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Word is relatively new but the concept
is not




Creation of the word/field is relatively “new”

Richard Feynman 1959 talk “There’s Plenty of Room at the Bottom” - "nano-scale"
machines

Nori Taniguchi 1974 “Nano-technology' mainly consists of the processing of, separation,
consolidation, and deformation of materials by one atom or by one molecule.” On the Basic
Concept of 'Nano-Technology. Proc. Intl. Conf. Prod. London, Part II British Society of
Precision Engineering

Eric Drexler 1981. Proc. Natl. Acad. Sci. paper "Molecular engineering: An approach to the
development of general capabilities for molecular manipulation“ and “Engines of Creation”
Concept is old

The Lycurgus Cup (Rome) is an example of dichroic glass;
colloidal gold and silver in the glass allow it to look opaque
green when lit from outside but translucent red when light
shines through the inside. http://www.nano.gov/nanotech101/timeline

Richard Smalley discovered the
Buckminsterfullerene (C60), more commonly
known as the buckyball, which is a molecule
resembling a soccerball in shape and
composed entirely of carbon, as are graphite
and diamond. http://www.nano.gov/nanotech101/timeline

Many definitions but changing




Nanotechnology, shortened to "nanotech", is the study of the controlling of matter on an atomic
and molecular scale. Generally nanotechnology deals with structures of the size 100 nanometers
or smaller in at least one dimension, and involves developing materials or devices within that size.
Nanotechnology is very diverse, ranging from extensions of conventional device physics to
completely new approaches based upon molecular self-assembly, from developing new materials
with dimensions on the nanoscale to investigating whether we can directly control matter on the
atomic scale http://en.wikipedia.org/wiki/Nanotechnology date???
Nanotechnology (sometimes shortened to "nanotech") is the study of manipulating matter on an
atomic and molecular scale. Generally, nanotechnology deals with structures sized between 1 to
100 nanometre in at least one dimension, and involves developing materials or devices
possessing at least one dimension within that size. Quantum mechanical effects are very
important at this scale, which is in the quantum realm. Nanotechnology is very diverse, ranging
from extensions of conventional device physics to completely new approaches based upon
molecular self-assembly, from developing new materials with dimensions on the nanoscale to
investigating whether we can directly control matter on the atomic scale. There is much debate on
the future implications of nanotechnology. Nanotechnology may be able to create many new
materials and devices with a vast range of applications, such as in medicine, electronics,
biomaterials and energy production. On the other hand, nanotechnology raises many of the same
issues as any new technology, including concerns about the toxicity and environmental impact of
nanomaterials,[1] and their potential effects on global economics, as well as speculation about
various doomsday scenarios. These concerns have led to a debate among advocacy groups and
governments on whether special regulation of nanotechnology is warranted.
http://en.wikipedia.org/wiki/Nanotechnology April 30 2011

Health Canada’s Working Definition of
Nanomaterials (2010)
Health Canada considers any manufactured product, material,
substance, ingredient, device, system or structure to be
nanomaterial if:
•It is at or within the nanoscale in at least one spatial dimension, or;
•It is smaller or larger than the nanoscale in all spatial dimensions and exhibits
one or more nanoscale phenomena.

For the purposes of this definition:
•The term “nanoscale” means 1 to 100 nanometres, inclusive;
•The term “nanoscale phenomena” means properties of the product, material,
substance, ingredient, device, system or structure which are attributable to its
size and distinguishable from the chemical or physical properties of individual
atoms, individual molecules and bulk material; and,
•The term “manufactured” includes engineering processes and control of matter
and processes at the nanoscale.
Interim Policy Statement on Health Canada's Working Definition for Nanomaterials 2 April 2010
http://nanotech.mediadir.in/interim-policy-statement-on-health-canada%E2%80%99s-working-definition-fornanomaterials/

Helping the public understand
nanotechnology

http://www.understandingnano.com/introduction.html

http://www.umt.edu/ethics/debatingscienceresourcecente
r/nanotechnology/NanoODC/default.aspx

When talking about nanoscience/technology
are all objects/particles synthesized?


NO!!

