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Table 1. Definition of nanofood

Definition Reference
Food which has been cultivated, produced, processed or packaged using Joseph and

nanotechnology techniques or tools, or to which manufactured nanomaterials

have been added,
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(Noun) Any food substance created by the employment of nanotechnological
techniques in any part of the food chain — cultivation, production, processing or

packaging — not just in food itself,

Morrison, 2006
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Table 2. Example of nanotechnology—based food products

Product category

Product name /
Manufacturer

Content of nanomaterial

Purpose

Food processing
(beverage)

Food processing
(beverage)

Food processing
(beverage)

Food processing
(beverage)
(food)

Food additive

Food additive

Food additive

Food additive

Food additive

Food/health
supplements

Food/health
supplements

Food/health
supplements

Food/health
supplements

Food/health
supplements

Food/health
supplements

Nano Tea / Shenzen
Become Industry &
Trading Co

Nano Slim™
/ Nano Slim

Oat Chocolate
Nutritional Drink Mix
/ Toddler Health

Canola Active Oil
/ Shemen

AdNano
/ Evonik(Degussa)

AquaNova NovaSol
/ Aquanova

Nano—self assembled
structured liquids
(NSSL) / Nutralease

Synthetic lycopene
/ BASF

NanoCoQ10®
/ Pharmanex

Lypo—Spheric™
Vitamin C / Powell
Productions

Mesocopper
/ Purist Colloids

MesoGold
/ Purist Colloids

MesoZinc
/ Purist Colloids

Nano Calcium
/ Magnesium
/ Mag—I—Cal,com

Nanoceuticals
Mycrohydrin Powder
/ RBC Lifesciences

Nanoparticles(160 nm)

"Nano—Diffuse™
Technology"

300 nm iron
(SunActive Fe)

Nano—sized self
assembled structured
liquids = micelles
Nano Zinc Oxide
(food grade)

Prodcut micelle(capsule)
of lipophilic or water
insoluble substances

Nano micelles for
encapsulation of
nutraceuticals

LycoVit 10% (<200 nm
synthetic lycopene)

Nano CoQ10

100—-150 nm "Smart"
Liposomal
Nano—Spheres™

Nano copper
Nano gold
Nano zinc

Nanoparticles (<500 nm)

Mycrohydrin

(Molecular cages 1-5 nm
diameter made from
silica—mineral hydride
complex)

Nano—sized tea particles have increased
sensory property and bioavailability

increase the bioavailability of Orosolic
acid(derived from the Lagerstroemia
speciosa plant)

Nano—sized iron particles have
increased reactivity and bioavailability

inhibit transportation of cholesterol and
increase bioavailability of oil—soluble
vitaming

affords UV protection, effective stability
at high temperature and good
processability

"An optimum carrier system of
hydrophobic substances for a higher and
faster intestinal and dermal resorption
and penetration of active ingredients"

Improved bioavailability means
nutraceuticals are released into
membrane between the digestive system
and the blood

Nano—sized lycopene particles have
increased solubility and bioavailability

Nano technology to deliver highly
bioavailable coenzyme @10, ., making
them up to 10 times more bioavailable
than other forms of CoQ10

increase bioavailability of vitamin C

Nano—sized copper particles have
increased reactivity and bioavailability

Nano—sized gold particles have
increased reactivity and bioavailability

Nano—sized zinc particles have
increased reactivity and bioavailability

Nano—sized Ca/Mg particles have
increased reactivity and bioavailability

Nano—sized mycrohydrin has increased
potency and bioavailability, Exposure to
moisture releases H—ions and acts as a
powerful antioxidant
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Table 2. Continued

Product category

Product name /

Content of nanomaterial

Purpose

Manufacturer
Food/health Natural— Colloidal silver hydrosol Nano—sized silver particles have
supplements immunogenics co increased reactivity and bioavailability

Food contact
material
(food packaging)

Food contact
material
(food
packaging)

Food contact
material
(food
packaging)

Food contact
material
(food packaging)

Food contact
material
(food packaging)

Food contact
material
(cooking
equipment)

Food contact
material
(cooking
equipment)

Food contact
material
(cooking
equipment)

Food contact
material
(Food Storage)

