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Anthropocene era,
highlighting human
impact on the planet.

Current trends in food production
and consumption are causing the
ecosystems which support humanity
to collapse. But it is possible to make
the shift to a more sustainable food
system; all it needs is political will,

and science and evidence-based

action.
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— | « Significant dietary changes will be

healthy diets

« More sustainable agriculture practices

« Decreasing M

food waste III]

« More sustainable
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Health
considerations

Ethics/Animal
welfare

Environmental

sustainability

Nutrient
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Greenhouse Gas Emissions
from the Food System

Food System
17.9bnMT
34%

 +.5degree warning
Land use 33% * Protein productions accounts for 50%
‘ og GHGE from the. Food system (17%)
* Most efficient solution for achieving
1,5°C goal

Global GHG
55.6bnMT

Production 41%

The land reclaimed through alternative protein utilization can be utilized for
additional climate change mitigation, food security, and biodiversity conservation




Meat Consumption by
Country
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Meat Consumption

Developed countries Developing countries Developed countries Developing countries

per capita

121,600 203,600

to current FAO
Canada, USA, Europe, CIS, Japan, Israel, South Africa, Australia, New Zealand

*according to current FAO categories, develop
Canada, USA, Europe, CIS, Japan, Israel, South Africa, Australia, New Zealal
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Bl Alternative proteins: a need for the future?

Transformation to healthy diets by 2050 will require substantial dietary shifts. ;hingcIuQe:ha more than
oubling in the

consumption of healthy
foods such as fruits,
vegetables, legumes and
~——— nuts, and a greater than
50% reduction in global
consumption of less
i healthy foods such as
added sugars and red
meat

Health boundary
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Source: Report of the EAT-Lancet Commission



Overcoming Possibilities through Technological Development
~ Feed conversion ratio evolution of broilers from 1985 to 2025
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Animal Protein Market Projection
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Taste, cost,
good as real




Initiatives to address the Food Safety and
Regulatory framework G
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Food safety

Expert consultation on food safety hazard
identification specific to the cell-based food
production

1-4 November 2022 in Singapore

Vefsam

EUROPEAN FOOD SAFETY AUTHORITY

EFSA'’s Scientific Colloquium 27 “Cell culture-
derived foods and food ingredients”
11-12 May 2023 in Belgium




Food safety aspects of cell-based food

W) e B Sontednn ) .
g Terminologies
FOOD SAFETY ASPECTS OF
CELL-BASED FOOD
) RS ‘ ’ Production process

Regulatory framework as June 2022

. Case studies from Qatar and Singapore

Expert consultation on Hazard Identification

Food and Agriculture ({ﬁ'ﬁ \
% Organization of the M&@? 5 g\{'oral?ulélg’gl(;tn
United Nations N L g




Food safety aspects of cell-based food

Hazard identification is the first step of Risk
Assessment

» Expert consultation on food safety hazard
identification specific to the cell-based food
production
1-4 November 2022 in Singapore

» 23 experts from academic and industrial field
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Technology
cell-based

Food-properties
fermentation

standards

allergy

consummer-studies

microbiology
physiology
dairy

Economy  meat
equity processi

hygiene Risk-mitigation

inspection

plant-cells
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safety
medecine

labelling Food -S afety molecular

toxicology genetic

production

neuroscience
biopreservation

Nutrition

fish Bioengenering

plant New-food/ingredients
risk-communication
antimicrobial immunology

metabolomics

meat-quality

sustainability

Food and Agriculture
Organization of the
United Nations
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~
+ Qatar General Organizations for Standards and > [ Proposed
Metrology (acting through the Ministry of Municipality) U= standards and
+ Ministry of Public Health Proposed technical
Primary agencies *+ Gulf Cooperation Council regulations
Bg®
l.‘
Gulf Cooperation Council
“—7 Standardization Organization (GSO
2 e Standards

a
\— H P sucton

S Technical
* Ministry of Commerce and Industry
—te———p committee
section

Standards and
Metrology \ > Metrology

department section

Other relevant agencies

+ Qatar General Authority of Customs
+ Ministry of Awqaf (religious affairs)

'mmml o0 Pre-submission consultations may involve
& P regulatory consultants engaged by company

Initial engagements (for example through
Singapore Food Agency ‘s novel food virtual clinic)

Inputs and nature of final products decided A

O

*

/ Preliminary review of safety dossier \‘

if the dossier if there are deep
1S ncomplete scientific issues
Quenes and e .'. Consuftation with
clanfications from i ..‘ novel food expert
companes , E OI *" mjﬂhmg group
\ Singapore Food Agency is satisfied /
that the dossier is complete
Approval
A
Compan elcome to apply to
Companies will be allowed rai
to sell thew novel food product ¢ » Singapore Food Agency séin when
in Sin " they are able 10 shave further date to
gapor demonstrate safety
Issuance of regulatory

decision within 9-12 months
of a complete dossier




Food safety aspects of cell-based food

Production

Cell proliferation and
differentiation

Cell selection Harvesting

Cell/tissue harvesting

Food processing

Cell sourcing, isolation, and formulation

preparation and storage

Example of potential
hazards during the
production of cell-based

Transmission of Microbial * Microbial * Microbial
food E zoonotic infectious contamination contamination contamination
dizeaszes Chemical residues ¢ Chemical and + Chemical and
E Microbial & by-products biological residues biological residues
o contamination Biological residues & by products & by products
= Chemical residues & by-products * Physico-chemical * Processing
m -
N & by-products changes contaminants
= * Physico-chemical
changes
Carryover of Risk of (epilgenetic * Culture medium * Mone

cryoprotectants drift in cell lines residues
{used for cell due to constant
storage) sub-culturing

