet legal standards. This has become clearly apparent in other sectors, such as 
pesticides, or with regard to social standards. There needs to be a particularly high 
level of corporate responsibility in the application of nanotechnology because, al-
though current laws in principle also include nanotechnology products but details 
regarding the new nanospecific properties and risks still need to be expressed in 
concrete terms. It is especially during this transition period where the developers 
have the ‘innovative head start’ before the legal framework conditions that are 
‘catching up’ that the players from industry and trade bear a particularly high de-
gree of responsibility. They are therefore obliged, while applying the precautionary 
principle, to scrutinise the health, ecological and social effects of the production and 
consumption of nanotechnology products. The key task is therefore to exercise 
product responsibility consistently, starting with development, via marketing and 
informing consumers, all the way to disposal of the products. 

For food and food additives, corporate responsibility can therefore be 
such that it must be en
have harmful toxicological effects. In view of the existing knowledge gaps, this 
means that the necessary intensification of human- and ecotoxicology risk 
research is first and foremost a task for manufacturers, and importers. In addition, 
these should meet the highest possible environmental and social standards; 
this can only be evaluated in terms of the product. Furthermore, the industrial 
players should specifically favour products during the development process that 
actually provide relief in consumers' everyday life. To this end, the wishes for 
stress relief in the various nutritional styles must be factored in (cf. Chapter 
4). 

For food packaging, o
opers working in companies will first have to identify the nanomaterial with the 
lowest toxicological hazard potential by means of a screening and selection 
process. As the analysis of the packaging material in the scope of this stu

(cf. Table 7) for the same functionality. 

Aside from human-t

In the next step, a manner of application of the nanomaterial that contributes to 
minimising the probability of exposure should be favoured. Thus, a nanoscale 
barrier layer in PET bottles can be applied with direct food

that the considerations do not end at the developer's own ‘factory gate’.  
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r nanotechnology products will become a 

‘design for safety and sustainability’ only if, in the case of food packaging, potential 

G DHS) pledged in a 
201

tify potential hazards to people and the environment from new developments at 

ework conditions, another important task 

A responsible development process fo

effects at the end of its life are also taken into account. This means that, apart 
from compatibility with existing recycling and disposal structures (keyword plastic 
recycling, cf. Chapter 5) the potential negative effects of the nanomaterials used on 
bioprocessing technology systems such as purification plants should be studied as 
well. Nanomaterials that behave like biocides, e.g. nanosilver, must be evaluated 
extremely critically against this background. 

Corporate responsibility approaches become particularly effective if they are docu-
mented in the form of specific voluntary obligations which are verifiable and sub-
jected to regular monitoring. That way, responsible measures taken by proactive 
companies could develop a virtually normative effect and could be developed fur-
ther to a sector-specific code of conduct200 as has also been suggested in the 
‘Engineered Nanomaterials’ action plan by the Swiss Federal Council (Federal De-
partment of Home Affairs [FDHA] 2008). We would like to point out in this context 
that in February 2008, the Swiss food retailers association (I
‘Nanotechnology Code of Conduct’ to handle engineered nanomaterials with care.  

Widespread acceptance for such a code of conduct, however, can only be expected 
if widespread participation of all essential industrial players in such voluntary 
agreements is guaranteed. Furthermore, quality requirements and sanctions in 
the event of non-compliance with the voluntary-commitment must also be specified 
on the part of the state. 

As an accompanying measure for a successful corporate responsibility process, it is 
also recommended that a committee be established to monitor the future develop-
ment steps of nanotechnology products in the food and food packaging sector. This 
committee should have at its disposal suitable monitoring instruments to allow it to 
iden
an early stage. In addition to players from the industry, this monitoring commit-
tee should include other important stakeholders (trade, banks/insurance, public 
authorities and NGOs). 

