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The meat substitutes market is
increasing
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The problem to solve

Nowadays, the livestock and meat sectors are facing new
and important challenges:

* their environmental impact and role in global climate
change;

* balancing the need for increased production of animal
products (to satisfy the increasing human population)
coupled with a lower footprint,

* and addressing societal needs in terms of animal
welfare and product quality for the consumer

Scollan et al., Animal Production Science, 2011, 51, 1-5.
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The meat of the future?
Cultured meat

HOW THE BURGERS ARE GROWN

Tissueis taken Stem f’, Ze 20,000 muscle
from cow cellsare | ~ % fibres are
. extracted = 4 then coloured,
. from the >\ /”/ J - minced, mixed with
' '5‘ fatsandshaped

_'_ :INQA http://www.dailymail.co.uk/sciencetech/article-2384715/At-tastes-meat--Worlds-
—= a test-tube-artificial-beef-Googleburger-gets-GOOD-review-eaten-time.html



The meat of the future?
Cultured meat

Stem cells are cells with a large capacity for
multiplication to produce muscle

Source: Post, 2012



The first artificial steak

Mark Post: « In seven years, you’ll eat in vitro meat. »

On August 5, 2013, Prof Mark Post of Maastricht University presented a burger
made from Cultured Beef in front of an invited audience in London.

This was acknowledged by the World Technology Network when M Post
received the World Technology Award for Environment on 15 Nov 2013.

This burger costed €250,000. It was paid at least in part by Google co-founder
Sergey Brin.

Bill Gates and Richard Branson Embark on the Business with Artificial Meat
(August 30, 2017). They chose to invest capital in the new Memphis Meat
Company.
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Meat consumption in human history

Human beings are omnivores

Human beings were eating meat as early as 1.5 million
years ago. The main problem was to ensure enough food
(energy and proteins).

A vast majority of human beings (> 90%) eat meat

Farm animals are today well adapted to life with humans,
and cannot simply return to the wild world without

suffering




Drivers of meat consumption

The meat drivers are incomes and prices.
Meat consumption, as language, beliefs, religion, lifestyle
(etc) is an element of culture and identity of social groups
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We eat meat because it is necessary,
natural, normal and nice (4Ns)

Meat provides
proteins

Eating
meat is a
pleasure

Necessary
42%

Humans have

been eating Natural
meat for a 239
long time

Piazza et al., Rationalizing meat consumption. The 4Ns. Appetite 91

(2015) 114-128. Departments of Psychology, USA, UK, Australia
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Maslow's hierarchy of needs

morality,
creativity,
spontaneity,
problem solving,
lack of prejudice,

Self-actualization acceptance of facts

self-esteem, confidence,
achievement, respect of others,

Esteem respect by others
_ friendship, family, sexual intimacy
Love/belonging
security of: body, employment, resources,
Safety morality, the family, health, property

breathing, food, water, sex, sleep, homeostasis, excretion

Physiological




Meat fraditions: the co-evolutions of humans
and meats (based on Maslow's hierarchy of needs)

Leroy et al., Appetite 90 (2015) 200-211

Holistic level 'S/
Cultural and religious ®¢
implications, o
symbolism, and ethics fp
<
(@

Culture

Value level 3
Societal differentiation and hierarchical
positioning

Community level
Linguistic developments, societal consolidation, and meat rituals

Security level
Hunting strategies, resource management, social cooperation,
and meat sharing systems

Nature

Physiological level
Nutritional and evolutionary impact of meat




The co-evolutions of humans and meats

Reciprocity Leroy et al., 2017, ICOMST

Hunter-gatherers

« Collective hunting 1

* Meat is needed for sustainability Confrontatlon

- Hunting and sharing rituals are key

- Animals as “subjects” Impactand trends
~ - - Animal welfarism

e Story meat (happy
Ritualism meat, metier, and

crowd butchering)
* Hobby farming,

Domestication home slaughter
. . . * Neo-animalism,
* Frequent human-animal interactions ) )
ritualism

- Meat-eating is a rare trait
» Celebrative and sacrificial character
« Animals as “subjected”

e Cultured meat,
pain-free meat,
and entomophagy
‘Meatless meat’,
meat avoidance

Dissimulation
Disgust

Postdomestic societies

UOIJeIUO.JU0D

Production is outsourced and hidden
- Abundant meat-eating

« Removal of references to the animal
Animals as “objects”
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Human diet and carbon footprint

