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Global challenges for the future of food systems

Agriculture productivity

Conservation of resources and environment
Improvement of nutrition and public health
Food security

Food Safety and Health

Sustainability

NI NI NI N NI

Addressing Food Safety challenges: Monitor and ensure that European food
safety and quality standards are applied
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Current status 26%" GHG Emissions 32%! Acidification 8178% Eutrophication

Europe 3 -
80 Mmt loss < ~ %
62 Mmt waste 4 -

.‘\‘

10.7 Food waste/loss footprint & climate change ) - '_ /

/ ~ Industrialized Asia

y \ 317 Mmt loss
' 141 Mmt wacte

According to FAO, under current circonstances, by 2050 the agri-food sector wi‘ll have to
generate 50% more food and feed to be able to meet the increased demand for food.
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South &
Southeast Asia
4.4 327 Mmt loss
2 9 28 Mmt waste
[
2.3
led for human consumption that is wasted during
® . postharvest, processing, and distribution
H (I - t is discarded by consumers
China United States Food loss India Russia
and waste
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Food and Economy

FOOD SOCIETAL COSTS RELATED TO
SPEND CONSUMPTION

CCOgOSC
https://ellenmacarthurfoundation.org/

(CULTURE AND FOOD DEVEIDPMENT AU']'HORITY



Food safety issues along a Food Chain
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‘Primary production:
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-

: Food industry :

SEESEENINERENNERNEEORNENS,

- Household :
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Antimicrobials

= antibiotics;
» sanitizers;

Antimicrobials

S

« antibiotics;

» pesticides;

« sanitizers

« disinfectants;

————————

Farmers :

£ Rl huasbanary

Oniciuc el al (2019), Current Opinion in Food Science, 30:21-26

: Food handlers :

Sessssnssssansnnnnnet

Antimicrobials

= antibiotics;
= sanitizers;

Biocides e = —-»- Food contact surfaces:

» surface-active compounds;
#loclophors; Food processin
« oxidising agents;

« halogens;

« acid-anionic surfactants;
» amphoteric surfactants;
=« others.

Preservatives with
antimicrobial activity

Consumer

fesessnsssnsssasnennssnnenneed

Antimicrobials

Decontamination
and processing
trearments

* antibiotics;
* sanitizers;

-»: End-product

R L L R LY
-

F-------------l
I = Raw produce;
I « Fish and seafood:;

= Milk and dairy products
1 * Meat and meat products.
1 = Ready-to-eat meals
: = Others
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Disruptive technologies
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Food chain

v Introducing disruptive technologies
v’ Process Analytical Technologies
v' Processing Technologies

v Reduced energy and water
consumption

v Clean and green solutions to key
challenges faced by the food industry

v Reduced human interventions

v Employ new interventions for developing
safe and healthy food products
underpinning key health, nutrition and
wellness challenges

Raw Material Quality Assessment s=s==sx« Benefits

Novel process analytical techniques Improved process efficiency
+ Infrared Imaging Rapid quality assessment

+ HyperSpectral Imaging

+ Raman Spectroscopy

2 ) Novel Disinfection Technologies ======* Benefits
el Reduced use of chemical preservatives
Cold atmospheric plasma Improved product quality, nutrition and safety

« Ozone processing
« Natural antimicrobial agents

< 3 ’ Novel Food Processing Technologies ======= Benefits

Non-thermal food processing Improved process efficiency.
g : Enhanced food quality and
* High pressure processing nutrient retention

+ Ultrasound processing
* Pulsed Electric Field
« Light based technologies

Enhanced shelf life

End product
Quality Assessment

Freezing technologies === Benefits
Application of sensometrics

Improved food quality
Reduced food waste

Reduced environmental
impact

Refrigeration/cold chain
Biosensors

Emerging technologies
Process analytical technologies
.

Benefits

Non-destructive quality
assessment

Improved process efficiency
Rapid quality assessment

Active packaging
Smart packaging
Biodegradable packaging
- Waste Valorisation &
Biotransformation

Reduced environmental

impact M -
Reduced food waste SHE : Life st triti
Consumer packaging &e\d:s‘ed environmental ife stage nutrition
interaction B

Enhanced economic

value

Novel functional and
bioactive ingredients




Microbial aspects of novel tfechnologies

Key mechanisms “--m

Pressure Electroporation Sonoporation Oxidation Heating

Vegetative cells T —r S ——— T ——
Damages to cell membrane

Inactivation of key enzymes modulating ++ Ty ++ + + "
growth of cells

Oxidative damages to cell membrane ++ ++ + +++ +++ +++ +++
constituents (peptidoglycan layers)

_—————-—
Damage tosporecoat |

Damage to spore coat
Chemical modification in spore core and + ++ + ++ + + +++

cortex

+++: key mechanism of action

++: some synergistic effects

+: based on limited scientific information 4 cagascC
—: Noft reported
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Surface Decontamination Technologies

Decontamination

Non-thermal Thermal

Chemical Phvsical Biological

Ozone
Ultrasound Natural

Organic acids extracts

Chemical Physical
(Fogging) Ultrasound

Ozone Cold plasma
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Case studies
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Applications food chain

A
Water treatment
PRODUCTION & ,ﬁ;*;s
HARVESTING "
\ Pre-harvest
N
Soil remediation
HANDLING &
CLEANING
v
DRYING
3
£73
E Tt
STORAGE R A
= &0
= <
| | |
PROCESSING
% Post-harvest
2
Safe storage of produce
FURTHER v
PROCESSING ,/“\\
| 1
'y /)
- a’

Quality of products v



Production & food storage

Data ‘A.

management | ‘.'
Air quality A
Sensors Plasma Al

Delayed spoilage of tomatoes treated with plasma (left)
compared to control (right).
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Plasma applications — prototypes
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Challenges
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Selection of technologies

Novel Technologies

Y
Vegetative cells [j[>
inactivation
/NO i \Yes\
Technological Spores
modification w“ -
required O
qui r/
Combination Yes
Process
efficiency

Commercial validation

/ Model solu’rions\

Y

Conventional and
Novel technologies

> 5 log

>

Thermal processing

High pressure processing
Pulsed electric field
Ozone applications
Ultrasonics

Up to 5 log

o

/ Liguid foods \

Light based technologies

/

-

solidfoods  \

Ozone

Cold plasma

Airborne acoustics

Light based technologies

1 - 2 log reductions

o J
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I(nown and unknowns of novel technologies

MICROBIAL SAFETY
Model solution vs food

maitrix

SHELF LIFE & QUALITY
Extends shelf life & thermal

impacts
D

NOVEL
TECHNOLOGIES

W

NUTRITIONAL ATTRIBUTES

Macromolecules vs minor
constituents

pu—CQ5ASC

AGRICULTURE AND FOOD D‘EVELOP’AMT A.UTHORITY



Sustainability evaluation

;@ J e Vuw . Greenhouse Gas Emissions
& ™ . .
o e f’;e"c Particulate Matter Formation
"' "' . . .
Sop D bs e . Freshwater Eco’roxpl’ry . - Energy consumption
iewe "< L ~«(— @ Freshwater Eutrophication

O.v
) z" p

Human Toxicity

Metal Consumption
. Water Consumption

Land Occupation

IOTMMUQO®>

- '\ > % PR Wi
o QT il

Food safety
Shelf life

3 -

Technologies

&

Health & Wellness

Nuftritional
attributes
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Conclusions
v Addressing EFSA guidelines while developing new food/feed value chains
v'Evaluation of technologies in real life scenarios (TRL >6)

v'Toxicological aspects of new interventions
v Transformation and translational approach

& 4
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Thank you for
istening
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