11.3 Social communication process 

Apart from the creation of regulatory fram
for politics and administration consists in initiating a social communication process 
regarding the common goals of sustainable application of nanotechnologies in the 
food sector (Eberle and Hayn 2007). The following recommendations are therefore 
directed primarily at state players but also affect other stakeholder groups. The 
crucial point of a social communication process is dialogue with all relevant play-
ers. These include: 

                                                 
 
200  Four of the most prominent examples for general voluntary codes of conduct are discussed by 

Grobe et al. (2008). 
201  cf. http://www.igdhs.ch/m/mandanten/190/topic6220/story14345.html. 
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policy by manufacturers, the primary task of a dialogue consists in creating trust. 

 risks should be taken seriously. Doing so also contributes 

vironmental protection (FDHA 2008). The corresponding 
summaries from this report can also serve as a starting point for such a safety 

t should be discussed and substantiated in the context 
of a social communication process is the issue of labelling engineered nanoma-
terials in the food sector (see the regulatory recommendations in Chapter 11.1.2). 

and 
NGO d specify their need for information regarding labelling. 

 research, 

 manufacturers and processors, 

 the trade, 

 banks and insurance companies (in particular reinsurance companies), 

 NGOs, and 

 consumers. 

Dialogue platforms regarding the opportunities and risks of nanotechnology have 
also been mentioned in the context of the Swiss Federal Council’s ‘Engineered 
Nanomaterials’ action plan as a definite component of the future development 
process. For this, in addition to the existing platforms (e.g. the NanoConvention of 
the Swiss Federal Laboratories for Materials Testing and Research [EMPA]; the 
University of Lausanne’s Nanopublic dialogue platform) new ones should also be set 
up if required (FDHA 2008). 

Against the background of the currently observed rather restrictive information 

First and foremost, the manufacturers are obliged to do so, but science and trade 
experts can also make valuable contributions. Transparent, credible information 
on nanotechnology products and production processes will contribute to consumers' 
trust and freedom of choice. Their need for information with respect to both actual 
and individually perceived
to dismantling consumers' fear of contact with the newly developed products and 
facilitating orientation in the market. 

Neutral, differentiated and proper characterisation of the different nanomaterials 
relevant in the food sector would be helpful in this context. An important prerequi-
site for this is the duty of disclosure for manufacturers and entities who put these 
engineered nanomaterials on the market, as well as a safety roster that contains 
information on market volume, exposure and toxicological properties, aspects of 
industrial safety and en

roster (cf. Table 5 and Table 7). 

The central point of the public dialogue is agreement on which nanomaterials are 
desired by society for application in the food sector and which ones could be 
dispensed with until further notice, due to knowledge gaps or an unacceptable 
risk-benefit ratio. 

To this end, experiences and results from risk dialogues in other sectors can be 
drawn on if necessary (CONANO 2007). 

Another important aspect tha

A public dialogue is considered to be a suitable forum in which consumers 
s can express an
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g, the combination of the above recommendations on the part of 

edded in a social communication process and 
ate of knowledge about nanomaterials in 

kaging – appears to be achieving the goal of dealing with poten-

 of recommendations 

endations from the previous chapter are summarised below, 

t for the application of engineered nanomaterials is 
that the materials used not be harmful to people or the environment. For this rea-

 the requirements of engineered nanomateri-
als, taking the precautionary principle into account. This involves the following 

gislation whether and to what extent the approv-

e the information status of public authorities with respect to the 

 introduced for the following cases: 

For the time bein
companies and Swiss legislators – emb
against the background of the current st
food and food pac
tial health hazards without blocking their opportunities. 

11.4 Summary

The specific recomm
with general recommendations that refer in equal measure to food and food pack-
aging listed first. This is followed by further recommendations that specifically refer 
to engineered nanomaterials in food and food additives as well as food packaging. 

