How will the food of future be?
Nanofood: augmenting nature

Prof. Lorenzo Pastrana

IN l:°~‘..

International Iberian Nanotechnology Laboratory

-.-‘
o4Food Unit I N L‘:.‘.\‘\ International Iberian Nanotechnology Laboratory
o



Braga (North of Portugal) was founded 2009 by the governments of Portugal and Spain
ENTERNATIONAL TBERTAL under an international legal framework to perform interdisciplinary research, deploy and
- communicate nanotechnology for the benefit of society.

IN Lﬁa The INL International Iberian Nanotechnology Laboratory, having its headquarters in

LEELERE o

e INL IN NUMBERS

A Corufia
L J

. Santiagoide

51j0
] :
L .
onostia /g
itoria-Gasteize ’ ' ,
Compostela én -l N
L)
Pontevedras  Ourense i ) l!
. : »
Vigos\ ! AT 8. {
,,/ O M‘L {l . B = ¢l
g R ' » R alladolid| ' . ".
7\ f A - a

\

(0) ) 5 A Y
ofg N// A : - v
; °t V/l Sal'an.'nanca: : "‘ :' ™ +400 +40 100’5
é Sl ol Researchers Nationalities Collaborations with
9 ). o o Eoh companies
' e o n £
Portugal _j E@gfa‘na p Valencia
A Spalin:
; B:;Ld?ajoz » : ) > : ih@
Usgoa g . i; ; ¢
E. & e 1000 m? State-of-the-Art  State-of-the-Art
State-of-the-Art Electron Microscopy Nanophotonics
Cleanroom Facility Imaging Flagship Facilitiy
and Spectroscopy
Facilitiy

Gibraltar

Food & Environment Renewable Energy




Towards a new sustainable food system model

Traditional technologies have to be replaced for new
disruptive technologies to face the new challenges in the
food system

100%

BY 2050
POLULATION 100% MORE FOOD 70% FOOD FORM

MORE EFFICIENT

WILL REQUIRE TECHNOLOGIES
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In the future foods will be...

®* Healthier and natural
® Sustainable

® Safer
® Tastier

...and Nanotechnology makes It possible
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Sensorization

Digitalization

Blockchain
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Digital

Toward a digitalized food system

= Analytical method

= Sensors &
biosensors

= Smart materials &

Labels
= Mew procedures
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| Grape Project

Integrated low-Cost and Stand-Alone Micro-Optical System for Grape Maturation and Vine
Hydric Stress Monitoring

It will consist of an optical detection head ( flexible strip or transparent canopy) connected to the
grape bunch, including power, signal pre-processing, and wireless communications. The detection
head will be optically based (UV-VIS-NIR) using an integration of LED sources and
photodiode/interference filter arrays at wafer level or wafer package level.
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Nanotechnology for a Safe and Sustainable use of Water Resources

Electrochemical sensors Electrochemical impedance
INGyy 4 WARERNAYSENY portable platform

Design Fabricated@hip30x60mm)

ol
Detection system Neosiasp R o Sl | “connector
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DNA based sensors for food analysis

Graphene biosensors Phage based biosensors

Biological
Samples

DNA capture
probe
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BioNanoFactory
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The Nanoscale In Foods
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The Nanoscale of Foods
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Healthier Food

Personalization

Bioactive encapsulation
Food 3D-Printing
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Personalization
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Population aged 60 years or over (millions)

Big Challenges for the XXI Century

2015
2000 Percentage
m Africa aged 60
years or
Asia Country or area over
1500 Martinique 38.5
® Latin America Japan 37.3
and the [taly 36.6
1000 Caribbean
Oceania Germany 36.1
gal
500 = Europe China, Hong Kong SAR
= Northern Greece 33.2
e s ecggg O Slovenia 32.7
22 R & K8 &8 &8 8 Austria 37 4

Population growth and Ageing are incresing fast
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Less Is More: Nano Sized Salt and Sugar

® 1.56 billion people worldwide will have hypertension by the year 2025

® |t Is expected to have 642 million people living with diabetes worldwide by 2040

Sodium-rich diets are a leading cause of hypertension, and a
reduction on salt intake is advised
(WHO - http://www.who.int/elena/titles/sodium_cvd adults/en/)
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http://www.who.int/elena/titles/sodium_cvd_adults/en/

Less Is More: Nano Sized Salt and Sugar

We have technologies suitable for producing salt particles in the range of 1-2 um

A. Regular fine commercial salt (Sigma Aldrich) B. MicroSalt Formulation 1 C. MicroSalt Formulation 2

It IS posible to reduce 50% amount of salt keeping the salty taste
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A proof of concept in Sweden, Summer 2017...

