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More urban people



.03
http://www.grandviewresearch.com/industry-analysis/meat-substitutes-market

The meat substitutes market is 

increasing
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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 , Animal 

Production Science, 2011, 51, 1–5.

The problem to solve

Scollan et al., Animal Production Science, 2011, 51, 1–5.



.05http://www.dailymail.co.uk/sciencetech/article-2384715/At-tastes-meat--Worlds-
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

MUSCLE FIBRE

The meat of the future?

Cultured meat

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
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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



.011Piazza et al., Rationalizing meat consumption. The 4Ns. Appetite 91 
(2015) 114–128. Departments of Psychology, USA, UK, Australia

We eat meat because it is necessary, 

natural, normal and nice (4Ns)

Eating 
meat is a 
pleasure

Meat provides 
proteins

Humans have 
been eating 
meat for a 
long time

Necessary
42%

Natural 
23%

Normal 
10%

Nice 
16%
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Maslow's hierarchy of needs
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Meat traditions: the co-evolutions of humans 

and meats (based on Maslow's hierarchy of needs)
Leroy et al., Appetite 90 (2015) 200–211
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Impact and trends

• Animal welfarism

• Story meat (happy 

meat, metier, and 

crowd butchering)

• Hobby farming, 

home slaughter 

• Neo-animalism, 

ritualism

• Cultured meat, 

pain-free meat, 

and entomophagy

• ‘Meatless meat’, 

meat avoidance

• Disgust

Hunter-gatherers

• Collective hunting
• Meat is needed for sustainability

• Hunting and sharing rituals are key
• Animals as “subjects”

Reciprocity

Ritualism

Domestication

• Frequent human-animal interactions
• Meat-eating is a rare trait

• Celebrative and sacrificial character
• Animals as “subjected”

Concealment

Postdomestic societies

• Production is outsourced and hidden
• Abundant meat-eating

• Removal of references to the animal
• Animals as “objects”

C
onfrontation

The co-evolutions of humans and meats

Leroy et al., 2017, ICoMST
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Carbon footprint from food depends 
more on the nutrition level rather 
than on composition of the diet

Vieux et al., Ecological Economics
75 (2012) 91–101

Human diet and carbon footprint



Tom, et al (2016). Environment Systems and Decisions, 36, pp 92–103

Actual

What happens if we follow dietary guidelines ?

-9%

river, ground water

-9% -9%
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The recommended healthy diet in Europe

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 Mouël C., Marajo-Petitzon E. (Inra, SMART, Rennes), Mora O. (Inra, DEPE, Paris), de Lattre-Gasquet M. (Cirad, Paris) 
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European Union

The recommendations vary according the 

regions of the World

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 Mouël C., Marajo-Petitzon E. (Inra, SMART, Rennes), Mora O. (Inra, DEPE, Paris), de Lattre-Gasquet M. (Cirad, Paris) 

East, Central and South (ECS) Africa 
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Please consider the overall eating pattern, 

not one part of the diet, and eat a 

reasonable amount a variety of foods 

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



Nutritional issues with stem 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

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

Stem cells are the basis for artificial meat production



Nutritional issues with cell culture

Numerous nutrients (carbohydrates, amino 
acids, lipids, vitamins…), growth factors 
(TGFβ, 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

Pork Chicken Beef
Total 

proteins

Total 

proteins

Total 

proteins

Argentina 14 3,3 50

Egypt 10 4,2 50

South Korea 6,3 2,9 17

USA 5,3 3,2 12,5

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

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-l-
elevage-contribue-a-la-production-durable-de-proteines



Pork Chicken Beef
Total 

proteins

Edible 

proteins

Total 

proteins

Edible 

proteins

Total 

proteins

Edible 

proteins

Argentina 14 9 3,3 1,4 50 0,16
Egypt 10 2,3 4,2 0,6 50 Tends to zero

South Korea 6,3 2 2,9 0,96 17 0,15
USA 5,3 3,4 3,2 1,6 12,5 0,8

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

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.

How many kg of plant proteins to produce one 

kg of meat: calculation with edible proteins



26
Kurihara et al 1997, Klieve. and Ouwerkerk 2007, Howden  and Reyenga 1999

Beef cattle with the highest growth rates 

produced less methane per kg of meat
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Reduction of food waste and 
losses is an important issue

Production Distribution 
and 
consumptionAlmost 4 times the French herd
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.029Gerber, 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.

Yes, livestock supply chains are a 

contributor to GHG emissions

Great variability for beef production
= important margins of progress



Where are margins of progress to 

reduce GHG emissions ?