11.4.1 General recommendations for nanomaterials in food and food pack-
aging 

An indispensable requiremen

son, knowledge gaps and uncertainties regarding the toxicological hazard potential 
must be closed without delay as far as possible. This requires an intensification of 
safety research, for which manufacturers should take most of the initiative. In this 
context, the priority is the development and testing of suitable testing and monitor-
ing methods for the application of engineered nanomaterials in food and food pack-
aging. 

Furthermore, Swiss laws and regulations and the secondary export regulations in 
the food sector should be adapted to

specific measures: 

Establishing the precautionary principle in Swiss food legislation  
Explicitly incorporating the precautionary principle into Swiss food legislation will 
allow the Swiss food authorities the option of taking risk management measures for 
the application of nanomaterials in the food sector. 

Clarification regarding the ‘applicability’ of approved additives  
It should be clarified in the food le
als already issued for additives according to applicable food law regulations also 
apply to their corresponding nanoscale forms. 

Duty to notify  
In order to improv
engineered nanomaterials used in food and food packaging, compulsory notification 
(preferably European or global) should be

manufacturers and importers who put on the market food or packaging that con-
tains nanomaterials with the potential to cause concern, and 

manufacturers and importers who put additives that are already approved in macro 
scale form on the market in nano scale form, regardless of the potential to cause 
concern. 
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rove to be unsafe after all 
based on the latest scientific findings. 

, 

 
). 

corporate product responsibility. Furthermore, due to the consumers' par-

ology will be repeated for food. As recommended in the Swiss 
tform n 

eans of appro-
sign hat the probability of consumer exposure is minimised. 

Traceability  
Swiss legislators should examine the extent to which regulations on the traceability 
of engineered nanomaterials are implemented by the manufacturers in practice and 
whether they need to be adjusted. That way, all players are enabled to remove 
products with nanomaterials from the market if they p

Specific labelling  
Also recommended is the labelling of nanomaterials in food, or as ingredients, 
and/or in packaging materials, to facilitate traceability of corresponding foods and 
state food monitoring in the manufacturing chain and also to allow consumers the 
freedom of choice. Labelling should link to existing systems for the labelling of food 
and food additives, but should also stipulate the complete declaration of contents
regardless of their percentage in the food. Furthermore, the nanoscale nature of 
additives should be made evident by appropriately labelling of the ingredient (e.g.
E551-N 50

11.4.2 Specific recommendations for food/food additives 

When developing food or food additives with engineered nanocomponents, the 
manufacturers or importers should very conscientiously scrutinise the health, eco-
logical and social effects of their products, also applying the precautionary principle. 
In order to contribute to sustainable consumer nutrition, the desire for stress 
relief of the various nutritional styles should be taken into account in the con-
text of 
ticularly sceptical attitude towards the application of engineered nanomaterials in 
food, increased willingness to provide information and transparency, and to 
participate in dialogues, is required on the part of the manufacturers and the 
importers towards stakeholders and the public. Failing that, there is a risk that the 
debate on biotechn
Federal Council’s ‘Engineered Nanomaterials’ action plan, dialogue pla s o
benefits and risks as well as a social communication process on the handling of 
nanomaterials in the food sector should therefore form an integral component of 
the future development process. 

11.4.3 Specific recommendations for food packaging 

The consistent exercise of product responsibility for food packaging consists in 
using the nanomaterial that has the lowest toxicological hazard potential for 
the respective functionality. Furthermore, it should be ensured by m
priate product de  t
When the precautionary principle is applied, this means specifically that food con-
tact and uncontrolled migration into the food is prevented by the appropriate appli-
cation of the engineered nanomaterials.  
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st-use phase at an early stage. This includes e.g. compatibility with 
g and disposal structures and potential negative effects on bioproc-

Moreover, the responsible development of food packaging with nanocomponents 
should also take into account potential effects of the engineered nanomaterials 
in the po
existing recyclin
essing technology systems such as purification plants. 
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isting attempts at a definition 

red to be of particular im-

ral definitions of nanotechnology and nanomaterials 

Annex 2. Ex

Definitions and attempts at a definition that are conside
portance for the present study are presented below. 

