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dell’agricoltura cellulare, promuovendo dialogo ed
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Population,
7 billion e
6 billion ’
5 billion ‘ g’
&= &=
4 billion - -
2 billion = — =
as 300 500
MILLION MILLION MILLION
o TONNES TONNES TONNES
1950 . . e . o2 .

Source: United Nations, World Population Prospects (2022)

Our World
in Data
/ World

2021

CCBY

Dati FAO
Immagine da Slowfood



Il cibo occupa spazio

Global land use for food production
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Come nutrire 10 mild di persone?

Sostenibilita

* Gas serra

* Consumo d’acqua
* Consumo terreno
e Particolato

e Eutrofizzazione

10 miliardi di persone :
Benessere animale
nel 2050




Scienza e tecnologia



Cellule

Liquido di #

L’agricoltura ol
cellulare
produce
cibo

Fermentatore | = |

Scaffold



Gli animali nascono da cellule staminali

Auto-rinnovamento

Differenziamento

Auto-rinnovamento
Differenziamento




Gli ani

Auto-rinnovamento | 2 2 X

Differenziamento | 2 X X




La carne coltivata sfrutta gli stessi processi




Crescita e maturazione



Si possono usare diversi tipi di cellule

Staminali Staminali
embrionali pluripotenti Staminali adulte Linee cellulari
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Si possono usare diversi tipi di cellule

Staminali Staminali
embrionali pluripotenti Staminali adulte Linee cellulari
(ESC) indotte (iPS) (ASQ)

Difficili da crescere e Difficili da ottenere Non longeve Difficili e costose da
differenziare e differenziare & ottenere
@)
AlephFarms®  MEATABLE Hagd &

Fibroblasti indifferenziati

Martins et al. (2024)



Il liquido di coltura contiene nutrienti

Nutriente Esempio Fonte
Carboidrati Glucosio Cereali 0 altre piantagioni g o scarti di altre
industrie alimentari '/ + processi fermentativi %«
Proteine| Amminoacidi | Processi fermentativi %
Grassi| Acidi grassi Processi chimici o fermentativi = % =
p \
Micronutrienti Sali minerali Processi chimici
Vitamine Processi chimici o fermentativi = %
Altro Fattori di Processi fermentativi %

crescita




Si usa il siero fetale bovino?

Pro Contro @

Common
practice Non scalabile \ Cellular
ﬁ\ Agriculture
Europe
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Il corpo crea condizioni ideali per crescere cellule




Il corpo crea condizioni ideali per crescere cellule

-
l 8 - 18 mesi
o\
. y Vo
E? ‘
: ~350 - 600 kg




Il bioreattore svolge alcune funzioni del corpo




Le cellule nuotano?

Crescita su microcarriers Crescita in sospensione

Spheroids

3 days 6 days

Q

C2C12

Zenov et al. (2022)

Pasitka et al. (2022)




Il bioreattore svolge alcune funzioni del corpo




L a matrice extracellulare da struttura alle cellule

- Proteine (collagene) — gel
- Microambiente stabile

- Funzioni:
Adesione
Migrazione
Proliferazione
Differenziazione \ o
Organizzazione tessuto | S i t
Wen Vi Prbtéoglycan Integrin  Fibronectin La::i.nin




Lo scaffold conferisce struttura alle cellule

-~ Vegetali @ Funghi

m Gelatina . Alghe

Dohmen et al. (2022)



Scaffold di ultima generazione

® Bio-stampanti 3D

Supporto

Kang et al. (2021) Novameat



Per ottenere prezzi competitivi si devono

abbassare i costi
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Processo produttivo di Believer Meat

Seed train Continuous praduction process
Seven days 30-40 days
i >0 = -0 s > =>a85
Ny
Cryovial Flask Rocking bag S5 bioreactor SS bioreactor with TFF Centrifuge Biomass processing
1-5 ml 051 201 500 | 5,000 L