Daily energy intake (Kcal/d)
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Carbon footprint from food depends
more on the nutrition level rather
than on composition of the diet

~

J

y = 0,366x + 527,66
R2=0,57

Vieux et al., Ecological Economics
75 (2012) 91-101
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What happens if we follow dietary guidelines ?
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The recommended healthy diet in Europe
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Agrimonde-Terra foresight: Land use and food security in 2050. Hypotheses about the future of the drivers of the “land use and food security” system and their
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The recommendations vary according the
regions of the World
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Meat

Dairy and eggs

Aquatic animal products
Pulses

Maize, rice and wheat
Other cereals

Fruit and vegetables
Roots and tubers

Sugars and sweeteners
Vegetable oils
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Agrimonde-Terra foresight: Land use and food security in 2050. Hypotheses about the future of the drivers of the “land use and food security” system and their
translation into quantitative hypotheses. By Le Mouél C., Marajo-Petitzon E. (Inra, SMART, Rennes), Mora O. (Inra, DEPE, Paris), de Lattre-Gasquet M. (Cirad, Paris)



Please consider the overall eating pattern,
not one part of the diet, and eat a
reasonable amount a variety of foods

Calcium for
Your Bones

Grilled Beef

Baked Fish

Low-fat of
ft Natur I Che:
urt  Peanut Butter

Low-
Yogur

https://sites.psu.edu/ascottnutr360/2016/04/08/what-does-it-mean-to-be-healthy/

Adapted with permission from Learning About Diabetes Inc., Bedminster, NJ.



Nutritional issues with stem cells

Stem cells are the basis for artificial meat production

There is concern about
genetic instability of
cells due to the high
number of proliferations
(i.e. cancer cells)

The co-culture of muscle, adipose and other cells to
reproduce muscle tissue in its complexity remains a
major technological challenge to be overcome



Nuftritional issues with cell culture

-]

Numerous nutrients (carbohydrates, amino
acids, lipids, vitamins...), growth factors
(TGFB, FGF, IGF) and hormones (insulin,
thyroid hormones and/or growth hormone)
are necessary to culture the cells and to allow
them to proliferate and differentiate.

All these compounds will have to be prepared
by the chemical industry, which raises
nutritional issues.

Currently, stem cells are conventionally cultured in a medium containing
antibiotics and fungicides for safety as well as fetal bovine or newborn calf
serum. The precise nature of the composition of these serums is unknown.
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How many kg of plant proteins to produce one
kg of meat: calculation with total proteins

adapté de Bradford et al., 1999 par Peyraud, 2016

| pork |  Chicken |  Beef
Total Total Total
proteins proteins proteins
Egypt 10 4,2 50
UsA K 3,2 12,5

Conclusions from these figures: it is better :

1) to eat plant proteins (it is more efficient) than animal proteins
2) to avoid beef

as said by vegetarians, vegans and proponents of artificial meat.

Adapté de Peyraud, 2016. http://www.viandesetproduitscarnes.fr/index.php/fr/775-I-
elevage-contribue-a-la-production-durable-de-proteines



How many kg of plant proteins to produce one
kg of meat: calculation with edible proteins

| pork |  Chicken |  Beef
Total Edible Total Edible Total Edible
proteins  proteins  proteins proteins proteins  proteins
Egypt 10 2’3 4’ 2 0,6 50 Tends to zero
[N 52 3¢+ 32 16 125 08

Conclusions from these figures: Ruminants are efficient to
convert plant proteins into animal proteins: 80% of food
consumed by cattle is not consumable by humans.
Therefore, you may consider that it is better to eat beef.

adapté de Bradford et al., 1999 par Peyraud, 2016



Beef caitle with the highest growth rates
produced less methane per kg of meat
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Kurihara et al 1997, Klieve. and Ouwerkerk 2007, Howden and Reyenga 1999



Reduction of food waste and
losses is an important issue

INRA
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0%
MEAI

FOOD LOSSES

Of the 263 million tonnes
of meat produced globally,
over 20% is lost or wasted.

This is equivalent to
75 million cows.

.