1. Gene

1.1. Definition by the NNI (National Nanotechnology Initiative) / FDA 
(Federal D 202rug Administration)  / EPA (Environmental Protec-
tion Agency)203 

The definition by the NNI is a formulation that was adopted in the United States by 
the FDA and by the EPA. It defines nanotechnology as follows: 

‘The National Nanotechnology Initiative (NNI) … calls it ‘nano-
technology’ only if it involves all of the following: 

1. Research and technology development at the atomic, molecular or 
macromolecular levels, in the length scale of approximately 1-100 
nanometre range. 

2. Creating and using structures, devices and systems that have 
novel properties and functions because of their small and/or inter-
mediate size. 

3. Ability to control or manipulate on the atomic scale.’ 

1.2. Definition by the ‘Nanotechnology Legal Opinion’ study (Rechts-
gutachten Nanotech 204nologie [ReNaTe])  

he German Federal Environment Agency. 

eered nanomaterials. The following definition of 

In 2006, the Öko-Institute, together with Sofia e.V./Technical University of Darm-
stadt, issued an expert legal opinion for t
In it, it was examined whether there were any existing regulatory gaps in the exist-
ing legal framework for engin
nanomaterials is used in this study: 

‘The object of the investigation of the expert opinion are ‘nanomaterials’ 
(NM). This – in 205accordance with other definitions  – applies to the fol-
lowing: 

                                                 
 
202

gsergebnisse/dok/228.php. 

 in this context is the composition, the analysis and the application of functional 
structures, molecules or also internal and external interfaces that have at least one dimension of 
less than 100 nm in size. At the same time, these structures must have new functions or properties 
that are directly correlated to their size scale and that would therefore not be realisable in the 
macroworld.’  
 

  cf. http://www.fda.gov/nanotechnology/faqs.html. 
203  cf. http://es.epa.gov/ncer/nano/publications/whitepaper12022005.pdf. 
204  cf. http://www.oeko.de/forschun
205  The definition by the BMBF (German Federal Ministry for Education and Research) is (cf. 

http://www.bmbf.de/de/677_7097.php):  
‘Nanotechnology
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Structures that are anthropogenic in origin (e.g. particles, layers,206 

an 100 nm. 

plications.’ 

tubes) where at least one dimension is less th
These structures must have new functionalities or properties that could 

not be realised in this way in the macroworld and that are specifi-
cally used to develop new products and ap

1.3 Definition of the research strategy of the Federal Institute for 
Occupational Safety and Health (BAuA), the Federal Institute for 
Risk Assessment (BfR) and the Federal Environment Agency 
(UBA)207 

06, a strategy for Also in 20 researching the health and environmental risks associ-
ated with nanotechnology was presented by the German federal agencies BauA, BfR 
and UBA. This also defined the terms ‘nanotechnology’ and ‘nanoparticles’: 

‘Nanotechnology describes the manufacture, study and application of 
structures, molecular materials and internal interfaces with at least one 
critical dimension below 100 nm. Usually, the focus of the inspection is 
on the range from about 1 nm to 100 nm, however, the boundaries are 
flexible because near the lower threshold, complex molecules are prob-
lematised as well and along the upper threshold the boundary was 
moved upwards in certain areas of application of nanotechnology prod-
ucts (e.g. textile production). The agglomerates and aggregates of 
nanoparticles, nanotubes, nanofibres etc., some of which are larger than 
100 nm should also be included in the study provided their nanostruc-
ture shape or the functionality caused by their nanoscale nature remain 
unaffected.’ 

1.4 merging and Newly Definition by the Scientific Committee on E
Identified Health Risks (SCENIHR)  208

The ‘Emerging and Newly Identified Health Risks’ scientific committee, in its 2007 
definition, also picks up on the aspect that engineered nanomaterials frequently do 
not exist in a homogenous particle size distribution. 