10 bioreattori da 1 mln ton/anno di Liquido costo 13,3

5000 L cellule 0,63 USD/L

EUR/kg cellule

Linea cellulare No

immortale differenziamento No scaffold

Pasitka et al. (2024)



La carne coltivata sara carne

Proprieta organolettiche Profilo nutrizionale
e Grassi e Da ottimizzare
o Scaffold e Possibilitd di introdurre omega-3

Mark Post (Paesi Bassi) Wildtype (USA) Aleph Farms (Israele)



Il profilo nutrizionale deve essere migliorato

Table 11: UPSIDE Foods cultivated chicken and conventional chicken
(g/100g, normalized to 20 w/w% solids)

. | — * < proteine
) — Lot1 Lot 2 Lot3 ‘ Lot1 Lot 2 Lot3 e <L graSSi
AMINO ACIDS . - * 1:

Alanine 1.0 0.8 0.8 0.8 0.8 0.7 ‘ 0.7 * PrOfl I O a m I n O a CI d I CO
Arginine 11 0.9 1.2 1.2 1.2 0.9 0.9 * Min era I i
Aspartic Acid, Asparagine 1.6 1.3 1.6 1.5 1.6 1.2 13 R R
Cysteine 0.2 0.2 0.2 ¢ VI t a m I n e
Glutamic Acid, Glutamine 2.6 1.7 1.6
Glycine 0.8 0.7 0.9 0.9 1.0 0.8 0.7
Histidine 0.6 0.4 0.5 0.4 0.5 0.4 0.4 0.5
Isoleucine 0.9 0.7 0.8 0.8 0.7 0.6 0.5 0.5
Leucine 1.4 1.1 1.2 1.2 1.2 1.0 1.0
Lysine 1.5 1.2 1.0 11 1.0 0.9 0.9
Methionine 0.5 0.4 0.4 0.4 0.4 0.3 0.3 -
Phenylalanine 0.7 i | 0.6 0.5 0.6
Proline 0.7 0.7 0.6 0.6
Serine 0.6 0.6 0.5 0.6
Threonine 0.8 0.6 0.5 0.6

tophan 0.2 0.2 5 0.2
:::si:e - _ , 05 :: g 2022 State of the Industry Report |
Valine 0.9 0.7 1.0 0.9 0.9 0.7 0.6 o7 Cultivated meat and seafood
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Figure 5. Examples of potential food safety hazards and concerns at different phases of cell-based

food production

Cell selection Production
Cell sourcing, isolation, Cell proliferation and

preparation and storage differentiation

Harvesting
Celltizsue harvesting

Food processing
and formulation

* Transmission of * Microdial
c zoonotic infectious contaminatian
E dissases * [Chemical residues
= = Micrabial & by-products
o contamination * Biological residues
E * Chemical residues £ by-products
] & by-products
=
= Carryover of = Risk of {epijgenstic
cryoprotectants drift in cell lines
(used for cell dus to constant
storage) sub-culturing
* Potentially
allergenic
scaffolds or
microCariers

* Microbial
contaminaticn

= Chemical and
biological residues
& by products

+ Physico-chemical
changes

= Cutture medium
residues

* Micrabial
cantamination

= Chemical and
bialogical residues
& by products

* Processing
contaminants

* Physico-chemical
changes

= Mone

Source: Authors own elaboration

Based on the literature review, the majority of the potential food safety hazards in the cell-based food production
process, such as microbiological contamination and residue issues, are not new. For such common food safety
hazards, there are many risk-mitigating tools available, such as good hygiene, manufacturing, cell-culture, and
hazard analysiz and critical control points practices (HACCF), as well as the general principles and methodologies
for the end-product whale food safety assessment (FAQ, 2009). Thus, it is important 1o learn from vanous past
experiences and consider an effective application of the risk analysis paradigm (Ong et al, 2021). In adopting several
established safety assessment methodologies and detection methods from a range of disciplinary fields, such as
pharmaceuticals and food biotechnologies including both conventional and modern technologies, various hazards
can be systematically identified, and relevant safety assessments can be appropriately conducted. It is important
that these methodologies are also validated for the new matrices that are presented by the cell-based food products

... lamaggior parte dei

potenziali pericoli per la

sicurezza alimentare nel
processo di produzione di cibi
a base cellulare [... ] non sono

nuovi. Per tali comuni rischi
legati alla sicurezza

alimentare, esistono gia molti

strumenti atti a mitigarli.