P. Walstra and R. Jenness In: P. Walstra and R. Jenness,
Editors, Dairy chemistry and physics, Wiley, New York
(1984) pp.
http://www.foodscience.uoguelph.ca/deicon/casein.html
Scientific American Jan. 18 2008

Evolution of Nanoscale Science and Technology


The evolution has largely paralleled development of
instruments and tools

Figure 1: 1986-Invention of AFM, image from Mike Tiner,
<http://www.cnm.utexas.edu/AFM.HTM

Figure 2: 1981-Invention of STM, Image From Steven Sibener,
<http://sibener-group.uchicago.edu/facilities.html>

Economics and Impact of Nanoscale
Science and Technology




The nano market is expected to have a
staggering economic impact but will be
dependent on regulatory approval and consumer
acceptance
Expected to have impacts in agriculture, food
safety, product development and food
processing/packaging

Feb 14 2005

Humanity’s top ten challenges for the next 50
years











Energy
Water
Food
Environment
Poverty
Terrorism & War
Diseases
Education
Democracy
Population

Source: Richard Smalley, 1996 Nobel
Laureate in Chemistry

2003
2050

6.3
9-10

Billion People
Billion People

Credit: R. Stockli, A. Nelson, F. Hasler
2003 April 26.

H. Chen. 2008. IFT International Food Nanoscience Conference

Applications

http://www.nanowerk.com/spotlight/spotid=1360.php

Traver, Food Technology: http://members.ift.org/NR/rdonlyres/E725D811-3620-4CC1-8AAD-40E2BF66CE7E/0/1106Nano.pdf

Fabrication Approaches to Nanoscalar
Objects

Weiss. IFT 2007

Table 1- Nano-products currently identified on the market (adapted from
“The project on emerging nanotechnologies”, 2009)
Company

Product Name

Functionality

Tip Top®

Tip Top UP® Omega-3 DHA

Fortified with nanocapsules containing
Omega-3 DHA rich tuna fish oil

Shemen industries

Canola Activa oil

fortified with nonesterified
phytosterols encapsulated via a new
nanoencapsulation technology (NSSL:
Nano-sized self assembled liquid structures,
developed by Nutralease (Israel) for
optimising the absorption and bioavailability
of target nutrients

RBC Life Sciences®, Inc.

Nanoceuticals™ Slim Shake
Chocolate

nanoscale ingredients that scavenge more free
radicals, increase hydration, balance the
body’s pH, reduce lactic acid during
exercise, reduce the surface tension of
foods and supplements to increase
wetness and absorption of nutrients

Shenzhen Become Industry & Trade Co.,
Ltd.

Nanotea

Nano-fine powder produced using
nanotechnologies.

Aquanova

NovaSOL Sustain

nano-carrier that introduces CoQ1O to
address fat reduction and alpha-lipoic
acid for
satiety

Food packaging


Nanoscale science and technology can be
used to improve:









safety of a product
improve and/or maintain the quality
mechanical strength
conductivity
functionality
thermal stability
gas barrier properties
optical transparency

Examples


Nanocomposites are a relatively new family of
nanostructures which consist of an organic substance
interacting with an inorganic substance
 commercially modified montmorillonite (MMT) clay is
used in nanocomposite production as an additive to
improve gas permeability, and mechanical properties
to produce a plastic product that is lighter than the
traditional counterpart
 Added benefit of being biodegradable

Food Processing/Packaging-The
Future





Nanoscale science and technology has the potential to significantly
alter both the physical and functional properties of the foods we eat.
It is now conceivable that food scientists can develop ‘smart’ foods
that will respond to the body´s nutrient deficiencies and deliver
nutrients more efficiently without altering the taste or texture of the
product.
‘smart’ processing/packaging examples
 Oxygen sensors which are composed of ink that contains nanoparticles of titanium dioxide. The nano-particles become
sensitive to oxygen levels once they are exposed to UV,
changing colour as oxygen levels are altered providing an
indication of the integrity of the product package during storage
 Packages that can be tailored specifically to a person’s tastes,
allergies and nutrient deficiencies

Food Safety



~2 million people die annually from diarrhoeal diseases,
largely attributed to contaminated food and water
nanosensors could detect the presence of microbial
contamination.
 less cumbersome, more portable instrumentation with
increased sensitivity and reduced detection time, and
require less technical training of personnel necessary
to conduct pathogen detection.

Food Safety


The nanocantilever can be coated in antibodies against
the specific pathogen to be detected such that when a
contaminant lands on the device, it can be rapidly
detected and measured

Atomic Force Cantilever
artsci.ucla.edu/BlueMorph/researchAFM.html

E. coli bacteria www.marlerblog.com/E_coli_lge.jpg
An artist’s depiction shows an atomic force microscope
probe (not to scale) ’fishing’ for molecular sites
recognized by an antibody tethered to the probe by a fine
polymer thread. The new technique promises to vastly
improve the capabilities of atomic force microscopy.
www.innovations-report.com/.../report-32458.html

Agriculture




Enhanced ability of plants to absorb nutrients
Generation of nanostructured catalysts to
increase the efficiency of pesticides and
herbicides