                                                                                                                                               
 

 
 The German Federal Environment Agency assumes the following definition (cf. UBA background 

paper: ‘Opportunities and risks of nanotechnology for mankind and the environment’): ‘Nanotech-
provided by the Office for Technology Assess-

lication of structures (e.g. 
 Artificially produced 

nctionalities and properties that are 

206  

207  
208  

nology is considered to be – following the definition 
ment of the German Bundestag (TAB) – the manufacture, study and app

etres (nm).particles, layers, tubes) in dimensions of less than 100 nanom
nanoparticles and nanoscale system components have new fu
specifically used to develop new products and applications.’  

According to present knowledge, there is no potential for alarm regarding layers that would give 
rise to regulatory activities. 

cf. http://www.bmu.de/files/pdfs/allgemein/application/pdf/nano_forschungsstrategie.pdf. 

cf. http://ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_o_010.pdf. 
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‘The nanomaterial status is characterised by at least one dimension be-
low 1 ical prop-00 nm, which may be accompanied by new physico-chem
erties. However, it is recognised that at this stage in the rapid evolution 
of na  noscience and nanotechnology it is not possible to be scientifically
preci substance as se over inclusion and exclusion criteria for defining a 
nanomaterial.  

For example, most samples of nanoparticles will be polydisperse and 
may well include a minority of particles greater than 100 nm in diameter 
as w

he food 

institu red 
with t

ell as the majority that are below this limit.’ 

2. Specific nanofood definitions 

For definitions referring specifically to nanotechnology applications in t
sector it is conspicuous that a broad attempt at a definition is used by research 

tes and public authorities that also includes foods that were manufactu
he aid of nanotechnology methods. 

2.1.  Definition by the Institute for Nanotechnology at the University
of Stirling 

06, a report entitled ‘Nanotechnology in Agriculture and Food’ was issued
stitute for Nanotechnology at the University of Stirling (United Kingdom). 
ilable via the Internet portal www.nanoforum.org. In accordance with the t
 study, the term ‘nanofood’ is expressed very broadly here: 

efinition of 

In 20  by 
the In This 
is ava itle 
of the

The d nanofood is that nanotechnology techniques or tools are u
 cultivation, production, processing, or packaging of the food. It does not 

sed 
during
mean atomically modified food or food produced by nanomachines.’ 

ies 
e Foo

sale. 

A similar definition is also used by Cientifica (2006) in its report ‘Nanotechnolog
in th d lndustry’. 

According to this definition, a food can be defined as a nanofood if it has come into 
contact with nanomaterials or nanotechnology methods during the production proc-
ess, even if the finished product does not contain any nanomaterials at the time of 

2.2. German Federation of Food Law and Food Science (BLL)209 

A na by the German Federation of Food Law and Food 
Scie ce. For nanotechnology in the food sector, the BLL differentiates especially 

the d 
a

  

rrower definition was created 
n

between two areas of application. These are: 

direct application of novel nanoscale materials as food ingredients (e.g. foo
dditives or novel functional ingredients), and 

                                               
 
209  Cf. http://www.bll.de/themen/nanotechnologie. 
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the ap  as 

pac nces 
wit . to 
imp

It also

plication of novel nanoscale materials to and/or in food commodities such
kaging materials (e.g. to achieve functional surfaces, packaging substa
h integrated indicators or new barrier properties) or process materials (e.g
rove surface texture and cleanability of facilities). 

 states: 

‘A strict differentiation must be made between new nanomaterials and 
those technologies that are not unusual in food processing and that are 
based on the production of minute particles. There are also food ingredi-
ents that naturally exist in nanoscale form. In such cases, however, it is 
not a matter of the application of novel nanoscale materials but instead 
of known food ingredients and/or substrates that are already well-known 
as foods (e.g. starch and protein polymers) that are, as required by the 
process, used in modified dimensioning. In this respect, established 
technologies, some of which have been applied for decades as safe pro-
cedures in food manufacturing, such as emulsification and homogenisa-
tion, as well as processes that are based on the properties of colloids 
with nanoscale particle sizes, should not be termed “nanotechnology”.’ 
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Th
ma

1. References/monographs 

Annex 3. Sources of information for market research 

e following sources of information were drawn on when examining the product 
rket and the research market. 