Smith, P., D. Martino, Z. Cai, D. Gwary, H. Janzen, P. Kumar, B. McCarl, S. Ogle, F. O’Mara, C. Rice, B. 
Scholes, O. Sirotenko, 2007: Agriculture. In Climate Change 2007: Mitigation. Contribution of Working 
Group III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change [B. Metz, 
O.R. Davidson, P.R. Bosch, R. Dave, L.A. Meyer (eds)], Cambridge University Press, Cambridge, United 
Kingdom and New York, NY, USA.



Minimum land (103 ha) needed for feeding 

the total Dutch population with diets 

varying in % of dietary protein from animals

15  Mill.

30  Mill.

25  Mill.

41,3  Mill.

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

% of animal proteins in human diet (dairy and meat)

12%

20%
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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
III 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. Schlömer, C. von Stechow, T.
Zwickel and J.C. Minx (eds.)]. Cambridge
University Press, Cambridge, United Kingdom
and New York, NY, USA.

Improvements in conventional meat 
production in terms of GHG emission
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Kg water/ Kg Green water Blue water
Beef 14 400 150 - 550
Cereals 1600 200
Pig 4 907 450
Poultry 3 545 313
Milk 860 10 - 200

Water 
consumption 

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

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

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

Doreau et al., 2013. Prod. Anim., 26, 3, 239-248.
2016. Inra Prod Anim, 30, 165-178. Et 2017 VPC-2017-33-2-1 
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Is artificial meat better? (not sure)

Mattick et al., (2015). Environmental Science and Technology, 49, 
11941-11949.

Artificial meat production is likely to use a lot of energy

Tuomisto et al., (2011). 
Environmental Science & 
Technology, 45, 6117–6123

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

Pamela Anderson



Do we have the right to kill 

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.
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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

We have to revise the relationships between 

animals and humans (Francis Wolf)



Meat: a social issue?

THE INVINCIBLE GODS OF THE 
BUTCHERY

THE BEST QUALITY
THE BEST PRICE



What is 
meat?

Meat: a social issue?

What is 
meat ?

The invention 
of artificial 

meat can save 
our planet
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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.

Consumers do not know any more 

what meat is



.042Hocquette Aurélie et al., Journal of Integrative Agriculture 2015, 14(2): 273–284

Will consumers accept artificial meat?



.043

Consumers do not know what we can do

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

BiteLabs

Now, you can eat meat from muscle samples 
taken from your celebrity
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The protein of the future?

Japanese scientist Mitsuyuki
Ikeda 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 (?)
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Eating proteins from 
mushrooms or insects



Goods and services derived 

from livestock farming
Food consumption
Production
International trade
Associated sectorsMarket

Animal health
Heritage and cultural aspects
Animal welfare

Social concern

Greenhouse gases
Air quality
Soils and carbon storage
Water quality
Biodiversity of plants and of 
animals

Environment

Animal feed
Land use
Energy, phosphorous, water

Inputs

Direct employment
Indirect employment
Work
Technology and automation
Worker health and safety

Jobs

Negative effect

Positive effect

Dumont B. (ed.), Dupraz P. (ed.),.
ROLE, IMPACTS AND SERVICES
PROVIDED BY EUROPEAN LIVESTOCK
PRODUCTION. Collective scientific
assessment. INRA (France). .



Adopting 
management 
practices to 

improve animal 
health

Decreasing the 
inputs needed 
for production

Decreasing 
pollution 

by optimising 
the metabolic 
functioning of 

farming systems

Enhancing 
diversity within 

systems 
to strengthen 

their resilience

Preserving 
biological diversity 
in agro ecosystems 

by adapting 
management 

practices

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

5 principles applied 
to livestock farming

Dumont et al.,
Prospects from agroecology
and industrial ecology
for animal production 
in the 21st century
Animal (2013), 7:6, 1028–1043

Sustainable 
farming 
systems



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

Meat Livestock Australia



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

USAFRANCE POLAND

AUSTRALIA

IRISH 
REPUBLIC

UNITED 
KINGDOM

JAPAN

SOUTH 
KOREA

NEW 
ZEALAND

SOUTH 
AFRICA

Beef consortium

From Rod Polkinghorne (personal communication)
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Towards sustainable meat production

Quality

Organic 

farming
EmploymentLocal 

products

Fouquery-Mérel, Paré, Fosse, DGAL, 2014

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

1) Recycling of raw materials that
can not be consumed (pulp, grains,
sounds, forages, ...),

2) Production of organic fertilizer,

3) Irreplaceable role for sustainable
agriculture through polyculture and
rotations

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.



Discount : 20% with the code VPC20  
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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.

http://www.viandesetproduitscarnes.fr/
mailto:redactionvpc@gmail.com

