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Muscle Structure



Satellite Cells

Bentzinger et al. 2013 BioEssays 35:231-41



Process of Invitro Meat

Langelaan, M.L.P. et al., 2010. Trends in Food Science & Technology 21 (2):59-66.
Sharma, S. et al., 2015. Journal of Food Science and Technology-Mysore 52 (12):7599-7607.
Specht, E.A. et al., 2018. Biochemical Engineering Journal 132:161-168.



Growth Cycle of cells in culture



Increase in cell number over time

Number of cell doublings
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How much protein does this equate too?

• 39 Million head of cattle
• 1250 pounds live weight
• 750 pound carcass
• 525 pounds meat

• 20.475 Billion pounds of beef/year

• If cells double 30 times = 1.476 Billion pounds
• ~ 14 head a cattle per year





Numerous Start-Ups
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Input and output of conventional vs. Invitro Meat
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Input and output of conventional vs. Invitro Meat
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$1 Trillion 
Economic Impact

5.6% of U.S. GDP



Clapper et al, Journal of Animal Sciences 78:2160-67

Change in 
U.S. Dairy 
Industry 

Over Time



CO2 Emissions from Dairy Cows

Clapper et al, Journal of Animal Sciences 78:2160-67



The average genetic value for net merit of 
artificial insemination bulls by year of entry into 

artificial insemination
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Greenhouse Gas (GHG) Emissions
• Most dominant GHGs

• Methane (CH4)

• Carbon Dioxide (CO2)

• Nitrous Oxide (N2O)

• Methods of In Vitro Meat 
LCAs rely on those of the 
reference studies
• Allocation methods

• System boundaries
Mattick, C.S. et al., 2015. Journal of Integrative Agriculture. 14 (2):249-254.
Mattick, C.S. et al., 2015. Environ. Sci. Technol. 49 (19):11941-11949
Smetana, S. et al., 2015. Intl. Journal of Life Cycle Assessment.
Tuomisto, H.L. & de Mattos, M.J.T. 2011. Environ. Sci. Technol. 45 (14):6117-6123.

Mitigation potential represented by percent of the highest impact meat.



Land Use
• Construction or conversion 

to carneries

• Advantage: could be located 
on non-agricultural land

• Virtual land use not included
• Energy production

• Feed production

• Non-animal-derived growth 
media vs. animal-derived 
growth media

• Intensification
Mattick, C.S. et al., 2015, Journal of Integrative Agriculture. 14 (2):249-254.

Mattick, C.S. et al., 2015. Environ. Sci. Technol. 49(19):11941-11949
Smetana, S. et al., 2015. Intl. Journal of Life Cycle Assessment.

Tuomisto, H.L. & de Mattos, M.J.T. 2011. Environ. Sci. Technol. 45 (14):6117-6123.

Mitigation potential represented by percent of the highest impact meat.



Energy Use

• Industrial energy use in 
carneries

• Tradeoffs of renewable 
substitutes

• Values represent the 
lowest reports in the U.S. 
and Europe

Mattick, C.S.,et al., 2015. Journal of Integrative Agriculture. 14 (2):249-254.
Mattick, C.S.,et al., 2015. Environ. Sci. Technol. 49 (19):11941-11949

Smetana, S. et al., 2015. Intl. Journal of Life Cycle Assessment.
Tuomisto, H.L. & de Mattos, M.J.T. 2011. Environ. Sci. Technol. 45 (14):6117-6123.

Mitigation potential represented by percent of the highest impact meat.



Eutrophication
Potential

WAT E R  US E
( R AN KE D F RO M LOWEST  TO  HIGHES T )

g PO 4e q /  
1 kg IN  V IT RO  MEAT

Poultry Reference Studies 0.07

LCA Study B In Vitro Meat 0.05-0.15

Pork Reference Studies 0.25

Beef Reference Studies 0.21

LCA Study A In Vitro Meat Not assessed

LCA Study C In Vitro Meat Not assessed

• Only assessed in 1 
existing LCA

• Untreated in vitro meat 
waste flows vs. managed 
livestock waste flows

• Exclusion of  spent media

Mattick, C.S. et al., 2015. Environ. Sci. Technol.49 (19): 11941-11949

Presenter
Presentation Notes
Implementation of a managed waste system for carneries would result in an increase in land use and energy use



Effects of Additives in the Growth Medium
Concerning Additives

• Steroids
• Dexamethasone
• IBMX

• Hormones
• Androgens and 

Estrogen
• IGF

• Antimicrobials Arshad, M.S. et al., 2017. Cogent Food & Agriculture 3 (1):11.
Kamanga-Sollo, E. et al., 2010. Domestic Animal Endocrinology 39 (1):54-62.

Post & Hocquette. 2017. New Aspects of Meat Quality, 425-439.
Post, M.J. 2014. In Frontiers in Agricultural Sustainability: Studying the Protein Supply Chain to Improve Dietary Quality, 29-33.

Velloso, C.P. 2008. British Journal of Pharmacology 154 (3):557-568.

