
Introduction to cultivated meat



“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 , 1931



Motivation
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Anomaly J, Public Health Ethics, 2015
Greger, Crit. Rev. Microbiol., 2007
Mead PS et al. Emerg Infect Dis, 1999
CDC Estimates of Foodborne Illness in the United States: CDC 2011 Estimates: Findings

Food safety

Annually in the US: 76 million cases of foodborne illnesses, 325 thousand 
hospitalizations, 5,000 deaths, a third of which is attributed to meat.

WHO: “Of all human diseases, 60% originate in animals”



Motivation
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Food safety

Antibiotic Resistance

US: 70% of the antibiotics is used for animal agriculture.

$2.9 trillion annually to the OECD countries by 2050

Kill more than cancer by 2050

Avesar et al, PNAS (2017)
Chen et al, Morb. Mortal. Wkly. Rep (2017)
Tang et al, Lancet Planet Health (2017)
Nguyen et al, Appl. Environ. Microbiol. (2016)
Friedman et al, Clin. Microbiol. Infect (2016)
Elliott et al , CGD Policy Paper (2015)
O’Neill, Rev. Antimicrob. Resist (2014)
Kümmerer et al, J. Antimicrob. Chemother. (2003)
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Food safety

Antibiotic Resistance

US: 70% of the antibiotics is used for animal agriculture.

$2.9 trillion annually to the OECD countries by 2050

Kill more than cancer by 2050

Chen et al, Morb. Mortal. Wkly. Rep (2017)
Reardon, Nature News (2017)
Monte et al, Antimicrob. Agents Chemother (2017)
Nguyen et al, Appl. Environ. Microbiol (2016)



Motivation

Food safety

Antibiotic Resistance

Environmental impact
14.5% of GHG emissions

UN:

78% for terrestrial biodiversity loss

80% soil acidification and air pollution

73% for water pollution
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Gerber et al, FAO (2013)
et al, Environ. Res. Lett. (2015)



Motivation

Food safety

Antibiotic Resistance

Environmental impact

Resource use
15,000 liters of water for 1 kg of beef

40% of arable lands is used for meat production.

By 2,050 meat demand will double

Parodi et al, Nature sustainability (2018)
Steinfeld et al, FAO (2006)
Jacobson et al, Center for Science in the 
Public Interest (2006)

5
%

5
5
%

Animal 

Agriculture
Domestic

use

W
a
te

r 
c
o
n
su

m
p
ti

o
n



Motivation
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Food safety

Antibiotic Resistance

Environmental impact

Resource use

Animal welfare
150 billion animals are slaughtered annually for meat.

Herzog, Psychol. Today. (2016)
Schröder and McEachern, Int. J. Consum. Stud (2004)
Verbeke and Viaene, . J. Agric. Environ. Ethics (2000)
Hopkins and Dacey, J. Agric. Environ. Ethics (2008)
Sharma et al, J. Food Sci. Technol. (2015)
van der Weele and Driessen, Animals (Basel) (2013)
FAO (2003)



Solutions 
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Plant-based meat Cultivated meat



The global plant-based meat market is projected to reach 
at least $100b if not $370b by 2035

gfi.org | Page 11Source: Business Times (May 2019); J.P. Morgan (May 2019); A.T. Kearney (May 2019); Grizzle (May 2019); UBS (July 2019)

U.S. plant-based meat market projections

Source Projected 
market size

By 
year

Projected share of U.S. 
meat market

Grizzle $34b 2030 10%

Bernstein $41b 2030 12%

Global plant-based meat market projections

Source Projected 
market size

By 
year

Projected share of 
global meat market

UBS $85b 2030 6%

J.P. Morgan $100b 2035 7%

A.T. Kearney $370b 2035 23%

https://www.businesstimes.com.sg/consumer/beyond-meat-bulls-are-undaunted-as-bears-pile-on-after-surge
https://www.atkearney.de/pressecenter/article/?/a/a-t-kearney-studie-zur-zukunft-des-fleischmarkts-bis-2040
https://grizzle.com/beyond-meat-bynd-juicy-multi-bagger/
https://www.ubs.com/global/en/wealth-management/chief-investment-office/our-research/article-display-adp/global/en/wealth-management/chief-investment-office/latest-views/house-view-daily/2019/latest-17072019.html