Agricultural
products

Agricultural
products

/ Sovereign Silver

Durethan® KU 2-2601
/ Bayer

Nano Plastic Wrap
/ SongSing
nanotechnology

Constantia multifilm
N-Coat / Constantia
multifilm

DuPont™ Light
Stabilizer 210 / DuPont

Adhesive for
McDonald's burger
containers

/ Ecosynthetix

GreenPan™ with
Thermolon™
non—stick frypan
/ HSN

Nano Silver Teapot
/ SongSing
nanotechnology

Non-—stick self—
assembling nanofilms
for glass bakeware

/ Nanofilm LTD

Nano 7ZnO Plastic
Wrap / SongSing
nanotechnology

Primo MAXX plant
growth regulator

/ Syngenta

Geohumus Soil Wetting
Agent / Geohumus

Silica in a polymer—based
nanocomposite

Nano zinc light catalyst

Nano—composite polymer

Nano titanium dioxide

50—150 nm starch
nanospheres

Ceramic nano coating

Nano silver

10 nm film

Nano zinc oxide

100 nm particle size
emulsion("microemulsion
concentrate")

Biocompatible
highperformance polymer

Nanoparticles of silica in the plastic
prevent the penetration of oxygen and
gas of the wrapping, extending the
product's shelf life

Antibacterial, anti—uv, temperature
resistant, fire proof

A clear laminate with outstanding gas
barrier properties, developed primarily
for the nuts, dry foods, and snack
markets

UV-protected plastic food packaging

The adhesive requires less water and
less time and energy to dry

Ceramic based, nano nonstick
GreenPan™ Thermolon™

Antibacterial

Non-—stick, long—lasting, contaminant
releasing, non—staining, applied during
OEM manufacture

Anti—UV, reflecting IR, sterilizing and
anti—mold, fire—proof, better
temperature tolerance

The extremely small particle size allows
Primo MAXX to mix completely with
water and not settle out in a spray tank

Soil enhancer with water storage
capacity based on nanotechnology

(The Woodrow Wilson Nanotechnology Consumer Products Inventory; Sanguansri P ef al, Trends Food Sci Technol,
17, 547-556, 2006; Joseph T et al, A Nanoforum report, 2006; Cientifica Report, Nanotechnologies in food
industry, 2006; Helmut Kaiser Consultancy, Nano Food 2040, 2007; Miller G et al, Friends of the Earth Australia
Nanotechnology project, 2008)
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Table 3. Classification of nanomaterials with application in food and food preparation

Category

Example materials

Example application

Nanoparticles

Inorganic

Organic

Nanofibres/fibrils

Nanoemulsions/
dispersions

Emulsions

Dispersions

Nanoclays

Iron

Silver

Iridium
Platinuim
Zinc
Liposomes

Protein

Polymeric

Globular proteins

Oil in water

Calcium Carbonate

Clay composites

Food supplement

Food supplement, antimicrobial agent
— used in food contact surfaces
(cutlery, storage containers, fridges and worktops)

Food supplement
Food supplement
Food supplement
Encapsulation and targeted delivery of
food components

Re—micellised calcium caseinate from dairy protein,
Increased functionality(gelation, heat stability and
other properties)

Non—degradable: polystyrene
Biodegradable: PGLA, gelatin, collagen

Thermal stability, increased shelf-life,
Formation of transparent gel network for use as
thickening agent

Stabilisation of biologically active ingredients;
delivery of active compounds; extended shelf—life;
flavour release. low fat products

Increased solubility of calcium carbonate—can be
used at higher addition levels

Used in packaging materials to extend shelf—life,
durability, and thermal properties(includes nano—
laminates)

(Weiss J et al, J Food Sci, 71(9), R107-R116, 2006)
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Table 4, Physical and chemical techniques for characterizing nanoparticles

Technique Property to be measured
Rheology Elasticity, viscosity, shear, strain
Dynamic light scattering (DLS) Particle size, distribution, aggregation and hydrodynamic
photon correlation spectroscopy (PCS) radius, zeta potential
Size exclusion chromatography Molecular weight, hydrodynamic properties
Absorption spectroscopy Electronic nature of material
Fourier transform infrared spectroscopy—FTIR Vibrational energies and composition chemical identification

Luminescence spectroscopy(electro— photo— etc.) Defects and impurities in samples

Cyclic voltammeter, potentiometric and Kinetic, thermodynamic and electronic

electrochemical techniques parameters, surface charge

Confocal laser scanning microscopy Topography, depth profiling, fluorescent imaging

N2 Gas adsorption BET surface area, pore size distribution

Raman spectroscopy and surface enhanced Vibrational energies and composition and chemical

raman(SERS identification

Atomic Force Microscopy—AFM(and associated Surface topography and chemistry, grain size, electronic

techniques, Magnetic Force Microscopy MFM, properties

Chemical Force Microscopy CFM etc.)

