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Application areas of nanotechnology in
the food production chain

» Heat/Mass transfer
» Nano-scale reaction eng
* Nano-Biotechnology
* Molecular synthesis

Processing

Materials

r

* Nano-particles

* Nano-emulsions
* Nano-composites
* Nano-structures materials
Nanoproducts as
subjects of control

|

Product

Food Safety
&

Biosecurity

* Delivery
* Formulation
* Packaging

* Nano-sensors
« Nano-tracers

Nanodevides as tools

for control

Figure 1. Nano applications in food and the food industry.

.C. and Pico, Y.




Maillard-conjugation based core-shell co-assemblies
for nanoencapsulation of hydrophobic nutraceuticals

in clear beverages
Yoav D. Livhey*, Gilad Markman, Jane Levinson, Yedidia Zaguri, and Sahar
Halzzhi 27N11

Figures

Legend:

A poly- or oligosaccharide
A protein or a peptide with
a hydrophobic domain(s) é

A hydrophobic nutraceutical @

Figure 1. Schematic model of the Maillard-conjugation based core-shell co-assembled
nanocapsule (Diameter ~ 10-50 nm)



“General Self-Assembly Mec
Proteins Into Giant Multis
Ccile Lara, Jozef Adamcik, S
Biomacromolecules, 2011
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Controlling morphology of phase separated

gelatin-maltodextrin gels in emulsion droplets
Sophia Wassén, Niklas Lorén, Anne-Marie Hermansson, 2011

Figure 1. CLSM micrographs of emulsion Figure 2. CLSM micrographs of
droplets showing the effect of confinement microfluidic produced emulsion droplets.
on the internal morphology. The Different microstructures are obtained by

concentration is 4% w/w gelatin and 6%

maltodextrin. The cooling rate was
55°C/min from 60°C to 20°C. The scale

bars represent (a) 100pum (b) 25um.

changing the cooling rate (a) 90°C/min (b)
55°C/min. The concentration is 4% w/w
gelatin and 7.3% maltodextrin. The scale
bars represent 100pum.







Fig. 2. Various protein nanocarriers as pillars of protein nanotechnology. Protein nanotechnology includes various nanocarriers system like metallic, polymeric and self
assambly,

Yadav et al., 2011



Curcumin encapsulated in chitosan nanop
the treatment of arseni
Abhishek Yadav , Vinay Lomash , M. Sa

urcumin were
d applied as a stable

s of less than 50 nm in
g curcumin were prepared.
were characterized by TEM, DLS
erapeutic efficacy of the encapsulated

rcumin nanoparticles (ECNPs) against
arsenic-induced toxicity in rats was investigated.



Nano Plastic Wrap

Constantia multifilm
N-COAT

DuPont Light Stabilizer
210

Adhesive form
MacDonald's burger
containers

Food additives
AdNano

Aerosil, Sipernat

AquaNova NovaSol

Songsing
Nanotechnology

Constantia Multifilm

Du Pont

Ecosynthetix

Evonik (Degussa)

Evonik (Degussa)

AquaNova

Nano zinc light catalyst

Nanocomposite polymer

Nano TiO;

50-150 nm starch
nanospheres

Nano ZnO (food grade)
Silica (food grade)
Product micelle
(capsule) of lipophilic,

water-insoluble
substances

Biodegradable after use
Compostable to European
standards EN13432

Made from renewable and
sustainable resources (non-GM
corn starch)

Water dispersible, will not
pollute local groundwater
systems or waterways

In use since 2002

A clear laminate with
outstanding gas-barrier
proprieties developed primarily
for the nuts, dry food and snack
markets

UV-protected plastic food

packaging

The adhesive requires less water
as well as less time and energy to

dry

Free flow add for powdered
ingredients in the food industry
An optimum carrier system of
hydrophobic substances for a
higher and faster intestinal and
dermal resorption and
penetration of active ingredients

http:/Avww.physorg.com/
news717488335.html

http:/Avww.constantia-
multifilm.com/

http:/Avww2 .dupont.com/
Titanium_Technologies/
en_US/products/dls_210/
dls_210_landing.html
http:/Awww.physorg.com/
news7 1748835.htlm

www,advancednano
materials.com
www.aerosil.com

http:/Avww.aquanova.de/
product-micelle.htm




Solu E 200 BASF BASF

Synthetic Lycopene BASF

Food and beverages
Nano Tea

Nano Slim

Nanoceuticals Slim
Shake Chocolate

Nanoceuticals Slim
Shake Vanilla

Fortified fruit juice

Daily Vitamin Boost

Oat Chocolate
Nutritional Drink Mix

Shenzen Become
Industry & Trading Co

Nano Slim

RBC Lifescience

RBC Lifescience

High Vive.com

Jamba Juice Hawaii

Toddler Health

Vitamin E nano-solution
using NovaSOlI

LycoVit 10%

(< 200 nm synthetic

lycopene

Nanoparticles
(160 nm)