Applications in Agriculture


Nanosensors have been linked to Global
Positioning Systems (GPS) for real-time
assessment



monitoring soil conditions and crop growth
to decrease waste and costs while increasing
production

Health



rapid disease detection
molecular treatment of
disease

Stretching and breaking multiple parallel antibody-antigen bonds with Atomic Force Microscopy (AFM). The model shows an AFM tip with
three tethered single-chain antibody fragments that mimic the architecture of a cancer drug.
www.sciencedaily.com/.../11/051103211212.htm

Functional Foods and Nutraceuticals

Nanotechnology
in Food Products
2009

http://www.google.ca/imgres?imgurl=http://www.foodtechinternational.com/papers/images/application-nano/fig1lge.jpg&imgrefurl=http://www.foodtech-international.com/papers/applicationnano.htm&usg=__EFQ0fJ_zYnlEre0hiOi8E5IOepg=&h=366&w=600&sz=67&hl
=en&start=69&zoom=1&tbnid=FiMdzwyeyNbOpM:&tbnh=123&tbnw=201&ei=Z
RNZTeiBJMTzcbC5pZwO&prev=/images%3Fq%3Dnanotechnology%2Bnutrac
euticals%2Bfunctional%2Bfoods%26um%3D1%26hl%3Den%26sa%3DN%26b
iw%3D1676%26bih%3D821%26tbs%3Disch:10%2C1426&um=1&itbs=1&iact=
hc&vpx=123&vpy=452&dur=250&hovh=175&hovw=288&tx=221&ty=122&oei=
QBJZTfz_AsvOrQe8h6jtBg&page=3&ndsp=32&ved=1t:429,r:16,s:69&biw=167
6&bih=821

http://www.google.ca/imgres?imgurl=http://nanogreensinfo.com/images/interi
or_bionsome.jpg&imgrefurl=http://nanogreensinfo.com/pages/nandn.php&us
g=__U2PMz8kH9MFtlIAu_AlDysvgxXg=&h=217&w=312&sz=22&hl=en&start
=69&zoom=1&tbnid=1CeyUPwViZYS9M:&tbnh=156&tbnw=225&ei=VRRZTe
G7FYf5cfuj5aMM&prev=/images%3Fq%3Dnanotechnology%2Bnutraceutical
s%2Bfunctional%2Bfoods%26um%3D1%26hl%3Den%26sa%3DN%26biw%
3D1676%26bih%3D821%26tbs%3Disch:1&um=1&itbs=1&iact=rc&dur=109&
oei=QBJZTfz_AsvOrQe8h6jtBg&page=3&ndsp=32&ved=1t:429,r:1,s:69&tx=
101&ty=94

Examples of nanoscale research projects
– Advanced Foods and Materials
Network (AFMNet) www.afmnet.ca








Bacteria, Biofilms and Foods:
Nanotechnology-Based
Approaches to Understanding
Bacterial Contamination of Foods
and Food Processing Surfaces
Biopolymer Based Controlled
Release Systems for Biomedical
Applications
Engineering the Oil Binding
Capacity and Rheological
Properties of Nanocrystalline Fat
Networks Structured using High
Shear Fields under NonIsothermal Conditions
Nutrigenomic and Formulation
Studies with Folates and Reduced
Folates









Salt, Science and Society :
A Collaborative Approach to Salt
Reduction in Processed Foods
The Traceability and Authenticity
of Foods from Analytical and
Consumer Perspectives
Manufacture of High Performance
Renewable Fibres from Hagfish
Slime Thread
Advancing the Platform
Technology of Polysaccharide
Nanoparticles through
Development of Value Added
Industrial Products

Examples of nanoscale research projects
– Advanced Foods and Materials
Network (AFMNet) www.afmnet.ca
Salt - emulsion technology

Authenticity

35 µm

Regulations and Policy


Currently, many of the world’s developed nations (US, Canada,
the European Union, Australia, New Zealand, Japan and China)
have issued policies and position statements with regards to the
use of nanotechnology.
 Canada Health Canada http://www.hc-sc.gc.ca/dhpmps/brgtherap/activit/fs-fi/nt_factsheet_fichedocumentaireeng.php
 United States Food and Drug website
http://www.fda.gov/ScienceResearch/SpecialTopics/Nanotechnol
ogy/default.htm
 European Food Safety Authority
http://www.efsa.europa.eu/en/sctopics/topic/nanotechnology.htm
 New Zealand and Australia
http://www.foodstandards.gov.au/consumerinformation/nanotech
nologyandfoo4542.cfm

Objective of Health Canada’s working
definition
The key objectives of this policy statement are to:
• Establish a working means of identifying nanomaterials;
• Assist Health Canada to collect information and establish internal inventories
regarding products, materials, substances, ingredients, devices, systems or
structures that are, contain, or make use of nanomaterials;
• Support communications about nanomaterials with the broader community of
interested stakeholders; and,
• Support the administration of the legislative and regulatory frameworks under
the authority of Health Canada and to help further the development of policy,
guidance and programs applicable to nanomaterials.