Almost 4 times the French herd

W Animal production
M Distribution
Consumption

M Slaughter
M Processing

Europe

North America and Oceania
Industrialized Asia

Sub-saharan Africa

North Africa, West and Central Asia

South and Southeast Asia
Latin America

I
30%

Distribution
and
consumption

Production




Global protein scarcity —Is
meat a part of the solution?

—=  SCIENCE & IMPACT

'/ VetAgro Su
m g P

HOCQUETTE Jean-Francois,
MOLLIER Pascale,
PEYRAUD Jean-Louis

1. Meat and humans along history
2. Meat and human nutrition

3. Meat and bioloaical efficiency
4. Meat and the environment

5. Meat, ethics and culture

6. The future of meat



Yes, livestock supply chains are a
contributor to GHG emissions
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Cattle milk  Small ruminant Small ruminant

meat milk

Chickenmeat Chickeneggs

Gerber, P.J., Steinfeld, H., Henderson, B., Mottet, A., Opio, C., Dijkman, J., Falcucci, A. & Tempio, G.
2013. Tackling climate change through livestock — A global assessment of emissions and mitigation
opportunities. Food and Agriculture Organization of the United Nations (FAO), Rome.




Where are margins of progress to
reduce GHG emissions ?

Mt CO,-eq/yr
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Minimum land (102 ha) needed for feeding
the total Dutch population with diets
varying in % of dietary protein from animals

Van Kernebeek et al.,
Int J Life Cycle Assess
(2016) 21:677-687

0 20 40 60 80
% of animal proteins in human diet (dairy and meat)
= =15 Mill. === 25 Mill.
=== 30 Mill. . 41,3 Mill.



Average Annual GHG Emissions [GtCO_eq/yr]
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Improvements in conventional meat
production in terms of GHG emission

il

1970-1979

Crop Residues and Savannah B Manure Management (CH, and N,0)
Burning (N,O,CH,)

Cultivated Organic Soils (N,0)
Crop Residues (N,0)

Rice Cultivation (CH,)
Enteric Fermentation (CH,)

[ Drained Peat and Peat Fires
(CO,, N,O, CH)
B Land Use Change and Forestry (CO,)

Manure Applied to Soils (N,0)
Manure on Pasture (N,0)

Synthetic Fertilizers (N,0)

1980-1989

1990-1999

2000-2009

Smith P., M. Bustamante, H. Ahammad, H. Clark,
H. Dong, E. A. Elsiddig, H. Haberl, R. Harper, J.
House, M. Jafari, O. Masera, C. Mbow, N. H.
Ravindranath, C. W. Rice, C. Robledo Abad, A.
Romanovskaya, F. Sperling, and F. Tubiello,
2014: Agriculture, Forestry and Other Land Use
(AFOLU). In: Climate Change 2014: Mitigation of
Climate Change. Contribution of Working Group
Il to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change
[Edenhofer, O., R. Pichs-Madruga, Y. Sokona, E.
Farahani, S. Kadner, K. Seyboth, A. Adler, I.
Baum, S. Brunner, P. Eickemeier, B. Kriemann, J.
Savolainen, S. Schlémer, C. von Stechow, T.
Zwickel and J.C. Minx (eds.)]. Cambridge
University Press, Cambridge, United Kingdom
and New York, NY, USA.




Water
consumption

E—
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Kg water/ Kg  Green water

Beef

14 400

Cereals 1600

Pig

4 907

Poultry 3 545

Milk

360

2.9% Grey Water Footprint : The amount
of freshwater required to mix and dilute
pollutants

93.5% Green Water Footprint : The
amount of rainwater required
(evaporated or used directly) to make a
product.

3.6% Blue Water Footprint : The amount
of surface water and groundwater
required (evaporated or used directly) to
make a product.

Blue water
150 - 550
200

450

313

10 - 200

Doreau et al., 2013. Prod. Anim., 26, 3, 239-248.
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Is artificial meat better? (not sure)

A . In Vltro Mattick et al., (2015). Environmental

Science and Technology, 49, 11941-11949.

X Tuomisto et al., (2011).
I n Vl tr 0 Environmental Science &
Technology, 45, 6117-6123

Industrial energy use

Land use
Bubble area is proportional to global warming potential.

Artificial meat production is likely to use a lot of energy

Mattick et al., (2015). Environmental Science and Technology, 49,
11941-11949.
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Meat: a social issue?

