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Can Cell-based Meat Play a Role 
in the Fight Against AMR? 

The development of cultivated meats, including 
seafood, holds the promise of providing an alternative 
to industrial animal farming. This editorial explores the 
role of cultivated meats in the sustainable European food 
system envisioned in the European Commission’s Farm 
to Fork strategy. Can cellular agriculture be part of a new, 
environmentally-friendly food system? What role can 
cell-based meat play in the fight against antimicrobial 
resistance? 

The EU’s Farm to Fork strategy, which was launched in 
2020 and aims to create a fair, healthy and environmentally-
friendly food system, recognises the interconnectedness 
between animal welfare,  human health and the environment. 
The strategy sets out to both reduce sales of antimicrobials by 
50% within the current decade, and to improve animal welfare.1 

This dual goal is a prominent example of the interlinkages 
between animal welfare and human health as the overuse 
of antimicrobials in livestock production is a main contributor 
to antimicrobial resistance.2,3 Poor animal welfare, crowded 
conditions and deprivation from performing species-
specific behaviours are contributors to stress in animals. 
Stressed animals are more susceptible to disease, whereby 
improved animal welfare is a measure that can decrease 
the use of antimicrobials.4 The link between animal welfare 
and antimicrobials is true also for aquaculture, where fish are 
kept in barren high-density systems.5

The current over-consumption of animal protein has 
negative impacts not only on animal and human health but 
also on the planet as animal agriculture and the demand for 
animal protein are driving forces behind climate change. The 
EAT-Lancet Planetary Health Diet identifies the levels of animal 
products that can be consumed to stay within the planetary 
boundaries.6 The estimations prescribe a predominantly 
plant-based diet with small amounts of animal proteins.7 
While EAT-Lancet calls for a 50% reduction of animal products 
globally by 2050, high-consuming Western industrialised 
countries, including Europe, need to reduce more to achieve 
the overall reduction needed on the global scale.8 In Europe 
that would mean a reduction from the current consumption of 
red meat and poultry from 1,320 g per person/week to no more 
than 300 g per person/week. This means that a reduction by 
77% of the current levels of red meat and poultry consumption 
would be needed to align European diets with the EAT-Lancet 
Planetary Health Diet.9 At the same time, the global population 
is expected to reach almost 10 billion by 2050 and, as many 
people want to continue eating meat, this would lead to an 
increase in meat demand.10,11,12

In this context, cultivated meat innovators state that their 
products will be able to support the shift to a sustainable 
food system. Cultivated meat, grown from animal cells, can 
contribute to closing the gap between the amount of animal 
protein that can be sustainably produced and the actual 
global demand.13 

In cellular agriculture the cell cultivation is a technique 
that uses tissue engineering to produce different types of 

meat, including fish.14 A small amount of cells are extracted 
through a biopsy without harming the animal and the cells 
are then placed in a nutrient culture medium. The growth and 
development into muscle, fat or other tissue takes place in 
bioreactors that resemble brewery fermentation processes.15,16 
The final product has the same properties as animal meat.17,18 
The novelty is that the production process for the first time 
decouples meat production from the need to raise and 
slaughter large numbers of animals.19 

Cultivated meat can be a more sustainable source 
of protein than all conventionally produced meat, with 
significant reductions in land and water use. Freeing up land 
currently used to grow animal feed can bring wildlife and 
biodiversity back.20 When produced with renewable energy, 
the environmental impact can be reduced by 93% compared 
to beef, by 53% compared to pork and by 29% compared to 
poultry.21,22

Future projections predict that, if by 2040 cultivated 
meat represents 35% of global meat production and plant-
based meat alternatives constitute 25%, conventional meat 
production could be reduced by 60%. Not only would the 
closed systems of bioreactors used in cellular agriculture 
contribute to a decrease in antibiotic use in overall meat 
production, but the significantly reduced number of animals 
needed would allow for animals to be kept in high welfare 
systems with less need for medicines.23