NAno-Diffuse
Technology
Nanodusters

Nanodusters

300 nm iron
(SunActive Fe)
300 nm iron
(SunActive Fe)

300 nm iron (SunAclive
Fel

Solubilization of fat-soluble
vitamins

Patent No.: 0100033.3 - Three-
step preparation method and its
application for nanotea

Patent No.:02100314.9/
00244295.7 - Multi-layer,
swinging nano-ball milling
procedures

Orosolic acid (derived from the
Lagerstroemia spaciosa plant)

22 essential vitamins and
minerals and 100%, or more of
your daily needs of 18 of them!
Toddler health is an all-natural
balanced nutritional drink for
children from 13 months to

5 years. One serving of Toddler

http//www _human-
nutrition.basf
http//www.human-
nutrition.basf.com

http//www.369.comcn/Er/
nanotea.htm

http//www .nanoslim.con/
nanoslim-information. html
htip/iwww . rbdifesciences.
com/Meal_Replacement_
Shakes.aspx

http//
www.rbdifesciences.com/
Meal_
Replacement_Shakes.aspx
http//www highwive.com/
sunactiveiron.htm

http/
jambajuicehawaii.com/vita-
boost.asp
http//www.toddlehealth.net/
OatChocolate.php




HPMC film

Liposome =
Nisin g
5 © o
Food System —— O -~ £
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Fig. 1. The diffusion/release of liposome-encapsulated nisin embedded in HPMC nano-active films.

ulsion-based
aging films

ab-Tehrany, Jacquot,
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Application on pear and orange juices (2011)
s

scopia de fluorescencia

Nanoencapsulation of essential oils to enhance their antimicrobial activity
in foods

Francesco Donsi®*, Marianna Annunziata ®, Mariarenata Sessa ?, Giovanna Ferrari *P




Relevant Nanomaterials in foods

Nano-emulsions a’;""d‘ ]
Procesed Surfactant micslles o
nanostructured in food - gﬂl;zm b"hl);lm,umﬂ ' - v omnt;n
NANOTEXTURES ouble or multiple sions ;
t ) Reverse micelles Ice creams
i : Vegetable oil
Nanomicelle-based camier . e
Nanodeliver systems system emchoid in n:;tumnm
based lated - ; - minerals a
ggh?d"::;" al Nanocluster delivery system clstochanicals

Nanomaterials relevant ‘ Surface functionalized NMs
to food applications

Nano-enabled food
contact matenals
(FCMs) and packaging

anotechnologyin ‘
agricultural sect

Inorganic NMs (TiOy_ silver, silica, selenium, calcium, iron)

Organic NMs (synthetic nanosized form of lycopene, fullerenes,
carbon nanotubes)

NP reinforced matenals (polymer

nmwosi ibsw:;l nnidn:-dawﬁﬂﬂm' Nanoclay-polymer composites
s or metal oxides, coating Oxygen detecting ink containi
contained NPs and antimicrobial TiO.NPs NN
nanoemulsions) ‘ Nanolayer of silver that react
with hydrogen sulfide

Intelligent packaging concepts based
©On Nanosensors

Natural biopolymer from yeast cell walls that bind

mycotoxing
Animal feed ‘ Polystyrene (PS) base, polyethylene glycol (PEG) linker,
Agrochemicals and mannose targeting biomolecule to bind £, cof

Slow- or controlled-rel=ase fertilizers and pesticides

Figure 2. Manomateriak relevant to iood.
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Nanocapsule

