
Cultured meat production: insights
from a tissue engineering perspective

Prof. dr. ir. Lieven Thorrez
Tissue  Engineering Lab

Dept. Development and Regeneration
KU Leuven, Belgium



Very short history of cultured meat
(mainstream version)

“We shall escape the absurdity of growing a whole chicken in order to eat the
breast or wing; by growing these parts separately under a suitable medium”

1932

2013

Prof. Mark Post

2016     Fast expansion with many startup companies



In vitro model for stretch-induced hypertrophy of skeletal muscle, Science 1979

Protein degradation in embryonic skeletal muscle. 
Effect of medium, cell type, inhibitors, and passive stretch, J Biol Chem 1980

Maintenance of highly contractile tissue-cultured avian skeletal myotubes in collagen gel
In Vitro Cell Dev Biol 1988

Prof. Herman Vandenburgh

1980ies

Very short history of cultured meat
(science version)

Slides from Prof. em. Herman Vandenburgh



2000s

History



Next to many others claiming to produce pet foods, scaffold materials, culture media, …

Currently only GOOD Meat has a product “on the market”

About $3 billion of total investment

http://protein.ketmaps.com/



Definition

Strict sense: Biological tissue (often muscle) -created in the lab or an 
industry setting, without killing an animal - that is exactly the same as 
the tissue in an animal

Broad sense: creation of a meat-like product, using animal cells as part 
of the ingredients,  “hybrids” 
(but: challenges for definitions)



The first “hamburger”

Prof. Mark Post  €250000 burger 

Kupferschmidt K. Food science. Lab burger adds 
sizzle to bid for research funds. Science, 2013.

De Standaard Oktober 
2016



Challenges
Obtaining cells

Cell culture media: composition and cost

Scaffolds – extracellular matrix

Bioreactors upscaling of cell expansion
creation of larger pieces

Maturation

Thorrez L. and Vandenburgh H. 
Challenges in the quest for ‘clean meat’. 
Nature Biotechnology 2019.

Commentaires du présentateur
Commentaires de présentation
Cell culture media 
HYPE: “ Clean culture media for clean meat: We did it ! Our R&D team managed to develop a 3-product portfolio for myosatellite cells”
REALITY: ” Cells stop growing after 4 to 5 passages. The growth rate is 15% to 20% of what I have observed from FB containing medium. ” (personal communication, 10/2019)




Cell source



Cell expansion
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2 passages or ~ 4 PD

6 passages or ~ 16 PD

- Increased doubling time
- Increased cell size
- Reduced function (myotube formation)

P – passage
PD – population doubling

11

Properties of expanded bovine myoblasts

Maria Olenic Retaining myogenic capacity during myoblast expansion: 
another challenge for cultured meat production
- 8th International Scientific Conference on Cultured Meat - 10.10.2022

Use of pluripotent stem cells  genetically engineered for differentiation



Cell culture media

“ Clean culture media for clean meat: We did it ! Our R&D team managed to develop a 3-product 
portfolio for myosatellite cells”

However:

” Cells stop growing after 4 to 5 passages. The growth rate is 15% to 20% of what I have 
observed from FB containing medium. ” (personal communication, 10/2019)

Liquid with glucose, amino acids, salts, vitamins,…
Basal + serum (replacement) : amount -- COST !!!

Note: cows convert waste streams -> human nutrition. Not clear if waste streams can
be used for cultured meat



Bioreactors: cell expansion

Terzake docu Kweekvlees 
(26/12/2018)



Scaffold materials - structuring
Biomedical applications: collagen & fibrin
Hydrogels   versus   more stiff matrices
Food-grade materials

Tools for 
structuring

500 um Ben-arye et al 2020

a bunch of cells ≠ muscle

≠



Verbeek et al. (2020) PLOS ONE

Muscle development (Romero et al. Handb. Clin. Neurol 2013) :
10 -13 weeks of gestation:  fusion of myoblasts generates primary myotubes with central nuclei
15-18 weeks of gestation: myotubes become myofibers with peripheral nuclei

Pre-birth longitudinal muscle histology:
https://embryology.med.unsw.edu.au/

Tissue maturation

Ben-arye et al. 2020



Tissue maturation

embryonic

mature

time Image credit: 
J. Snaet



Other cel types, organization ?

Connective tissue structure ? 
Fat composition, distribution? 



Company 
name

Marketing story



Nutritional value, safety, sustainability

Farm-raised meat also provides essential minerals, creatine, carnosine 
and vitamins B and D

Post-mortem processes

Perhaps everything can be added to the medium, 
but then why not consume the medium directly ?

How do we define meat ?

-> Novel foods require novel assessment methods

Fraeye I, Kratka M, Vandenburgh H, Thorrez L (2020). Sensorial and Nutritional Aspects of Cultured Meat in 
Comparison to Traditional Meat : Much to Be Inferred. Frontiers in Nutrition 7: 35. 



Chicken nuggets ?



Upscaling
“the plant will initially have the capacity to 
make tens of thousands of cultivated 
burgers a year from 1,000-liter bioreactors.”

 50000 burgers of 150g/burger 
 = 7500 kg output annually
 = amount of meat from 25 cows  

"Cellular agriculture": current gaps between facts and claims regarding 
"cell-based meat“
P. Wood , L. Thorrez , J-F. Hocquette , D. Troy , M. Gagaoua. Anim. Front. 
2023.  13(2):68-74.

What we don’t know:
What inputs go into the facility ? 
What energy consumption ? 
How many highly trained people are needed ? 
What amount and kind of waste streams are generated ?
Are antibiotics needed ?
What is the total operational cost ?



Policy influence



cost?

environment?
healthy?

upscaling?

Conclusions

Independent academic research is highly needed 
to discriminate facts from wishful thinking and to guide policy

Many questions remain

≠

tissue structure?

Olenic & Thorrez. Cultured meat production: what we know, what we don’t know and what we should know.
Italian journal of animal science 2023.
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