Singapore is the first country to have tasted cultivated meat 
as cultivated chicken nuggets received regulatory approval 
to be sold commercially for the first time in 2020.24 In Europe, 
several start-up companies are currently developing a range 
of cultivated meat and seafood products. The products 
fall under the EU Novel Foods Regulation (EU) 2015/2283 
that applies to all food that has not been used for human 
consumption to a significant degree within the EU prior to 
1997. Before being available to EU consumers, the cell-based 
products will need pre-market authorisation that ensures that 
they are safe for human consumption.25

Apart from the regulatory approval, economic and 
technical issues remain to be solved before the scaling up 
of cultivated meat production. Fetal bovine serum (FBS), 
derived from blood drawn from the fetus of slaughtered 
cows, is commonly used in biomedical research as a nutrient 
media for cell-growth. Apart from FBS being expensive, it is 
not a viable option for cell-based meat production due to 
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the animal welfare and ethical aspects of extracting blood 
from unborn calves. A key for the cultivated meat sector is 
to develop cost-efficient animal-free media that will allow 
to decrease the costs of cultivated meat.26,27,28,29,30 A recent 
publication shows the scientific progress made by Mosa 
Meat, revealing how the company has managed to replace 
FBS with an animal-free medium and without genetically 
modified cells.34

 One of the environmental benefits that have been identified 
with the arrival of cellular agriculture is that it allows for the 
possibility to switch agricultural production from animal-feed 
crops to crops grown for human consumption, and to combine 
conventional farming with cellular agriculture. However, 
concerns have been raised that cultivated meat risks leading 
to loss of income for smallscale farmers.35 The fear is that 
cultivated meat might replace the organically certified and 
higher animal welfare meat from small farms rather than the 
industrially produced meat. However, with production costs for 
cultivated meat decreasing, the sector will likely target the latter 
market and replace the industry of cheap, mass-produced 
meat that has been allowed to grow at the expense of animal 
welfare, human and animal health and the environment.33

 
A further concern is that cultivated meat might be used by 

large meat-processing corporations to increase their power 
over the food system through patents and monopoly of the 
technology. The fear is that the cultivated meat sector would 
follow the same trajectory as the conventional meat one, 
which is already subject to corporate concentration. However, 
a more diverse approach seems likely for cultivated meat. 
The technology of cellular agriculture can be part of rural 
farming where small herds of animals are allowed to graze 
and root while at the same time serving as cell-stocks for local 
meat production. In addition, instead of focusing on selective 
breeding for high productivity, there would be room to keep 
more robust and healthy traditional breeds.34

The concept of “the pig in the backyard” visualises this 
farming approach: it refers to the possibility of a highly 
localised meat production where consumers can visit the cell 
farms and meet the local cell-donor animals, a combination of 
high welfare animal farming and cultivated meat production. 
Moreover, it has the potential to reverse the general public’s 
alienation from animals and food production. Interestingly, 
van der Weele and Driessen note that people’s initial 
perception of cultivated meat as “unnatural” or “artificial” led 
to a discussion about the unnatural conditions under which 
animals in industrial meat production are raised.35 Heideman 
et al. found increased willingness to eat cultivated meat when 
people were made aware of the animal welfare benefits, as 
well as of the environmental ones.36 

While localised cultivated meat production can work from a 
technological perspective, production costs and competition 

from conventional meat could be a challenge. Not only must 
cultivated meat become economically viable but the cost of 
conventional meat must also significantly increase.37 Heideman 
et al. consider two main scenarios under which animals in the 
remaining conventional meat production could be held by the 
year 2040. In the first scenario farm animal welfare decreases 
due to the pressure for low-cost conventional meat to compete 
with cell-based meat. In this scenario there is an increase in 
the overuse of antibiotics due to deteriorating animal welfare. 
There is also the related risk that cultivated meat could only 
add on to the overconsumption of animal protein. Thereby it 
would not lead to any positive effects on animal welfare, public 
health and the environment.38

In the second scenario, farm animal welfare increases due 
to a demand for high-quality conventional meat that meets 
high animal welfare standards. In this scenario, conventional 
meat from these high welfare systems is sold as a premium 
niche product and cultivated meat dominates in the low-
price segment. Conventional meat would become a more 
expensive luxury product for which consumers are willing 
to pay premium prices. This would allow for animal welfare 
improvements in conventional meat production, such as 
outdoor systems, more room per animal, possibilities for 
social contact, exploration, nesting and playing, and other 
behaviours that can lead to positive mental experiences. In 
this second scenario, developments to further strengthen the 
animal welfare legislation become possible.42

