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
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Motivation

»  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”

Anomaly J, Public Health Ethics, 2015
Greger, Crit. Rev. Microbiol., 2007
Mead PS et al. Emerg Infect Dis, 1999

CDC Estimates of Foodborne lliness in the United States: CDC 2011 Estimates: Findings gfi.org | Page 4



Motivation

»  Food safety

»  Antibiotic Resistance
P 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 o hamar
70%

are consumed by animals

AMR in 2050
10 million

Avesar et al, PNAS (2017) Road ratfc
Chen et al, Morb. Mortal. Wkly. Rep (2017) B
Tang et al, Lancet Planet Health (2017)

Nguyen et al, Appl. Environ. Microbiol. (2016)

Friedman et al, Clin. Microbiol. Infect (2016) 130000
Elliott et al , CGD Policy Paper (2015)

O’Neill, Rev. Antimicrob. Resist (2014) . L]
Kiimmerer et al, J. Antimicrob. Chemother. (2003)

Review on
Antimicrobial
Resistance




Motivation

»  Food safety

»  Antibiotic Resistance
P 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 Fisdishars bo ladsiaiibist el bt

than anticipated

Emergence of colistin resistance in farm animals around the world takes researchers by

surprise.
Sara Reardon
12 June 2017

AOERCR =

Woman dies from infection
resistant to all available
antibiotics

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:

P 78% for terrestrial biodiversity loss

15%
12%

9%
»  80% soil acidification and air pollution

»  73% for water pollution 6%

% GHG emissions

3%

0%

Animal
Agriculture

Transportation

etal, FAO (2013)



Motivation
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Resource use
4 15,000 liters of water for 1 kg of beef
»  40% of arable lands is used for meat production.
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Motivation

Food safety
Antibiotic Resistance
Environmental impact

Resource use
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Animal welfare

» 150 billion animals are slaughtered annually for meat.

Herzog, Psychol. Today. (2016)

Schréder 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) gfi.org | Page 9



Solutions

Cultivated meat
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The global plant-based meat market is projected to reach
at least S100b if not $S370b by 2035

U.S. plant-based meat market projections

Projected By Projected share of U.S.
market size year meat market
Grizzle $34b 2030 10%

Bernstein S41b 2030 12%

Global plant-based meat market projections

Sl Projected By Projected share of
market size year global meat market

S$85b 2030 6% _
J.P. Morgan $100b 2035 7%
A.T. Kearney $370b 2035 23%

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



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

THE NEW MEAT LANDSCAPE
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Cultivated meat



Cultivated meat (CM)

Cultured meat AKA Cell-based meat

natinn wa O'RN Y2
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Cultivated meat prototypes
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Cultivated meat overview

Tissue
maturation

Cell ﬁgg) :

isolation

Cell

expansion

Adapted from Scientific American



Current companies (>70)

Aleph Farms

Future Meat Technologies
Supermeat

MeaTech

Mosa Meat

] (IRlaly

Memphis Meats (Upside Foods)

Source: State of the Industry Report on Cultivated Meat, GFI, 2019

% mosameat

2

ALEPH FARMS :
MEAT GROWERS MEMPHIS
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SupeFMeat
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Cost

$1,000,000
$100,000
$10,000

$1,000

$100

Price per Burger

$10

$1
2012 2013 2014 2015 2016 2017 2018 2019

Year
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Cost

»  Medical grade techniques & biomaterials
»  Cell medium

»  Small scale production

An analysis of culture
medium costs and
production volumes for
cultivated meat

gfi.org | Page 21



What is meat?

Skeletal muscle tissue
80%-90% muscle fibers
5%-10% connective tissue
5%-10% fat

0.3% blood

Muscle fiber

vV vVvivYvyy

capillary
Setallite cell

Endomysium

Fibroblast cell o
Epimysium
Blood vessel Perimysium

CM should recapitulate the main components of skeletal muscle tissues

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



Questions?



RESEARCH
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Tissue Engineering

»  cCell culture
»  Farm-animal cells
»  Cell of origin choice
»  Culture conditions




Tissue Engineering

Cell culture

Cell maturation




Muscle cells, grown in a dish




Tissue Engineering

» Cell culture

»  Cell maturation

»  Scaffolds
»  Mechanical strength

b) No prescribed
polarity

»  Biological environment

a) Soluble |
gradients
present

c) Discrete

matrix fibrils

3D tissue engineering Synthetic
environment Scaffold

Protein gel

f) Low stiffness
(kPa range)

e) Adhesions|™~ "

d) Spreading and
f \ migration sterically
Y ’ \ hindered
distributed
in all three
X dimensions

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

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

LIF, PDGF, EGF

TGF-R, HGF, IGF-1 Starvation media
— bFGF, LIF myogenic miRNA

a .

(C M‘; L%FFB (20), c(JF . (12 , SDF-1 Myotube bEGEEGF LIF

Ny !‘ TGF-61(30) Secretion TGF-BHGF

Myogene5|s IGF
MRFs I

IGF-1, bFGF,
HGF, VEGF Secretion
PDGF-BB

) IGF-1, HGF, FGF-2,
Secretion
PDGF-BB, VEGF-A, TGF-B
e
)

TGF-B

b ¢ Secretion
Difie
Fibroblast I
prq?g RN
FAP 0 FAS FABP4
Q) Ecu
PPARG

Matured
Adipocyte Adipocytes

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

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



Food Engineering

»  Edible ingredients

GRAD€

FOQO
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Food Engineering

»  Edible ingredients

»  Meat analysis
FoodScan™ for meat
»  Texture

»  Flavor

»  Nutritional value




Food Engineering

»  Edible ingredients
»  Meat analysis
»  Fat, moisture, protein, collagen and salt.

»  Ash, starch, pH, carbohydrates, etc




Food Engineering

»  Edible ingredients

»  Meat analysis
»  Food Regulations

=

.‘
¥

efsa @

European Food Safety Authority

gfi.org | Page 38



Food Engineering

Edible ingredients
Meat analysis
Food Regulations

Additives & Product design

gfi.org | Page 39



Bioprocess

» Bioreactors

»  Automation

» GMP
4t I
Inoculum y Media
from —; recycling
seed train
r_J Porous
| scaffolding
|
T I 4
8
Cell proliferation | \ 1
bioreactor | L ILLLIIIL] Media
1’111|1|||| ] recycling

. aly)

Tissue perfusion
bioreactors

gfi.org | Page 40



Cultivated Meat Production at Scale

SAMPLE

A small sample of cells is
obtained from an animal.

CELL STARTER CULTURE

;?Tﬁ

Phase 1:
Cell proliferation

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

> >
CMedium Recycling
< <

Phase 2:
Tissue Maturation

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

Scaffolding

Final Product

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

Fat
Cell

Muscle

—

Fibroblast o
Cell i/:);‘
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Novel meat products

N

Muscle Fat

gfi.org | Page 42



Longer shelf life, decreased foodborne illness

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

gfi.org | Page 43


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

Questions?