Transmission Electron Microscopy—TEM Morphology size shape crystallographic structure

Scanning Electron Microscopy—SEM Topography, morphology, size distribution

Scanning Tunnelling Microscopy—STM 3-D surface topography, size, shape, defects, electronic
structure,

Acoustic attenuation spectroscopy Particle size and distribution agglomeration

Elecroacoustic sonic amplitude—ESA particle size charge and zeta potential

Doppler micro electrophoresis particle size charge and zeta potential

Electro acoustic spectroscopy particle size charge and zeta potential

Energy Dispersive Xray Spectroscopy—EDXS Elemental analysis

Field flow fractionation (FFF) Composite size, molecular weight, hydrodynamic radius

Nuclear magnetic resonance spectroscopy ~NMR  Identification of structure and ID

Small angle Neutron and X—Ray Scattering Structural information

(SANS / SAXS)

X—Ray diffraction (XRD) Crystallographic information

X—Ray absorption (XRA) Structural information

Inductively coupled plasma mass spectrometry Composition and mass

(ICP—-MS)

Scanning Near Field Optical Microscopy—SNOM Chemical specificity, orientation information

Single molecule spectroscopy—SMS Charge separation, excites states, and fluorescence
efficiencies

Ellipsometry Surface properties, density uniformity and anisotropy

Electron paramagnetic resonance (EPR) Chemical state, spin orientation determination of G factor,

or electron spin resonance (ESR) kinetics

Auger spectroscopy Chemical analysis and composition of surfaces

X—Ray photo electron spectroscopy XPS Chemical analysis of surface

Mossbauer Chemical structure, and magnetic properties

Electron energy loss spectroscopy—EELS Chemical composition bonding in crystals and at interfaces

Electron Diffraction Geometry of gaseous molecules

Low Energy Electron Diffraction—LEED Characterization of surface structures

(Weiss J et al, J Food Sci, 71(9), R107-R116, 2006)
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Table 5. Biophysical and biological techniques for characterizing nanoparticles in biological environments

Technique

Property to be measured

Circular dichroism spectroscopy (CD)

Differential scanning calorimetry (DSC)
Isothermal Titration calorimetry (ITC)
Fourier—transform Infra—red spectroscopy (FTIR)
Total Internal Reflectance Fluorescence (TIRF)
Enzymatic Assays

Phage display Libraries

1D and 2D gel electrophoresis

Ellipsometry

Secondary and tertiary structure of adsorbed proteins
Secondary structure of proteins, protein stability

Binding isotherms, numbers of proteins bound per particle
Secondary structure of proteins

Protein orientation and spreading at surfaces

Catalytic activity of adsorbed proteins

Amino acid sequences of peptides with surface affinities
Identification of adsorbed biomolecules

Amount of bound protein and thickness of protein layer

Confocal laser scanning microscopy

Limited proteolysis

Raman spectroscopy and surface enhanced Raman
(SERS)

Atomic Force Microscopy — AFM

(and associated technizues Magnetic Force
Microscopy MFM, Chemical Force
Microscopy CFM etc.)

Immunofluorescence screening

Electron Microscopy — TEM/SEM

Ribonuclease protection assays

Real—time polymerase chain reaction (RT—PCR)

Site—directed mutagenesis

Matrix—assisted laser desorption ionization
(MALDI) time—of—flight mass spectrometry
(ToF—MS)

Time—of—flight secondary ion mass
spectrometry (ToF—SI-MS)

Visualization of nanoparticle interaction with cells

Fragmentation patterns of proteins, accessible cleavage
sites in adsorbed proteins

Thickness and structural arrangement of adsorbed protein
layer

Volume and height of adsorbed proteins,
Nonoparticle—cell interactions?

Antibody binding to proteins as indicator of concentration
of adsorbed proteins

Cellular localisation of nanoparticles

mRNA transcripts in complex mixture—cellular response to
materials

Gene expression changes—cellular response to materials

Identification of binding site by changing single residue in
protein

Identification of adsorbed proteins by molecular mass

Peptide segments presented at surface of adsorbed layer

Fluorescence Correlation Spectroscopy
Quartz crystal microbalance

Nuclear magnetic resonance]
spectroscopy—NMR

Fluorescence Resonance Energy Transfer (FRET)

Small Angle Neutron and X—Ray
Scattering (SANS / SAXS)

Surface plasmon Resonance

Dynamics of single molecules

Identification of structure and ID

Extension of proteins upon adsorption, Iocalisation of
nanoparticles intra—cellularly

3D resolution of shape and arrangement of adsorbed
proteins

Amount of bound protein, association/dissociation rates
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