Product

Description

MNovaSOls. A

Witamnin &-5olubil sate

MNovaSOls ADEK

Solubil kate of Vitamine &, D_E, K

MNovasOls ADEK-Q10

Solubilisate of Vitarnine &, [, E, K & Coenzyme O,

MNovaSOLls Lipoic

w-Lipoic acid-Selubilisate

NovasOls pc E-CarcteneSolubilsate X
NovaSOL. Ascorbic Acid- -Solubilisate X
Maw r Ascorbic Acid - F DL-o- Tocophen:-l— Solubilsate ¥
asOL~ s (for processed mea‘t.l‘sal.lsage:l
Maow % Ascorbi Acid /- DL-o- Tecopheral-5olubil sate X
asOL~ coF ffor oils | fats) i
Maw % Ascorbic Acid-/ Mixed-Te<opheral- Salubilisate Xxlix
asOL~ c1 (for essential ik, flavors, fragrances, cosmetics)
‘NovaSOL- Citric Citric Acid-Salubilisate X
MowaSols Sarbic Acid-5olubilisate ¥ I x
ty EII !Eresenlatlon u'ff-:n:ngl drinks & -:orsrnetg
MeovaSOls. Doz Benzolc Acid-Solubilisate X
(presarvation of chaess rind & sEuiage -:aslngg
MowvaSOls Benzoic Acid-Solubilisate XIx
s [presarvation uff-:nngl drinks & -:-Jsmeﬂu!
MowaSols Sorbicacid/ Benzoic acid-5olubilisate X
Qb DCrad ;Ereservatinn of chesse rind & sausage cas ngs!
MovaSOl. ps/44 Sorbicacid/ Benzoic acid-5olubilisate ¥ I x
;Ereser'ratic-n of fnﬂ drinks and -:usmeti-:si
NovasoLs E DL-a-TocopherakYitarnin E-&cetate-Solubilisate X X
MovasOls 150 Isaflavone-Solubil bate, Capsule Grade X X
[source: soy oflavonss) Isoflavane-Solubilkate, Food Grada
X x

MovasOLls Lutein

Luteir-Salubilisata

NovasOLl= Omega

Ormega 3-fatty acid- Solubilisate

NowvaSOLl. g

Coenzyme 0, Basi-Solubilisate, — GRAS

Coenzyme O-Solubilisate, Soft Gel Grade - GRAS

I

Coenzyme Qy-Solubilisate, Beverage Grade - GRAS

LA B I

NovaSOL-~ Rosem ary

Risernary Extract - 5ol ubilisate

Pharmaceutical products
Protection of raw materials

Presentation
NovaSOL® products are offered in a variety
of forms such as:

Pure liguid bulk solubilisate
Capsules In bulk
Packaged Capsules (Full Service)

Documentation & Samples
On request we will supply you with:

Product data sheets

Certificates of analysis

Material safety data sheets (MSDS)
Summary bioavailability studies
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science nature wellness usa = Make a Retail

=~  Purchase Here

home company products sclence  business review events contact us

products = daily multi-vitamin

T m dailymulti-vitamin, Our Premier Product
! An All Natural Nano-Encapsulated Multi-Vitamin, Mineral and Herbal Supplement

s dailymulti-vitamin isn't just a vitamin supplement. It’ wegf health and well being
The specially selected vitamins, minerals and be itamin provide a
substantial increase in nutritional value _j due to their combination, and second due to nano-
encapsulation. Cur All Natural Pate efzmall enough to be
absorbed with maximum effici
The prefix ‘nana’ means n ~pillianth, sn anann .Manotechnology is
the increasingly popular, me food, robotics and

particle size of varioug ficient absnrptinn One ofthe best
ways to create nano =N
then envelops molecule®sNgthe active comppe®™ | here are a number of different encapsulatmn
technologies, but the most favorable type is natural — and that's why we've developed All Natural
Patented Nanotechnology ™.

Well, what does this mean exactly? Why is “natural” nano encapsulation a better alternative?

The answer is quite simple. Our All Hatural Patented Nanotechnology ™ process uses only natural
plant lipids as the basis forits nano-encapsulation. This ensures the compounds dissolve gradually,
providing a sustained release of the vitamins, minerals and herbal compounds. By the time the body
message from the CEQ has absorbed the nutrients in this safe and efficient manner, the nano paricle has completely
dissolved. In other wards, the plant lipids are metabolized just as any other food stuff would be.

USA Purchase Retail Now! Forthose unfortunate souls whose daily menus are limited by food allergies, look no further.
. dailymulti-vitamin is allergen free of yeast, corn, wheat, lactose, dairy, citrus, egg, fish and nut
products. It contains no suaar. arificial flavors. colors or sweeteners.
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Table 1. List of current and projected nanotechnology applications in the food and agriculture sectors®

Mature of application

Projected benefits

Potential risks

Processed nanc-struciuned or
nano-textured food product

2012!!

Mano-Carrier systems for delivery
of nutrients and supplements in the

form of liposomes or Diono ymes
based nano-encapsulated

substances

Crrganic nano-sized additives
{miany of them natwrally occurring
substances| for food, health-food
supplements, and animal feed
applications

Imorganic nano-sized additives for
food, health-food and feed
applications

Lse of less fat and emulsifiers, stable emulsions,
better tasting food producs. A typical produa of
s type of application would be a nano-textuned
food (eg. ice cream, mayonnaise, spread, eic.)
which is low-fat but & “creamy™ as the full-f
alernative. Such produds would therefare affer
“haalthy’ but tasteful producs to the consumer,
Processing foodstull at submicron of nano-scale
& also known 1o kill amy microbial pathogens,

Taste masking of cerain ingrediems/additives,
such as fish ails, profection of cerain ingredients
during processing, improved optical appearance,
improved bicavailability of mariens and
supplements, anfimicrobial action, and other
health benefis.