4.2.1. Potential hazards during cell-sourcing

Table 5. Hazards identified by the Technical Panel for the cell sourcing stage

Potential Potential Similar
description / type(s)® | mitigation testing
consequence to control control

Production | Hazard Problem Hazard
step(s)® agent

53 potenziali rischi per la salute
del consumatore,
che sono gia riscontrati in altri
tipi di produzione alimentare

Cell sourcing Veterinary dri
(biopsy step) (including
antimicrobial

which include
allergenicity to
antimicrobials

aquaculture

presence of the
hazard in other

Causal
chain
examples

The drug is present in the
sampled tissue and the cells
brought into culture > the

cell culture is not disrupted
>the drug is not degraded

or washed away, and the drug
goes undetected throughout
the cell sourcing, production
and harvesting, and food
processing stages > the

drug survives food preparation
>the drug reaches the final
product at a concentration
that exceeds a minimum
residue level or tolerable



4.4, Concerns not included in the scope of hazard identification

During the process of identifying the hazards and discussing the respective sequence of events that would need to
occur to result in harm to consumers in each case, the Technical Panel noted that there are additional issues that
people may encounter in popular press and social media alleging certain concerns in connection with the cell-based
food production process and its potential products. Given the attention they have received, these concerns have been
considered by the Technical Panel, even if it was not possible to describe a sequence of events consistent with the
current understanding of relevant science that could result in harm to consumers,

One purported concern involves the potential survival of cells after consumption. In the process of cell-based food
production, living cells are used as source material and propagated to large numbers to eventually form a product.
The possibility was considered that living cells with the capability of extended or immortalized replication could enter
the body and survive, leading to harm through some type of tumour formation.

The probability of even one of these events is extremely low, and their occurrence is not consistent with current
scientific understanding. Isolated animal cells, unlike single bacteria or yeast cells, do not have adaptations that
protect them from the external environment or allow them to survive without the support of the organism; this
consideration is a significant factor in the technical challenges of building bioreactors. More over, based on the current
understanding of the relevant science, the capability for extended or sustained cell replication in the environment
of the bioreactor does not confer any increased capacity for cell survival outside the controlled environment of
the bioreactor. Neither does it convey capabilities that would be useful for establishing residence in tissues, such
as immune evasion or tissue invasion. Furthermore, current scientific knowledge does not support the plausibility
of human cancer contagion via introduction of cells even from other humans.
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The International Journal of Life Cycle Assessment (2023) 28:234-254
https://doi.org/10.1007/s11367-022-02128-8

LCA FOR ENERGY SYSTEMS AND FOOD PRODUCTS ,.)

Check for
updates

Ex-ante life cycle assessment of commercial-scale cultivated meat
productionin 2030

Pelle Sinke'© . Elliot Swartz? - Hermes Sanctorum? - Coen van der Giesen' - Ingrid Odegard’

* 15 aziende del settore

 Previsione dati
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Produzione di gas serra

CM Chicken Pork Beef

(dairy
cattle)

v ™ () e

Consumo acqua

Beef
(beef
cattle)

CM

Beef
(beef
cattle)

Beef
(dairy

Chicken Pork

cattle)

v - ()

| a carne coltivata

potrebbe:

produrre meno gas serra di

suino e bovino (-92%)

utilizzare meno terreno di
pollo, suino e bovino (-90%)

consumare acqua come

pollo e suino, ma meno di

bovino (-64%)

produrre meno particolato
di pollo, suino e bovino (-

99%)

Sinke et al. (2023)
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Consumo terreno

CM Chicken Beef

(dairy

Pork

~ 0.04 1

cattle)

v ™ () ¥

Produzione particolato

Chicken Beef

(dairy
cattle)