Potentially

allergenic

scaffolds or

microcarriers

\?/ Food and Agriculture
M Organization of the

United Nations

y, World Health
Organlzatlon




Main results from hazard identification

©CellX / Ning Xiang

Food hazards identified and ways to control

« Most of the hazards are well-known and exist in
conventional food

« Microbial contamination during the cell growth and
production stages mostly inhibit cell growth

« Post harvest contamination may occur but existing control
measures and good manufacturing and hygiene practices,
and Hazard ldentification and Critical Control Points
(HACCP), can ensure food safety

Importance of effective communication

 The trust can be strengthened by the proactive and transparent communication by
regulators and stakeholders' involvement

« Terminology is important to not mislead the consumer. It depends on the language of
each country




Challenges for a full risk assessment

Only few products has been commercialized

« Not scaled up production

« Few people consumed the products: niche

« Not affordable for a lot of people: cost of production
estimated up to 437,000%/kg in 2020 (Risner et al. 2020)

Not yet scaled up
Lack of (relevant) data and knowledge about production
steps for a full risk assessment including microbiological,
toxicological and nutritional aspects (+ sustainable aspects)

@Ambi Realfood/ Kamila Santos



Next steps for Risk Assessment

* Need to identify other relevant hazards in a scaled-up hypothesis ?

* Toincrease knowledge about the interaction between the hazards
and the matrix specially in a scaled-up hypothesis
* New material/technology = new contaminants, toxins ?
* New recombined product = allergenicity ? Microorganisms'
adaptation/survival/ growth? Toxicity?

» Evaluate the probability of occurrence of the hazards: Risk
assessment

» Evaluate the nutritional profile of alternative protein
> Protein digestibility? Aminoacid profile ? Antinutrients?

> Need to determine the type of data to collect
[> Active engagement of stakeholders essential

» Evaluate the toxic profile of alternative protein
> e.g. Tiered Toxicity Testing Approach by EFSA

©CellX / Ning Xiang




Bl Alternative proteins: how to assessing nutritional composition of
cell-based foods?

Integrative Risk-Benefit assessment for healthy and sustainable diet

Protein qualit
G Y Addition or supplementation of nutrients and/or

compounds could change growth characteristics and

Fatty acid composition overall nutritional composition in unanticipated ways;
Carbohvdrat iti Numerous manipulations required to generate cell-
arbonydrate composition based food should be viewed in the context of
discussing processed foods
Vitamins and minerals *
\

Others bioactive compounds @



Challenges for scale up

(=
=

Cell lines selection

Need to select lines that
will be able to growth and
differentiate after ~30-40
doublings

« |f adult stem cells -
limited expandability

« |If genetically modified
cells> consumer
acceptance?

* If pluripotent steam
cells> need long
process

Long term growth and
differentiation unexplored
Need cell banks adapted
to this type of production

Cell media

Fetal Bovine Serum is
the more efficient
media, but others exists
without FBS

« Expensive (~50% of
the operating cost in
2020) FBS is a source
of microbiological
contaminants

+ Regulatory framework
market demand, public
concerned, consumer
acceptance...

Structure of the product

If product aim to lookalike
a conventional food
commodity: need to
assembly the different cells
lines by bioprinting or
electrospinning for
example

Even if visual aspect
Imitates a conventional
food, what about the taste
and texture?

Scaffold-based and
Scaffold-free methods to
structure the product
ongoing

Engineered muscle is still
small

=

Bioprocess scale up and design

Need high-capacity bioreactors
(200k L) which is 10 times, or
more than the current used

Responses of mammalian cells
to hydrodynamic stresses and
nutrient/toxin transport
unknown

Challenges in the bioprocess in

the bioreactor:

* nutrient input throughout the
production process
(preparation and sterilization)

* equipment used (bioreactor,

scaffold, etc))

waste disposal

« control of environmental
growing conditions (heat, gas,
etc.)

» cleaning and disinfection



1.

Consider holding
stakeholder meetings
with cell-based food
developers. First-hand information will always help
in developing a good understanding of the “in-country”
situation, especially as such information may not be
readily available publicly.
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To avoid confusion in the future,
it may help to establish and use

consistent terminology that is i’
i

understandable to the public.

S. o

A review of existing national reqgulatory frameworks may
reveal that it is not needed to establish new regulations.
There will most likely be multiple units, agencies,
departments or even ministries responsible for relevant
regulatory actions. Multisectoral engagements is critical.

It may be useful to actively

listen to consumers to understand

what they want to know. TESTING

-
. i

A review of other countries’ . -
regulatory situations may be

useful to identify both good practices and lessons-learned.
Informal technical network that FAO maintains to exchange
information among regulators can further aid
in such experience sharing.

AXEHE

6.

Consider simulating possible scenarios such as,

what are the regulatory options if a cell-based food product
arrived tomorrow at the border? How could a start-up company
be supported if asked for guidance to conduct a food safety
assessment?
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Thankyou ? Questions ?

20, Avenue Appia /s W0r|d Health
2101 Gishizve Y Organization

Switzerland
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