Due to larger surlace area, lesser amounts would
e needed for a function or a sk atiribue,
Chher claimeed bensfils include batier
dispersability of water-insoluble additives in food
product without the need for additional fat or
emukifiers, and enhanced tstes and flavours dus
o greater surface areas of the nano-sized
additives compared to bulk foms, Virually all
produck in this category are also claimed for
enhanced absarption and improved
bicavailability in the body compared o
conventional bulk equivalents,

Essentially the same benefit as claimed for
organic nano-sized additives (see abovel, Other
projecied benefits include increased food
hrygiens due 1o antimicrobial activity of nano-
sized matalicxide) additives,

This application area is of keast
concern, as the food nanostructures
are likely 1o be solubilised or digested
im the Gl tract and should not carry
insoluble materials to the crculatory

systenn.

Increased absorption, uptake and
bicavailability of certain addifives a
supplements may also aler thsue
distribution of the substances in the
body. ADME properties of some
encapslated substainces may be
different from comeentional bulk
equivalents.

Mano-siz 'ng may lead ig

digtributig

indligestinle and pdm ;
biopersisient nanopanicles,

platinum sfc.

Micronized

Exarplﬁ includge

ran, silica, titanium
calkcium, magnesium,
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poor barrier properti

Poor mechanic

Evans, 2005; de Carvalho; Curvelo;

e .
shan; Halley, 2003; Park et al., 2003).




Crystallinity Surface Area

Crystal Size Crystal Phase Shape

Fig. 9. This diagram illustrates the interrelationships between crystal structure, surface chemistry, and size of nanocatalysts [134]
(Reproduced with permission from Royal Society of Chemistry 2011.)



Some example applications:
NanoFood:

Nanocapsules and nano-objets for
smell, taste and colours

Interactive food: attractive
Improvement of food

Nanocontrol of

Improved

Helmut Kaiser Cons, set 2012
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About Us Mews

Home Products & Applications Orders & Sales

Particle Sizing

Particle-by-particle measurement for accurate particle size and size
distribution analysis of sample populations.

s Absolute size (40nm-10pm) & Size distribution
» Multiple populations » Aggregation analysis
» Population resolution

Background

lzon's SI0S technology platform offers a new and convenient solution for
evaluation of particle size and size distribution of nanoparicle samples in a fluid.
The single particle detection methodaology of 3103 ensures an accurate size
distribution output without the averaging effects inherent in other size analysis
technologies.

Current (nA)

A discrete blockade event signal is recorded by the system each time a particle
traverses the nanopore. These individually discriminated measurements are
built up into a total population view of the sample.

The magnitude of a measured blockade signal is a key indicator of the volume
(or equivalent diameter) of the particle that has passed through the pore. This
information allows:

« Evaluation of absolute paricle size

« Paricle size distribution and volume fraction analysis

« Resolution of distinct particle populations within a single sample



Product Group
v ZETASIZER RANGE

© Zetasizer Nano Range

> Zetasizer Nano S

> Zetasizer Nano S90

> Zetasizer Nano Z

> Zetasizer Nano ZS
Zetasizer Nano Z590

Overview

How it works

<

Specification

Accessories

> Software features
> Specifications
> Applications

© Zetasizer APS
© Zetasizer pV

FURTHER INFORMATION:

© About Dynamic Light
Scattering

Zetasizer Nano Z2S90

An entry level system for the
measurement of particle size and
molecular size at a 90 degree
scattering angle using Dynamic
Light Scattering, also with the
ability to measure zeta potential
and electrophoretic mobility using
Laser Doppler
Microelectrophoresis, and
molecular weight using Static Light
Scattering.

ovewkw m spec“lcatmn

The Zetasizer Nano ZS90 is the perfect lower cost solution when the ultimate in sizing
sensitivity is not necessary. or where identical results to a legacy system with 90
degree scattering optics is required.

« Size measurement from 0.3nm (diameter) to 5 microns using 90 degree scattering
optics

« Zeta potential of proteins and particles from 3.8nm up to 100 microns (diameter) using
patented M3-PALS technology

+ Molecular weight measurement down to 9,800Da

s A Quality Factor gives confidence in the data

s The Expert advice report gives help to improve sample preparation or the measurement

procedure

21CFR part 11 software option enables compliance with ER/ES
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Particle Diameter (nm)

Particle size distribution recorded from polystyrene
particle sample demonstrates a trimodal response.