The s

2. 

The fo

Produ rs: 
htt od-
row t to 
nan ter-
nat ay, 
pro es are 
recorded in the database; the information is easy to track for the products al-
wa  contain links to the companies' websites.210 However, we must make the 
qualifying statement that classification by the manufacturers is ultimately insuffi-
cient because they frequently do not provide any information on the material 
specification and the size distribution of the nanomaterials. 

Product database of the Aktionslinie Hessen-Nanotech (Hesse Nanotech Action 
Line), a project by the Ministry of Economics in the German state of Hesse to ad-
vance technology and the economy, in collaboration with Hessian companies; 
however, the references are occasionally incomplete because links to the manu-
facturing companies are not always set up (http://www.nanoproducts.de). In 
this database as well, the product information is based on the manufacturers' 
characterisation of the nanomaterials. 

                                                

ources used can be found in the bibliography of the study. 

Databases 

llowing databases were consulted for the search: 

ct database of the Woodrow Wilson International Center for Schola
p://www.nanotechproject.org/index.php?id=44&action=advanced; the Wo
 Wilson database is the most frequently quoted database with respec
otechnology products that are already available. The Woodrow Wilson In
ional Center for Scholars trusts the manufacturers' information, that is to s
ducts that are reported by the manufacturers as containing nanoparticl

ys

 
 
210   The database of the Woodrow Wilson International Centre for Scholars contains entries in the 

category ‘Food & Beverage – Supplements’ that do not belong in the food sector but rather in the 
cosmetics sector. This includes e.g. ‘Q10 Skin Care Nano Lipobelle Coenzyme Q10’ by Tina Concept 
Co. Ltd, ‘Colloidal Silver Cream’ by Skybright Natural Health, ‘Nanoceuticals™ Microbright Tooth 
Powder’ by RBC Life Sciences®, Inc. or the ‘Nanoceuticals™ Hydracel’ by RBC Life Sciences®, Inc. 
that are supposed to reduce the surface tension of drinking water and increase cell hydration. 
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Patent databases: the European Patent Office facilitates access to esp@cenet,211 

ormation on 

 addition, databases were queried that focus on 
United States patents and United States patent applications 

/www.uspto.gov/patft/index.html212). 

that the analysis of 
a technology that is based purely on scientific publications does not allow sufficient 

omic effects of the scientific discoveries. Patents, on the 
ty of describing the research and develop-

nd more easily measurable 

for
po
fro
(En
su
ma
tha
Chapter 5.6.2)

Lit searches were done in 

                                                

the European network of patent databases which also contains inf
global patents; the expanded search template not only allows keyword searches 
in titles and abstracts but also searches by patent applicant, which makes it pos-
sible to search by company; in

(http://www.freepatentsonline.com; http:/

In a report for the OECD, Igami and Okazaki (2007) emphasise 

insight into the socio-econ
other hand, are to provide the opportuni
ment output and of inventive activities in a more direct a
manner. However, even patents must be analysed with a certain degree of caution 
because the object of protection is defined as broadly as possible. Patent texts on 

mulations for example state the droplet size very loosely; the lower limit can 
ssibly not be reached using the technique described. It can also not be learned 
m the patent text whether the technology described is indeed nanotechnology 
d 2007). The technical practicability of patents also has to be questioned in part, 

ch as for the ‘Mars patent’ which describes a nanoscale coating for chocolate bars 
de of Ti02. Manufacturing such a coating would, however, require temperatures 
t are so high that chocolate bars would not withstand them unscathed (see also 

. 

erature database: ISI Web of Science Database; special 
the following journals using the keyword ‘nano’ in combination with ‘food’, ‘edi-
ble’, ‘oral’ and ‘biodegradable’: Journal of Nanoparticle Research, Food Research 
International, Innovative Food Science and Emerging Technologies. However, an 
analysis of the scientific publications did not provide any additional contribution 
to the product market analysis although they were useful for the analysis of re-
search approaches. 

