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Eating meat has been the aspiration for an enjoyable and nu-
tritious meal in most cultures and during most times for at least
as long as there are written records, and likely far back to the
earliest days of our genus some 2 million yr ago. Nonetheless,
history also indicates that there has been frequent and prom-
inent advice to abstain from meat or even prohibit its consump-
tion, for cultural, spiritual, nutritional, or economic reasons.
The societal debate around the value of meat is neither new
nor has it been dispassionate. Science has been a participant
in this debate from early on as well. While Pythagorean com-
munities abstained from meat based on reincarnation theories,
Aristotle came to the reasoned conclusion based on everything
that he knew about 2,300 yr ago: “The tame animals are for the
use and nourishment of mankind, while the wild ones, if not all,
most of them, are on account of nourishment and help, in order
that clothes and other tools come to be from these. And therefore,
if nature does nothing in vain or without a purpose, it is necessary
that nature made all of these on account of humans” (Aristotle,
Politics, 1256b10-22). It is therefore fair for every generation to
reask this question considering the best and most recent scien-
tific evidence available: should eating meat in sufficient portions
be a common and important part of the standard human diet?

This Special Issue of Animal Frontiers aims to provide a
synopsis of answers which represent the currently available
best scientific evidence. The answers are given on major con-
siderations pertaining to eating meat, including its impact on
human nutrition and health, environmental sustainability,
economic affordability, and ethical justification. To this end,
we invited a broad group of leading international scientists
to interpret the scientific evidence for the benefit of making it
accessible to the communities of policy makers, industry prac-
titioners, journalists, common consumers, and fellow scientists
alike. Our request of the authors was not to reflect on the most

© Ederer, Leroy

This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any me-
dium, provided the original work is properly cited.

https://doi.org/10.1093/af/vfac098

granular levels of current scientific argumentation on each of
these topics. That would have been impossible and would never
do justice to the quality and intensity of these debates within
the scientific community. Instead, we asked them to derive what
can be robustly learned and has most societal significance, from
the scientific evidence as it currently stands.

As guest editors of this Special Issue, we wish to emphasize
our trust in the value of scientific debate, and in the ongoing
questioning and challenging of what may appear as common
knowledge or as an established paradigm. Science progresses
by asking questions more so than by providing answers. We
take Karl Popper’s epistemology as a guide, so that at best, we
can know what is not true. Similar principles characterize this
Special Issue: we appreciate and ask for debate on how to in-
terpret the scientific evidence; we decidedly reject torturing the
data until it confesses to a desired outcome; we want to nei-
ther suppress the inherent complexity of the subject; nor do we
want to hide behind it.

Livestock and Human Health

As it is often argued that the eating of meat is justified by
its contribution to the nutritional needs of global popula-
tions, we felt that this was the first key element that needed
to be confronted with scientific evidence. The opening article
of this Special Issue, “The role of meat in the human diet:
Evolutionary aspects and nutritional value” (Leroy et al.,
2023), initiates the discussion with the following questions:
1) is meat indeed to be considered as a meaningful part of the
species-adapted diet of humans; 2) are there nutrients that can
become compromised when abstaining from meat; 3) how does
meat contribute to the supply of these nutrients globally; and
4) which risks may be created by a large reduction in meat con-
sumption? The article demonstrates that Homo sapiens evolved
to be persistent and frequent meat eaters, so that it can be as-
sumed that meat is at least compatible with human anatomy
and metabolism. Moreover, given that meat represents a high-
quality food matrix for digestibility and absorption of a broad
spectrum of nutrients, several of which being already limiting
factors in diets worldwide, it seems fair to state that the dietary
role of meat is not straightforward to replace. In fact, popula-
tions that have scant access to meat tend to suffer from the typ-
ically expected health problems associated with low intake of
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specific micronutrients found in meat, or from deficient quality
protein intakes. To sum up, the regular consumption of meat
appears to bestow multiple and important nutritional benefits.

