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Food systems affect health in many 
ways. For example, worldwide
690 million people are hungry, 2 
billion people have micronutrient
deficiencies and there are 677.6 
million adults with obesity; each 
year zoonoses are responsible for 
2.5 billion cases of human illness 
and 2.7 million human deaths 
worldwide; at least 700 000 people 
die due to drug-resistant diseases,
600 million cases of foodborne 
illnesses; 44% of farmers are 
poisoned by pesticides; and at least 
170 000 agricultural workers are 
killed.
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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 

necessary to transition to sustainable  

healthy diets

• More sustainable agriculture practices

• Decreasing

 food waste

• More sustainable

farming practices

• Circular 

economy

• meat produced in bioreactors

• Insects

• Microalgae

Plant based
food 
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Greenhouse Gas Emissions
from the Food System

• +.5 degree warning
• Protein productions accounts for 50% 

og GHGE from the. Food system (17%)
• Most efficient solution for achieving 

1,5°C goal

The land reclaimed through alternative protein utilization can be utilized for 

additional climate change mitigation, food security, and biodiversity conservation
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Meat Consumption by 
Country
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Alternative proteins: a need for the future? 

Transformation to healthy diets by 2050 will require substantial dietary shifts. This includes a more than 
doubling in the 
consumption of healthy 
foods such as fruits, 
vegetables, legumes and 
nuts, and a greater than 
50% reduction in global 
consumption of less 
healthy foods such as 
added sugars and red 
meat

Source: Report of the EAT-Lancet Commission
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Food 
from lab?

Halal?
Safe to 

eat?
Taste, cost, 

good as real 
meat?

Farmers 
job?
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Initiatives to address the Food Safety and 
Regulatory framework

Food safety

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

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



13Food safety aspects of cell-based food

Terminologies 

Production process 

Regulatory framework as June 2022

Case studies from Qatar and Singapore 

Expert consultation on Hazard Identification
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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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Example of potential 
hazards during the 
production of cell-based 
food
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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 Identification 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

©CellX / Ning Xiang
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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
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©CellX / Ning Xiang• Need to identify other relevant hazards in a scaled-up hypothesis ?

• To increase 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
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Alternative proteins: how to assessing nutritional composition of 
cell-based foods?

Integrative Risk-Benefit assessment for healthy and sustainable diet 

Addition or supplementation of nutrients and/or 
compounds could change growth characteristics and 

overall nutritional composition in unanticipated ways;

Numerous manipulations required to generate cell-
based food should be viewed in the context of 

discussing processed foods

Protein quality

Fatty acid composition

Carbohydrate composition

Vitamins and minerals

Others bioactive compounds
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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 

Cell lines selection

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

• If 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

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

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



22



Thank you                                ? Questions ?

WHO

20, Avenue Appia 
1211 Geneva

Switzerland
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