Presenter
Presentation Notes
Dex and IBMX
steroids not allowed in food chain
Androgens and Estrogen
hormones
Antimicrobials
All would need a withdrawal period? 
But unsure to what extent it would be metabolized
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Cultural Considerations of Diets
• Kosher

• “(t)he taking of the cell from a living animal is a violation of one of the 
seven laws of Noah – thou shalt not tear the limb of a living animal”

• Animals must be slaughtered in accordance to kosher rules for in vitro meat 
to be kosher

• Halal
• Some schools of thought- embryonic acceptable if mother slaughtered 

halal
• Cells from adults must be slaughtered in halal fashion
• No blood or serum can remain in the product

• Non-animal-derived growth medium would be best
Hamdan, M.N. et al., 2018. Journal of Religion & Health 57 (6):2193-2206.

Regenstein, J.M. 2019. Cell based meat production. 
Regenstein, J.M. et al., 2003. Comprehensive Reviews in Food Science and Food Safety 2:111-127.

Presenter
Presentation Notes
Cultural Aspects
Just as an example these two communities have stipulations as to what they may consume. It must be determined whether or not these communities would be able to consume this new food. There is much debate from both communities about the acceptance or rejection of the new food. 
Kosher- There's a lot of debate in the community. Cell source can decide whether or not kosher
Animal must be slaughtered in kosher way to be considered kosher. Overall, the animal cannot live after taking cells.
This is still up for debate, and no concise decision has been made
Halal
Some believe it is ok to use embryonic cells if the mother is slaughtered in halal fashion
Others the fetus must be fully developed with the presence of fur in order for it to be halal
The animals cannot live if you take the cells from them.
No blood or serum may be allowed to stay in the product (best to use non-animal-derived medium)
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Nutritional Concerns, Possible Health 
Advantages, and Biomimicry

Nutrition concerns
• Lack of heme iron
• Lack of vitamin B12
• Lack of conjugated linoleic acid

Nutrition opportunities
• Removing linkage between meat and 

cardiovascular disease
• Myristic acid and palmitic acid

• Addition of Omega 3 fatty acid
Bhat, Z.F. et al., 2017. Critical Reviews in Food Science and Nutrition 57 (4):782-789. 

Post & Hocquette. 2017. New Aspects of Meat Quality, 425-439. 

Does it taste and feel the same?
• Lack of adipose (fat) tissue
• Addition of other cell types 

(vascular and neural)
• Post-harvest events
• Color (yellow)

Presenter
Presentation Notes
Lack of heme iron (readily absorbed by body)
Lack of Vitamin B12 (because produced in rumen)
Conjugated linoleic acid (also produced in rumen, anti cancer properties)
High replication rates could result in higher levels of mutated cells (cancer cells), unsure of health concerns if consumed

Nutritional opportunities
If link pinpointed: tissue could be altered to become healthier
Omega 3 could be added in some way, to become healthier



Importance of 
Livestock

Livestock 
Production

Livelihoods

Income and 
Nutrition

Rural vitality

Social security

Byproducts

Leather, wool, 
fur

Casein, collagen, 
serum

Lard, gelatin, 
tallow

Manure for 
fertilizer

Culture

Landscapes

Agritourism

Specific breeds 
of cultural 

significance

Traditional 
dishes/diets

Kemi, A.O. 2016. IOSR Journal of Agriculture and Veterinary Science 9:77-80. 
Kohler-Rollefson, I. 2016. Revue Scientifique Et Technique-Office International Des Epizooties 35 
(2):611-618. 
Ryschawy, J. et al., 2017. Animal 11 (10):1861-1872. 

Presenter
Presentation Notes
Livestock production does lead to a wide variety of products and has many different impacts
Under livelihoods
Income and Nutrition- livestock can be used to earn a wage by selling or can be consumed for food
Rural vitality- livestock serve to provide employment to the community and help rural communities survive
Social security- livestock can be seen as a type of bank. In times of hardship, they can either be used for food or sold to increase the funds available to a family. 
Under byproducts
Leather, wool, and fur- these are often used for clothing
Casein, collagen, serum- can be used in medical, pharmaceutical, or food industries
Lard, gelatin, tallow- these are commonly used in food industries (or candle or soap making in the case of tallow)
Manure- this is used as a natural fertilizer for crop production
Under culture
Landscapes- livestock can be used to preserve landscapes that are important to groups of people or communities. Pastoralist communities can utilize rotational grazing to help preserve natural prairies. 
Agritourism- this is an industry where a hired guide leads tourists through the agriculture of a region where livestock can play an important role. This can be something where people are shown how agriculture was traditionally done in which case livestock have been important players
Specific breeds of cultural significance- some cultures hold specific breeds of livestock to be very important. This could be due to their hides, milk, eggs, meat, horns, or any other aspect. An example would be the traditional woven blankets called Gongadi produced by pastoralists of the Deccan Plateau in India.
Traditional dishes/diets- this is something that many people may be able to understand. For example, many Christian's celebrate Christmas or Christmas Eve by eating ham, roast beef, or turkey. Americans celebrate Thanksgiving and traditionally consumer turkey on this day. Some cultures roast entire animals like pigs for big events or holidays. 
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