Whereas the above-mentioned arguments speak in favor
of some meat consumption, they tell us little about optimal
or maximum intake levels. The corresponding question to the
health benefits is whether there are also health risks in eating
meat (in particular with respect to red and processed meats and
their impact on noncommunicable diseases), and at what dos-
ages such risks may be incurred. Experts in this domain took
up the challenge in their article “Non-communicable disease
risk associated with red and processed meat consumption —
Magnitude, certainty, and contextuality of risk” (Johnston
et al., 2023). Based on GRADE methodology, the international
standard for evidence-based health recommendations, it was
concluded that causality assumptions are of low to very-low
certainty only. Claims for further meat restriction below the cur-
rent intake levels are mostly made based on associative correl-
ations obtained from some observational studies, which suffer
from potential bias and residual confounding. Such claims are
quite open to interpretation and do not seem sufficient to merit
strong public policy action. Even if such risks materialize, they
would be trivial (from an absolute risk perspective) and depend
on interindividual differences, preparation methods, and the
quality of the background diet. Because of the heterogeneity
in types and degree of processing and the potential concomi-
tant formation of harmful compounds, precaution may be
warranted for the intake of processed meats beyond reasonable
levels. Taken together, reducing meat consumption may back-
fire as it could further undermine nutrient security, especially in
populations with elevated needs.

Livestock and the Environment

Apart from the individual health situation, humanity also
faces a collective risk. The human species has become so per-
vasive on Earth, that its activities may be harming biodiver-
sity and the capacity of natural resource cycles (e.g., water,
carbon, phosphorus, and nitrogen) to maintain themselves
within stable limits. Being mediated naturally, to some extent,
via the large resource pools of oceans, atmosphere, natural bio-
sphere, and land surface, these cycles could strongly alter other
biological cycles, possibly resulting in rapid climate change or
other natural phenomena. Livestock agriculture has its role to
play: the animals from which meat (as well as dairy, eggs, hides,
manure, etc.) is gained are not only numerous by themselves,
but also consume significant amounts of agricultural resources.
A crucial question then is whether these livestock systems con-
sume more resources than sustainable circulatory ecosystems
can afford.

To address this, we asked specialists in the domains of agri-
culture and (agro-)ecology to provide us with their perspec-
tive in their article “Ecosystem management using livestock:
embracing diversity and respecting ecological principles”
(Thompson et al., 2023). Ultimately, the answer depends on
what is the desired end state of an ecosystem. If the aspiration

is to return to a state of Nature nearly untouched by Homo,
this must be dismissed as illusionary, arbitrary, and argu-
ably impossible. The latter is not only because it is far beyond
human technological means, but also because human impact
has altered the Earth already so much, that the clock cannot
be turned back (assuming there was even a consensus to which
time it should be returned: 500, 5,000, or 50,000 yr back). More
realistically, an end state should be sought in which the resource
cycles can be reasonably stabilized and where today’s remaining
biodiversity can be sustained and ideally improved. Such an
endeavor will most likely have to include very large tracts of
savannah-type landscapes in the temperate climate zone lati-
tudes, neither forested nor deserted, as these were the default
setting in which much of today’s biosphere evolved (including
Homo sapiens). These landscapes cannot be reinstated without
large-scale intervention by (human-managed) ruminant herds.
Another argument for the role of animals, both ruminants and
monogastrics, is that they are essential to optimize and valorize
crop agriculture in food-generating ecosystems. Even if feed—
food competition needs to be further mitigated and balanced
according to nutritional requirements globally, plant-based
production does not only lead to human-edible food, but also
large amounts of inedible biomass. Livestock are the most
likely viable option to return the nutrients captured in this bio-
mass back into the natural cycle, while producing high-quality
human-edible food. Moreover, the amount of crops and the
surface they need would have to expand to compensate for re-
ductions in animal-sourced food (and the highly bioavailable
nutrients it contains). The outcome of unintended economic,
social, and environmental consequences when abandoning live-
stock could prove catastrophic to the already shaky ecological
balance of the resource cycles and the remaining natural cap-
ital. In short, human-managed livestock systems must be part
of the solution to environmental sustainability.

If the above scenario based on the sustainable integration of
animal and plant agricultural is a possible desired end state, this
next question follows: how much of what type of agriculture
and livestock system needs to be practiced where, to achieve
optimal land use and a sustainable food system? Further:
would such a scenario be capable of producing enough meat
to satisfy the potential demand which a global population of
soon enough 10 billion people would want to eat, given the nu-
tritional benefits described above? We consulted experts in the
more quantitative aspects of food system transformation, and
they do not think that this answer can readily be given. In their
article “Challenges for the fair attribution of livestock’s envir-
onmental impacts: the art of conveying simple messages on
complex realities” (Manzano et al., 2023), it is shown that our
understanding of the critical resource cycles and pools is still
too underdeveloped to estimate the sustainable carrying cap-
acity of the Earth for livestock of all the various species. What
we do know with certainty is that the accounting systems that
are currently used to describe the impact of livestock systems
on the resource cycles have important limitations. This is not
necessarily problematic, if these limitations are well acknow-
ledged and reductionist tunnel vision is avoided. At the same
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THE SOCIETAL ROLE OF MEAT