Funding

Supporting

Creating www.newprotein.org



Cultivated meat



Cultivated meat (CM)
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Cultured meat

בשר מתורבת

Cell-based meat

בשר תאים
AKA



Cultivated meat prototypes
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Cultivated meat overview
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biopsy

Cell 
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Tissue 
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Food
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Adapted from Scientific American



Aleph Farms

Future Meat Technologies

Supermeat

MeaTech

Mosa Meat

Memphis Meats (Upside Foods)

Current companies (>70)

gfi.org | Page 18Source: State of the Industry Report on Cultivated Meat, GFI, 2019
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Cost

Medical grade techniques & biomaterials

Cell medium

Small scale production



What is meat?

gfi.org | Page 22Ben-Arye et al, Front. Sustain. Food Syst. (2019)

capillary

Skeletal muscle tissue

80%-90% muscle fibers

5%-10% connective tissue

5%-10% fat

0.3% blood

CM should recapitulate the main components of skeletal muscle tissues



Questions?



research

Tissue 

Engineering

Food

engineering
Bioprocess



Tissue Engineering
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Cell culture

Farm-animal cells

Cell of origin choice

Culture conditions



Tissue Engineering
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Cell culture

Cell maturation



500µm

Muscle cells, grown in a dish

Problem: inefficient; not scalable.



Tissue Engineering

gfi.org | Page 28Lesman et al, Biomaterials (2011), Baker et al, Journal of Cell Science (2012)

Cell culture

Cell maturation

Scaffolds

Mechanical strength

Biological environment

Protein gel
Synthetic

Scaffold

3D tissue engineering

environment





500µm







Tissue Engineering
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Cell culture

Cell maturation

Scaffolds

Muscle tissue - Not just muscle cells

Adipose cells (fat)

Supporting cells (produce ECM)

Perry et al, Mol Ther. (2017)



Meat has complex cell-cell interactions

gfi.org | Page 34Ben-Arye et al, Front. Sustain. Food Syst. (2019)

Cell co-culture is imperative for CM to resemble native muscle tissue



Food Engineering
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Edible ingredients



Food Engineering
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Edible ingredients

Meat analysis

Texture

Flavor

Nutritional value



Food Engineering
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Edible ingredients

Meat analysis

Fat, moisture, protein, collagen and salt.

Ash, starch, pH, carbohydrates, etc



Food Engineering
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Edible ingredients

Meat analysis

Food Regulations



Food Engineering
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Edible ingredients

Meat analysis

Food Regulations

Additives & Product design



Bioprocess
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Bioreactors

Automation

GMP



Cultivated Meat Production at Scale
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SAMPLE

A small sample of cells is 
obtained from an animal. 

CELL STARTER CULTURE

Phase 2: 
Tissue Maturation

Phase 1: 
Cell proliferation

Medium Recycling

The cells are added to a 
bioreactor along with 
cell culture media, which 
causes the cells to 
proliferate.

Scaffolding

Final Product

CELLS AT MATURATION
Primarily muscle, fat, and 
connective tissue.

Fat 
Cell

Muscle 
Cell

Fibroblast 
Cell

A change in culture 
conditions pushes the 
cells to differentiate into 
muscle, fat, and 
connective tissue.



Novel meat products
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FatMuscle



Longer shelf life, decreased foodborne illness
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● Cultivated meat production is sterile and antibiotic-free
● Potential for decreased foodborne illness
● Potential for longer shelf life
● Impact on transportation, distribution, and environmental footprint

“left at room temperature the conventional meats 
were completely spoiled in less than 48 hours; after 
four days, the lab-grown meats had barely 
decomposed because there was no trace of bacteria”

-Uma Valeti of Memphis Meats describing initial testing
https://newrepublic.com/article/154269/meat-moguls-case-lab-grown-beef

https://newrepublic.com/article/154269/meat-moguls-case-lab-grown-beef


Questions?