Considering the social and ethical effects of cultivated 
meat, Heideman et al. hypothesize that cellular agriculture can 
increase people’s awareness of animal sentience and welfare. 
The arrival of cultivated meat will show that meat production 
is possible without the need of confining, transporting and 
killing animals. Subsequently it may lead to stronger public 
demands for stricter animal welfare legislation. The public will 
show less tolerance for the keeping of animals in high-density 
indoor systems.43

Advancements in scientific knowledge about the emotional 
needs and cognitive abilities of animals are already affecting 
our view of animal welfare legislation.44 From a previous focus 
on the Five Freedoms, a framework that seeks to mitigate 
suffering, the Five Domains model is attracting increasing 
attention as a scientifically based model of animal welfare 
assessment that also promotes the importance of positive 
mental experiences for the welfare of an animal. Positive 
mental experiences may include opportunities for the animal 
to explore the environment, to scratch or root for food as well 
as social interaction with other animals, and other experiences 
that give the animal pleasure and a sense of control.45 The 
advancement of the Five Domains model would fit well with 
the hypothesis by Heidemann et al. that cultivated meat can 
lead to the public starting to demand higher levels of animal 
welfare.46
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For cell-based meat to be able to play this positive and 
transformative role in a healthy and sustainable food system 
that connects improved animal welfare to human health, 
several policy reforms are needed. A recent report by FAO, 
UNDP and UNEP concludes that current financial support to 
animal production, including in the EU, is an obstacle to the 
shift to healthy, sustainable food systems.47 The externalities 
of conventional meat production in terms of animal welfare, 
human health and environment are significant. Incentives 
for less damaging food production are needed as well as a 
rebalancing of current agricultural subsidies. 

Firstly, Stephens et al. suggest a system of true cost accounting 
as a means to reflect the societal costs of different types of food 
production. Exposing the true costs would make the differences 
between cell-based meat and conventionally produced meat 
visible with regards to the use of land, contribution to pollution, 
as well as impact on animal welfare and antibiotic use in animal 
agriculture.48 Secondly, although cultivated meat is increasingly 
attracting public research funding, the investments have mainly 
come from the private sector.49 Governmental investments in 
research that is published with free access is important to make 
cellular technology available to small-scale farmers and local 
food producers.50

Apart from the benefits for animal welfare, a reduction in 
the number of animals raised for food is not only needed for 
staying within the planetary boundaries, it is also an effective 
way of reducing antimicrobial resistance.51 The transition to 
a sustainable food system, sprung from the recognition that 
human health and well-being are deeply interconnected with 
animal welfare and the environment, will require substantial 
changes in how we treat animals. The EU’s Farm to Fork strategy 
is based on this interlinked understanding in its strive to improve 
animal welfare and thereby also fight antimicrobial resistance. 

The Farm to Fork strategy also notes that we need to shift to 
more plant-based food  and reduce the consumption of red 
meat to achieve a healthy and environmentally-friendly food 
system.52 The question remains if we really need cultivated 
animal products as the plant-based meat alternatives are 
both improving and becoming more and more available. 
However, while plant-based alternatives appeal to many 
people, Bryant and Sanctorum argue that we need multiple 
approaches as cultivated meat tends to appeal to those 
who desire meat from animals and are not satisfied with the 
plant-based alternatives.53

 In order to mitigate climate change and fight antimicrobial 
resistance, we will need a range of approaches, and a 
fundamental systemic change to address the interlinkage 

between human health and animal welfare. The arrival of 
cultivated meat can create new possibilities for improving 
animal welfare and decrease the overuse of antibiotics in 
animal agriculture. Cellular agriculture should be seen as one 
piece in the puzzle of the food system transformation.

I am grateful to Alex Holst, Policy Manager at The Good Food 
Institute Europe, for providing helpful comments.
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