
Cultured Meat – a realistic proposition?
Dr Marianne Ellis PhD, CEng, MIChemE

Senior Lecturer in Biochemical Engineering
Department of Chemical Engineering

The University of Bath, UK
M.J.Ellis@bath.ac.uk

mailto:dom@liv.ac.uk


Overview

• What is cultured meat?

– A brief history

• Why bother?

– Motivations for cultured meat

• Yuck! 

– ‘Consumer’ research

• How to produce cultured meat

– The scientific challenge

– The engineering challenge



Cultured meat is meat produced in vitro, in 
a cell culture, rather than from an animal 

– New Harvest 





“Fifty years hence, 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.” - Winston Churchill in 1931











The future?



Motivations for cultured meat
• Meat consumption predicted to double in the next 40 years

• Health problems due to over-consumption of meat

• Animal welfare due to farming intensification

• Currently 30% of (ice-free) land is used for raising 

livestock for meat

• ~18% of greenhouse gases from the livestock (~39% of 

methane, ~65% nitrous oxide)

• Beliefs and ethical standpoints versus choice and desires

• Defined intake

• Diversification is resilience

Post 2012; Tuomisto & de Mattos 2011

New Harvest





“Intensive farming produces such a large 
number of animals at such a fast pace that 

livestock farming is no longer part of a 
holistic approach to farming”

From ‘How meat contributes to global warming’ in Scientific American (2009)





"It's a disaster for athletes as the 

prohibited substance in over 52 per cent of 

the meat products in Beijing has exceeded the 

drug test standard."

http://www.telegraph.co.uk 02 Mar 2012



Source: U.S. Energy Information Administration Annual Energy Review 2011, UN FAO



‘Consumer’ research
“Barrier perception has double the effect 

compared to motive perception” Wim Verbeke – U. Ghent

• Not real

• No trust

• Not natural





‘Consumer’ research
“Barrier perception has double the effect 

compared to motive perception” Wim Verbeke – U. Ghent

• Not real

• No trust

• Not natural

Versus

• Welfare

• Security

• Environment 

‘Willingness to accept’ decreases by 

30% per 10 years of age increase



Producing cultured meat



The scientific challenge
(i) blood supply



Swift et al. Science, 2013 Baker & Chen J Cell Sci. 2012

The scientific challenge 
(ii) stem cells to muscle cells



“After years of stem-cell cookery, University of Maastricht researcher Mark Post [served] 
up a $320,000 hamburger made from meat grown in a culture dish.
The tasting [was] conducted in front of an invited audience in London on Aug. 5”, Ogilvy 

Public Relations on NewHarvest.org (2013)

The Solution



The Solution => The engineering 
challenge 

problem with the

“After years of stem-cell cookery, University of Maastricht researcher Mark Post [served] 
up a $320,000 hamburger made from meat grown in a culture dish.
The tasting [was] conducted in front of an invited audience in London on Aug. 5”, Ogilvy 

Public Relations on NewHarvest.org (2013)



public.iastate.edu/~jnespor
uptodate.com

Biochemical Engineering Solutions



Yong-wei et al (2008) Chinese Medical Journal
Image: Howard Sochurek/CORBIS www.tovima.gr

Cost & Regulation

www.newharvest.org
www010.upp.so-net.ne.jp/r-ogawa/en/







Bioreactor culture
• Less Space

• Less Time

• Less Manual processing

• More in vivo-like environment



Periportal-
like region

Centrilobular
-like region

Plasma-like
compartment

Bile-like
compartment

A hollow fibre bioreactor

Liver Sinusoid

Replicating an hepatic sinusoid

Williams et al. Toxicology Research 2013, vol 2 issue 1 pp 40-59

~ 1 x 106 cells



Long-term aim

~500ml

~ 1 x 109 cells

Pilot-scale project

~50ml

Bone Regeneration



Treg Cell Therapy

+

+

Schmitt et al. 2013

Per patient:

2.5 x 109 cells

Two weeks of culture 



Per burger:

1.5 x 1010 cells

Three weeks of culture 

www.newharvest.org

Say this was a 100g burger 

Average global meat consumption is 39kg
UNFAO Published by Daily charts from The Economist (2012)

If we only ate burgers:

5.6 x 1012 cells

Five weeks

https://www.scribd.com/EconomistDailychart


For 12kg of protein from cultured meat

• Based on the following

– 31% dry weight of the muscle cells are protein

– Cells double in number every two days

– 80% to 95% viability

– starting population of 1 million cells

• This would require 2 x 1013 cells

• And would take 44 or 27 days



Media 
change

Mixing 
/shear

Tissue 
development

Culture dimensions Reactor size 
needed to 
grow a 
functional 
unit*

Reactor 
size needed 
to grow an 
organ**

Tissue 
culture 
flask

Batch Poorly mixed 

No shear

Diffusion

2D sheet ^290 cm2/L

^1 x 105 cell/ml

1-10 ml 10-1000 L

Agitated 
vessels
(CSTR)

Batch or 
continuous 

Well mixed

Shear

Convection 

2D or 3D ^2,800 cm2/L

^5 x 105 cell/ml

0.2-2 ml 2-200 L

Packed 
beds 

Continuous 
feed 
(perfusion)

Well mixed

Shear
Convection

3D ^18,000 cm2/L

^2.5 x 106 cell/ml

40-400 ml 0.4-40 L

Fluidised 
bed

Continuous 
feed 
(perfusion)

Well mixed
Shear
Convection

3D 25,000-70,000 cm2/L 

^5-6 x 106 cell/ml

20-200 ml 0.2-20 L

Membrane 
bioreactors

Continuous 
feed

Well mixed

Shear

convection 
and diffusion

3D 100,000-200,000 cm2/L

^2 x 108 cell/ml

0. 5-5 ml 0.005-0.5 L

^Scragg 1991

*A typical functional subunit contains 102-103 cells (Palsson 2001)

**A typical organ contains a few hundred million subunits or 109-1011 cells (Palsson 2001)

Adapted from: Ellis M, Jarman-Smith M, Chaudhuri JB. 2005. In: Chaudhuri JB, Al-Rubeai M, editors. Bioreactors for tissue 
engineering. Amsterdam: Kluwer Academic Publishers. p 1-18.

1Brunstein, C.G. et al. Blood 117.(2011) 

The Bioreactor



• CSTR

– 1

• FBB

– 0.3

Bioreactor Energy Requirements for 12kg protein

 HFB

 0.01

Media pumping

Sensible heat (initial heating)

Heat loss to surroundings from bioreactor

Heat loss to surroundings from media vessel

Heat of reaction

Mixing
Aeration

Typical maximum size vessels

In collaboration with Hanna Tuomisto

Manuscript in preparation for International Journal of LCA

These differ due to size which is a based on cells per unit volume



• Cultured meat will become an alternative food source

• There are challenges with

– reproducing the meat structure

– making an affordable product

– consumer, and potential producer, perception

• Production has begun in the USA and the Netherlands

• There is an opportunity to 

– help meet global environmental and health needs

– become world leaders in a new food product

M.j.ellis@bath.ac.uk

Isha Datar, New Harvest CEO: isha@new-harvest.org

Conclusions
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