Healthier nanoengineered almonds with the same taste than regular snacks
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Swalloging difficulties (Dysphagia) and 3D Printed Food

»45% seniors have symptoms of dysphagia
» Soluble proteins such as whey protein can be structured to obtain nanotubes

»Design meals for easy swallowing In dysphagia patients by using be printable proteins

2 kDa
a-La Monomer Dimers ' 0' onome
410 Hydrolysis | ™" I formation | ya "
~142kDa : RN

Nanotube
elongation
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Functional Foods

» Malnutrition can affect 50% of the frailest elderly population

»Direct incorporation of micronutrients to the biscuit mass Is not compatible with fabrication
process and yield unacceptable guality and sensorial biscuits

Contro! FR

| —

Control without Fe Formulation with Fe
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Nano-encapsulation of micronutrients

*Fe, Ca and Se must be encapsulated to prevent their degradation, reduction of
bioavailability

» Encapsulation of iron Is technologically compatible and mask offlavours
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Sustainability

Food waste

reduction

Active,
Edible and
Smart Packaging
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Replacing petrol based plastics

270 million tons of non-biodegradable/non-compostable plastics are produced annually

Packaging industry Is the main user of synthetic plastics

Total: 45.0 Mtonne

Packaging

Building &
Construction

Automative

Electrical and
Electronic equipment

Others

PELD,  PE-HD re Ps PS-E MiC ABS,  PMMA P PET Other PUR
PE-LLD SAN Thermo-plastics

(1) www.plasticseurope.org; (2) http://epp.eurostat.ec.europa.eu/portal/page/portal/eurostat/home; (3) http://www.clal.it/en/index.php
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Antioxidant and Antimicrobial edible coatings...

Based on blends of natural biodegradable food grade biopolymers

Made with bacterial cellulose, natural waxes, protein hydrolisates or polyphenols extracts

Candelilla wax Candelilla wax

No treated coating + PPE coating

Initial

Stored:
8 weeks (5°C/90%RH)
2 weeks (25°C/902%RH

Layer-by-Layer
Electrospinning
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...and films

Aginate-Chitosan active films
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Superhydrophobic and antimicrobial paper

- Superhydrophobic paper obtained by ultrasonic coating
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Smart coatings...

Based on blends of natural biodegradable food grade biopolymers

Made with bacterial cellulose, natural waxes, protein hydrolisates or polyphenols extracts

PNIPA - Poly(N-isopropylacrylamide)
NA - natamycin
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... and Smart Packaging

Empowering the consumer

ING,
Fresh Chicken

£4.99

Safe until it turns red ‘

222222222222222

Nano-enabled Information and Communication Technologies (ICT) can improve
consumers’ information about what they eat
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Safer

Traceabillity,

authenticity

Anticounterfeiting labels

Food Processing Group — Nano4Food Unit I N L“.‘.} International Iberian Nanotechnology Laboratory
o



Blockchain adapted edible packaging

Integrated, repeating watermark embedded in the edible packaging material making it
technically and economically challenging to duplicate

Electron beam induced photoluminiscence
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Structural Color

l,um x15, 666
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Labels, matermarks and stamps
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Tastier

Authenticity
New experiences
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Foams
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Intensely coloured edible foams — Nano enabled solution

Encapsulating colorants in protein nanoparticles (coated with surfactants) and using these loaded particles for
creating Pickering foams. The anchoring of the particles onto the air-water interface results in accumulation of the
colorants in the foam phase.

ﬁ HY spot | det mag [] WD HFW humidity pressure temp —_—2 g ym—
> | 3.00kvV | 3.0 | ETD | 21757 x | 10.6 mm | 13.7 Hm = 6.8/e-4 Pa | --- INL
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Stabilized coloured edible foams

FDC blue coloured foam Pickering stabilized foam
stabilized by sucrose using color loaded zein
ester alone. particles as stabilizers. B-carotene

Notice the drainage of colur in the
serum phase.
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3D Printed Foods

5 GG 10% Whey

3Dmodel

15% Whey

10% Whey

5% Whey

Spirulina layers
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Shapes and flavors
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Nano food
augmenting nature

Prof. Lorenzo Pastrana
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