ALL ANIMALS - =\

Pamela Anderson

should we still
. eat an'\ma\S?



Do we have the right to Kkill
animals to eat them?

The philosophy from Lestel (2011)
considers that anti-speciesism has a
major contradiction:

- it claims equality for all animal
species, including human beings

- but it denies the right to
predation only to one species,
“human beings”, whereas it recognizes
this right to all other species.




We have o revise the relationships between
animals and humans (Francis Wolf)

Human beings have a diversity of relationships
with the diversity of living organisms in the animal
kingdom (from flea to dog).

Thus, man’s duties toward animals depend on the
nature of these relations.

The status of the animal cannot be unique.

“Modern animalism”, which assigns a unique value to all animals,
considered as a unique being (called), contains several contradictions:

first, man is sometimes included, sometimes excluded from animal kingdom;
then, dogs and their fleas cannot be handle in the same way.

The main cause of the complex relationships between
humans and animals is the man consciousness loss of his
human specificity

—= SCIENCE & IMPACT



Meat: a social issue?

Do not be afraid to say
« | love meat »

THE INVINCIBLE GODS OF THE
BUTCHERY

THE BEST QUALITY
THE BEST PRICE

vREND/y
> BEEF d

THE CASE FOR SUSTAINABLE I_B[},Gﬂgﬁ

MEAT PRx)UCTION l‘herﬂa‘ig: huzhn

LAl ~
THE MANIFESTO OF AN
ENVIRONMENTAL LAWYER
AND VEGETARIAN
TURNED CATTLE RANCHER

*
NICOLETTE HAHN NIMAN




Meat: a social issue?

The invention
of artificial

meat can save What is
meat ?

our planet




Consumers do not know any more
what meat is
The first in vitro steak produced resembled a hamburger and

not real meat, which is logical as it is much easier to produce a
hamburger (ground beef) in vitro than a real steak.

Also, the hamburger has become progressively the international
standard for meat (thanks to different fast-food chains) and has
replaced rib steaks, flank steaks, pork chops or chicken legs.




Will consumers accept artificial meat?

According to your perception, will in vitro meat be
well accepted by consumers? Will consumers buy it?

70 -
60 A

8)
o
1

Proportions of the different
answers (%)
1N
o

- N W
o o o O
I I I

Yes

O International survey
B French survey
O Paper survey

1

| don't know

Hocquette Aurélie et al., Journal of Integrative Agriculture 2015, 14(2): 273-284




Consumers do not knhow what we can do

Do you have any favourite singer?
Do you have any favourite sportsman?
Do you have any favourite politician?

Now, you can eat meat from muscle samples
taken from your celebrity

BiteLabs

EAT CELEBRITY MEAT

BiteLabs grows meat from celebrity tissue samples
and uses itto make artisanal salami

-“ SCIENCE & IMPACT
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The protein of the future?

Japanese scientist Mitsuyuki
lkeda has developed a
“burger” made from soya,
steak sauce essence, and
protein extracted from
human feces present in
sewage sludge of Tokyo.

This process is very cheap,
ready-to-use and therefore,
likely to be very sustainable (?)

=——
SCIENCE & IMPACT



Eating proteins from
mushrooms or insects

INRA
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Goods and services derived
from livestock farming

Food consumption

Animal health Production
Heritage and cultural aspects International trade
Animal welfare L5 = :

Social concern = :'? Market j:‘ \72‘ Associated sectors

§ o 1 >
» Negative effeCt g ‘///' / ‘ ﬂ /£t¢£‘ Dumont B. (ed.), Dupraz P. (ed.),.

Directivanitrates: ﬂ ROLE, IMPACTS AND  SERVICES
. PROVIDED BY EUROPEAN LIVESTOCK

PRODUCTION. Collective scientific
assessment. INRA (France). .

» Positive effect
51

-’Q

\

Greenhguse gases Q Direct employment

Air quality — Indirect employment

Soils and carbon storage S Work

Water quality Animal feed Technology and automation
Biodiversity of plants and of Land use Worker health and safety

animals Energy, phosphorous, water



Agroecology: To take benefit of natural processes
to improve farm sustainability
5 principles applied

to livestock farming
Decreasing the
inputs needed

for production

Sustainable
farming
systems

Dumont et al., .