300nm

[

SEM image of polystyrene particle sample confirms
the presence of three populations of 220nm, 400nm
and 780nm diameter particles.

Particle-by-Particle Sizing

The example on the left demonstrates measurement of a polystyrene
nanoparicle sample with three distinct size populations.

Individial particle signals are recorded. The relationship between measured
blockade event magnitude (nA) and particle volume allows the determination of
the absolute size of paricles in a sample (nm). Paricle-by-particle data is
displayed as size-distribution graph for the sample.

The SEM image confirms the presence of three populations at 220nm, 400nm
and 780nm diameter.
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Ato Z Index | Follow FDA | FDA Voice Blog

ID/A) U.S. Food and Drug Administration I
r

Protecting and Promoting Your Health

Most Popular Searches

Medical Devices | Vaccines, Blood & Biologics | Animal & Veterinary | Cosmetics | Radiation-Emitting Products

Tobacco Products
ocuience « nesearch a o

© Home @ Science & Research @ Science and Research Special Topics @ MNanotechnology

Center for Food Safety and Applied Nutrition Nanotechnology

nd Research Special

Programs
Nanotechnology With the advance of science and technology, nanomaterials are being explored in a variety of products, both
food and cosmetics, regulated by the Center for Food Safety and Applied Nutrition (CFSAMN). In order to provide
Current Nanotechnology Programs sound, science-based regulations and guidelines to its stakeholders, the Center has invested resources in
at FDA regulatory science research focused on safety assessment.

The goal of CFSAN's nanotechnology regulatory science research is to improve information regarding safety
asseszsment for nanomaterials and to inform regulatory decision-making, including any development of policy
and guidance on food and cosmetic products. Currenthy, CFSAN’s nanotechnology regulatory science research
focuses on the following:

» Characterization of nanomaterials
Using systematic approach to understand the interaction of a variety of matrices and nanomaterials.
Exploring the use of electron spin resonance spectroscopy (ESR) as a way to characterize the interaction
and its possibilty as a rapid screening tool;

» Dermal penetration when applied in cosmetic products
Determining the dermal penetration of nanomaterials in vitro as a means to estimate consequent absorption
and possible toxicity;

» Migration to food when used in food packaging materials
Examining the possibility of nanomaterial leaching from food packaging materials and to determine if there is a
safety concern related to these packaging materials; and

» Possible consequent toxicity
Investigating different approaches to study the potential toxicity of nanomaterials used in foods and
cosmetics, for example: developing pharmacokinetic-based models for guantitative risk assessment and
using atternative animal models.




A Hard Pill to Swallow: Barriers to Effective
Regulation of Nanotechnology-Based
Dietary Supplements

William B. Schultz

- A HARD PILL TO SWALLOW:
Lisa Barclay i it
January 14, 2009 i i

Project on Emerging Nanotechnologies
Woodrow Wilson International Center for Scholars
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'. RMIT NanoSafe Australia //

UNIVERSITY

Search i_E-nti_r-e -R'I'_u'il'-l'"we'b' s-i-te EI

Research priorities

Home | About | Research | Resources | PhD projects in 2010 NanoSafe

. W . &

MNanoSafe Australia’s current research priorities include the following areas: Australia
* Toxicokinetics {including dermal penetration and distribution), toxicity testing and risk assessment of nanomaterials in &

sunscreens, specifically zinc oxide and titanium dioxide.
* The development of research tools for nanotoxicology research, specifically:
o Appropriate physico-chemical characterisation methods for describing nanomaterial toxicity.
o In vivo toxicokinetics and dermal penetration detection methods for nanomaterials.
o Appropriate dosimetry models, dose-response relationships and mechanisms of action of nanomaterials.
High-throughput methods for rapid nanotoxicity screening.
s Evaluation of occupational health and safety {OHS) measures in the workplace for controlling exposure to engineered nanomaterials.

&

Many NanoSafe Australia participants are also members of the Australian Research Council Nanotechnology Network {ARCNN] and contributors to the
Australian Consortium for the OECD Working Party on Manufactured Manomaterials (WPMN].

Copyright © 2011 RMIT University - Disclaimer | Privacy | Accessibility | Website feadback | ABN 49 781 030 034
CRICOS provider number: 001224 | Print version | Open Universities Australia
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Mi corazon ha sobrevivido a 16 novias y 3
ex-esposas. ;Crees que le tengo miedo a

una hamburguesa con papas fritas?
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