Beef
(beef
cattle)




La carne coltivata potrebbe essere piu
efficiente dell’allevamento intensivo

The International Journal of Life Cycle Assessment

Table 3 Feed conversion ratio (FCR) of the ambitious benchmarks, dm in:fresh meat out

Resource type Deseriplion Cultivated meat Chicken® Pork®™ Beel (dairy catile)® Beel (beel catile)®
Biotic Primary feed 0.3 1.5 31 a7 4.6
By-product feed 0.2 1.3 1.5 2.1 1.1
Cirass 1.5 il
Mineral Salts and other 0.2
Total biotic + mineral (incl. grass) 1.3 28 4.6 13.4 373
Total biotic + mineral (excl. grass) 1.3 28 4.6 58 57
Total biotic {excl. grass) 1.0 28 4.6 58 57

“Intensive, Western European production
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Sviluppo

Alcune multinazionali stanno investendo in carne coltivata, sostenendo
le diverse start-up (aziende di piccole dimensioni) del settore...
ma non solo!
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Stime di mercato inattendibili

Hlow MBase HHigh $0B $200B $400B $600B
2025 McKinsey $0B  $18  $2B @
T
Bryan, Garnier & Co (Meat) $12B $69B @
Bryan, Garnier & Co (Seafood)  $5B $19B
A.T. Kearney $1408
McKinsey $5B $20B $25B @D

A.T. Kearney $352B

Barclays $4508
A.T. Kearney $630B
Euromonitor” $2308B

2050 Brvan, Garnier & Co (Meat) $122B $3678B

Bryan, Garnier & Co (Seafood) $31B $124B @ ®




Quali sono i pericoli?



Quali sono i pericoli della carne coltivata?

. P Rivoluzione Scontro con
Monopolio Sostenibilita : :
alimentare allevatori

e I[nvestimenti e Necesssita di e Proteine e MacMillan et
pubblici studi complementari al. (2024)
indipendenti e Mercato in e Possibilita di

espansione collaborazioni


https://www.rau.ac.uk/sites/default/files/2024-07/Culture%20Clash%20-%20What%20cultured%20meat%20could%20mean%20for%20UK%20farming_0.pdf
https://www.rau.ac.uk/sites/default/files/2024-07/Culture%20Clash%20-%20What%20cultured%20meat%20could%20mean%20for%20UK%20farming_0.pdf

La tecnologia non e pronta

Sistema dimostrato in un ambiente operativo
Sistema completo e qualificato

Dimostrazione del prototipo in un ambiente operativo

Dimostrazione della tecnologia in un settore rilevante

T
e
T
s

T s

Validazione della tecnologia in un settore rilevante

Validazione della tecnologia in laboratorio

.

Dimostrazione della prova del concetto

2 Formulazione del concetto tecnologico

1 Osservatii principi di base




La tecnologia non e pronta

Precommerical Commerical
o Lab Proof of Demonstration Industrial Scale

Generating
market samples
and key process
engineering
understanding

Transitioning
to facilities
producing first

wave of salable

products

Recognizing
the possibility
of generating

meat from tissue

culture

Manufacturing
cultivated meat
products at an
industrial scale

Developing
bench-scale
prototypes of
cultivated meat

Time: To 2013 2013-2019 2019-2022 2022-2024 ?
Scale: N/A N/A @ Hundreds of @ Thousands of @ Millions of
metric tons metric tons metric tons

Leading edge of the industry



C’e piu hype che tecnologia

The Gartner Hype Cycle

VISIBILITA’

4

Dec 2021 . . .
Picco di aspettative sopravvalutate

La carne coltivata e qui
Plateau di produttivita

lluminazione

Disillusione
Scintilla tecnologica TEMPO




Conclusioni: la tecnologia ha potenziale

s | ccnologia in via di sviluppo

e Produzione
e Sostenibilita

Scalabilita e regolamentazione da risolvere

* Integrazione con societa

Necessita di investimenti pubblici
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