Adoption of science and technology at the
nanoscale level - steps must be taken








The introduction of nanotechnology must be transparent.
Education, particularly of the youth, will be of particular
importance in improving the understanding of the
incredible positive opportunities nanotechnology offers.
Benefits to the consumer must be clearly articulated
Potential risks must also be clearly articulated. Particular
attention must be taken to ensure the safety of the
consumer. To achieve this, risk assessments of new
products must be undertaken to identify potential
hazards to human health and appropriate risk
management strategies must be adopted
Finally, in an increasingly environmentally savvy society,
environmental impacts must be studied.

Educating the public but more
importantly the young generation

http://www.nanooze.org/english/nanooze_newsletters.html

Articles/Conferences/Websites


Some examples article/websites:








Nanoparticles and the safety implications
http://www.sciencemediacentre.co.nz/2009/01/12/nanotechnology/
Perspectives on FDA’s Regulation of Nanotechnology: Emerging
Challenges and Potential Solutions
http://www3.interscience.wiley.com/cgibin/fulltext/122599969/PDFSTART
Nanotechnology and the Future of Food: Reviews of Application
http://www.ift.org/cms/?pid=1002195
Nanotechnology in Functional Foods and Nutraceuticals
http://members.ift.org/NR/rdonlyres/4A403244-F5EF-428F-A53FF31B8730BFD8/0/0306nano.pdf

Articles/Conferences/Websites


Some examples article/websites continued:
 Applications and implications of nanotechnologies for the food
sector. Chaudhry, Q., Scotter, M., James Blackburn, J., Ross, B.,
Boxall, A., Castle, L., Robert Aitken, R., Watkins, R. (2009. Food
Additives & Contaminants: Part A, Volume 25, Issue 3 March
2008 , pages 241 – 258)
 Nanotechnology and its applications in the food sector. Sozer, N.
and Kokini, J.L. (2009. Trends in Biotechnology Volume 27,
Issue 2, February 2009, pages 82-89)
 Nanotechnology in Food Products Workshop Summary Institute
of Medicine (US) Food Forum. Washington (DC): National
Academies Press (US); 2009.ISBN-13: 978-0-309-13772-0 ISBN10: 0-309-13772-1
 NanoAgri 2010. International Conference on Food and
Agriculture Applications of Nanotechnologies. 20-25 June
2010.Sao Pedro, Brazil – mini background papers
http://www.nanoagri2010.com/

Articles/Conferences/Websites


Some examples article/websites continued:
 Card, J.W. and Magnuson, B.A. 2010. A method to assess the quality of
studies that examine the toxicity of engineered nanomaterials. Intl. J. of
Toxicology 24(4): 402-410.
 FAO and WHO. 2009. FAO/WHO expert meeting on the application of
nanotechnologies in the food and agriculture sectors: potential food
safety implications, June. Available at
http://whqlibdoc.who.int/publications/2010/9789241563932_eng.pdf.
Accessed July 30, 2010.NanoAgri 2010.
 National Nanotechnology Initiative (NNI). 2010. Research and
Development to a Revolution in Technology and Industry. Supplement to
the President’s FY 2011budget. Available at
http://www.nano.gov/NNI_2011_budget_supplement.pdf. Accessed July
30, 2010.
 Nanotechnology 101 http://www.nano.gov/nanotech-101
 Nanotechnology and You (includes benefits, ethical, legal,
environmental, health, etc) http://www.nano.gov/you

Articles/Conferences/Websites


Some examples article/websites continued:


Exploring Food Nanomaterials. 2010. Food Technology 64(10),
October, pages 44-46.

Online course


Introduction to Nanoscience
http://www.ift.org/knowledge-center/learnonline/online-courses.aspx#selected




Introduction to Nanoscience
Fabricating and characterizing nano materials
Nanoscience application challenges

Conclusion
“Nanotechnology has been called a molecular revolution –
innovation so profound it will allow us to rebuild our world
molecule by molecule. The unprecedented benefits of
such control over matter have the potential to permeate
every aspect of our lives. But so do the risks” - H.
Thomson. 2008 Trek Fall 2008 p.15-17.
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Some Nano Food for Thought
Thank you