 
 
211  cf. http://ep.espacenet.com. 

a 

, 

212  The database of the Swiss Institute for Intellectual Property was no longer consulted following 
comparison with the information from esp@cenet. The main reason for this is that ‘due to the 
agreement on the issuance of European patents (European Patent Convention) … patent protection 
is (or will be) obtained by means of a single granting procedure in more than 30 European states
including Switzerland and Liechtenstein’ (Swiss Institute for Intellectual Property 
http://www.ige.ch/D/patent/p12.shtm). 
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Th

the

the

the

e League for the Environment and Nature Conservation Germany 

Inf

the

5. e range of products in the Swiss food retail 
sector 

In order to survey the specific range of food products in Switzerland for potential 
nanocomponents, the range of products in several chain stores was screened on 
5 October 2007 in Basel. The stores visited included: 

Migros, Claraplatz 2, 4058 Basel 

Coop, Clarastr. 41, 4058 Basel 

Denner, Clarastr. 2, 4058 Basel 

Manor, Greifengasse 22, 4005 Basel 

 Basel 

Gl b

3. Internet search 

e Internet search included 

 websites of numerous companies, 

 Internet portal www.foodproductiondaily.com, 

 Internet portal www.nanotech-now.com, 

online pharmacies and online wellness shops, and 

a general Google search (‘nano’ and ‘food’ on their own and in combination with 
specific player names, product groups, products, brand names and the like). 

4. Analysis of newsletters 

Also, the following newsletters were drawn on during the source analyses: 

Nanoforum Newsletter (http://www.nanoforum.org): this website is operated by 
the ‘European Economic Interest Grouping’ which heads the Institute of 
Nanotechnology in the United Kingdom, 

Nanocap Newsletter (http://www.nanocap.eu): Nanocap is a project that tracks 
‘capacity building’ in NGOs and that is sponsored by the ‘FP6 Science and Society 
Programme’ of the European Commission; the European Environmental Bureau 
(EEB) and th
(BUND) provide mailouts within this project; 

odienst Wissenschaft e.V. – idw (http://idw-online.de), and 

 ‘foodline’ of the German organisation ‘food-monitor’:   
(http://www.food-monitor.de/index.php). 

 Screening th

Aldi Suisse, Claraplatz, 4058

o us, Marktplatz 1/2, 4001 Basel 
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Based on the selection of companies, it can be assumed that the full extent (from 

of the range of food products available in Switzer-
 were the most important players.213 

ow agents that could be 
ue to their powdery or granular consistency. 

d wellness drinks with respect to 

 with nanocomponents (e.g. PET 
, etc.). Prod-

or  re-
search including a request for information from the respective chain store head 

orded where we were able to identify nano-

discount store to delicatessens) 
land was covered in this study, as

The screening focussed on foods such as anti-caking and fl
assumed to have nanoscale additives d
In addition, special attention was paid to sports an
nanocarrier systems such as micelles.  

Finally, a third study focus was on food packaging
bottles for carbonated drinks, stand-up bags, UV protection packaging
ucts deemed likely to contain nanocomponents based on their declared ingredients 

their appearance were documented or purchased and subjected to further

offices. Furthermore, products were rec
components with absolute certainty. 

                                                 
 
213  Migros, Coop and Denner are the three most important chain stores with a market percentage 

totalling over 75% (cf. http://www.jurablogs.com/de/migros-denner-kollektivemarktbeherrschung-
im-schweizer-detailhandel). 
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