Prospects from agroecology . Enhanci ng

and industrial ecology Preserving diversity within

for animal production . . . .

in the 21st century bIOIOglcaI dlverSIty SyStemS

Animal (2013), 7:6, 1028-1043 i

i) in agro ecosystems to strengthen
by adapting their resilience

management

practices



Eating quality: Towards an international model to

predict eating quality in the plate

MSA2000model®

Hang (AT/TC/TSTX)
Sex (M, F)

Est.% Bos Indicus
Hump Height cms
Hot Std Carc Weight
USDA Ossification
Milk Fed VYealer Y/MN
USDA Marbling
Days Aged (min 5)
Quarter Point Ribfat
Ultimate pH

AUSMEAT Meat Col.
Saleyard? (Y, N)

WahtfApp.Maturity

Meat Livestock Australia

AT

m
0
0

250

140

300

12

5.50

0.86

Muscle |(Days|Grilled| Roast | 5tir | Thin | Cass- | Corne
Cut Description |Reference |Aged| Steak | Beef | Fry | Slice | erole |d Beef
Tenderloin TDRDG2
Cube Raoll CUBOD45 4 4 4
Striploin STRO4S 3 3 3
Oyster Blade || OYS5036 4 4 4
Bolar Blade BLDO9G 3 3 4
Chuck Tender | CTRO8S 3 3 3
Rump RMP131 3 3 3
Point End Rump | RMP231 4 4 4
Knuckle KNUDS9 3 3 3
Outside Flat | OUTO0S BN 3
Eye Round EYEDTS 3 3 3
Topside TOPO73 3 3 3
Chuck CHHO78 3 3 3
Thin Flank TFLOG1 3
Rib Blade RIBD41 3
Brisket BRIDS6 X
Shin FQshin




Eating quality: Towards an international model to
predict eating quality in the plate

/r Beef consortium \ AN BN y
IRISH
REPUBLIC

(
UNITED FRANCE POLAND
KINGDOM
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AFRICA L L ZEALAND
y

From Rod Polkinghorne (personal communication) U /




Towards sustainable meat production

Role in bio-economy (those parts of
the economy that use renewable
biological resources) :

SIETe 1) Recycling of raw materials that
arming

Local Employment i
Ouality | products can not be consumed (pulp, grains,
sounds, forages, ...),

2) Production of organic fertilizer,

3) Irreplaceable role for sustainable
agriculture through polyculture and
rotations

Fouquery-Mérel, Paré, Fosse, DGAL, 2014

Feeding humans cannot be sustainable without animals and without animal products.

But it is necessary to change intensive production systems in competition with human needs.
This implies the use of more ruminants and to have diets with no more than 30%-40% of
dietary proteins from animal sources.




BURLEIGH DODDS SERIES IN AGRICULTURAL SCIENCE BURLEIGH DODDS SERIES IN AGRICULTURAL SCIENCE

ISBN

Ensuring safety Ensuring safety
and quality in the st and quality in the

ePub: 978 178676058 6

produC'Uon O'F beef PDF: 978 178676059 3 pl’OdUCthﬂ O'F beef

Publication date
Volume 1: Safety March 2017 Volume 2: Quality

Price
Edited by Professor Gary Acuff, Texas A&M University, USA £130.00/$165.00/€160.00 Edited by Emeritus Professor Michael Dikeman

Professor James Dickson, lowa State University, USA Length Kansas State University, USA

240 pages

ISBN

Hardbacl: 978 1 78676 060 9
PDF: 9781786760630
ePub: $78 1786760623
Mobi: 78 178676 0616

Publication date
February 2017

Price ;
£190.00/$240.00/£2:30.00 3

Length
400 pages

burleigh dodds burleigh dodds

Discount : 20% with the code VPC20



VIANDES 2,

LA REVUE FRANGAISE DE LA RECHERCHE EN VIANDES ET PRODUITS CARNES”

The journal V&PC "Viandes et Produits Carnés"
is the only scientific journal in the meat and
meat product sector for the industry published
in French (with some articles in English).
Papers are published on line
http://www.viandesetproduitscarnes.fr/

More than 5700 people subscribe to the V&PC
newsletter
To submit an article : redactionvpc@gmail.com.
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