A: Key quotes from articles in this Animal Frontiers Special Issue:
“Livestock is the millennial-long proven method to create healthy nutrition and secure livelihoods, a wisdom deeply embedded in cultural
values everywhere” - The Dublin Declaration of Scientists

“.... Everybody eats! This fundamental truth combined with the “....Meat supplies high-quality protein and various nutrients, some of
outstanding nutritional properties of animal-based foods, directly which are not always easily obtained with meat-free
establishes the case for meat science to be taught in diets and are often already suboptimal or deficient
conjunction within human nutrition, food science in global populations....” - Leroy et al.

and medical disciplines....” - Polkinghorne et al. " e
....When meat consumption is part of healthy

dietary patterns, harmful associations in the
statistical analysis tend to disappear,
suggesting that risk is more likely to be
contingent on the dietary context rather
than meat itself....” - Johnston et al.

The Dublin Declaration
“...Despite over a billion of dollars being of Scientists
invested in cellular agriculture, there are
significant technical, ethical, regulatory and
commercial challenges to getting these
products widely available in the market.”

- Woods et al. “...Livestock are an indispensable

instrument in ecological management
towards environmental protection, and to
create and sustain the multiple circular flow
of materials in the soils, water bodies and
atmosphere....” - Thompson et al.

“....To deprioritize human rights to food
(especially considering the urgency of

meeting global protein needs) today in favor
of animal rights and current and future
environmental protection is neither defensible

nor necessary....” - Croney et al. SIGNATURES
“....Environmental assessments of the livestock

“....Expanding animal production output is the most sector are all too frequently stated in simplistic terms,
readily available way to nourish the world sufficiently in the making use of a myopic selection of metrics, and overlooking
future....” - Ederer et al. underlying heterogeneity and complexities....” Manzano et al.

*as of 04 April, 2023 (www.dublin-declaration.org)

B: The biomass flow analysis of the global food system reveals that out of 19.0 million kilotons of harvested plant material in 2020, only 4.2
mil kt became edible food. The other 14.8 mil kt were mostly inedible by-products. Of these 5.9 mil kt were fed to animals, and the remainder
largely became various forms of waste or fuels. Out of 5.3 mil kt of food, 21% (1.1 mil kt) were derived from animals. Most of the pasture
production of 4.5 mil kt (dry matter) is essential for maintaining the ecological balance of those biome systems. (Source:
https://goalsciences.org/planet-food-system-explorer )

‘ Biomass flow (million kilotons) ‘ Bioavailable protein flow (mil. kt)
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bioavailable protein, reveals the
importance of animals: 56% of global
bioavailable proteins in foods, derived
from animals in 2020. In high-income
countries this ratio was 74%, and in
low-income countries, it was 31%.
Animals are similarly essential for
many other critical micronutrients of
vitamins, minerals and oils.
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time, we should also strive to develop and operationalize better
metrics where feasible. This disclaimer applies to all aspects
of the natural resource cycle, for instance where the impacts
of ruminant’s methane emission on the carbon cycle in the at-
mosphere and the soils are estimated, where nitrogen cycles are
measured or where the water cycles are being evaluated. Little
good can be expected from such impact estimations if the ac-
counting systems are not updated to the current state-of-the art
knowledge, and if important gaps in empirical knowledge are
not swiftly filled with committed research efforts. To achieve
the holy grail of holistic, transparent, and fair metrics, sci-
entists from a variety of disciplines and representing a broad
range of views and skills need to work together.

Livestock and Socioeconomics

The first four articles in this special issue cover the basic re-
quirements for ensuring human nutritional and agro-ecosystem
health. Meeting these basic requirements will require coordin-
ated effort in the food system value chains and greater capital
investments. In 2017, the cheapest price for a basket of food
items, including animal-sourced foods, that satisfy the min-
imum nutrition required by an individual, was around three
purchasing power parity adjusted U.S. dollars per person per
day in most countries, an amount not affordable to about 40%
of the global population. Due to the COVID-19 pandemic, the
Ukraine crisis, and strong inflationary forces, this percentage
is likely to have increased by 2022. The article “Affordability
of meat for global consumers and the need to sustain invest-
ment capacity for livestock farmers” (Ederer et al., 2023) main-
tains that all the long-term health and productivity harms that
undernourishment causes, is not only an avoidable human tra-
gedy but also a huge loss in economic opportunity. Expanding
animal production output is the most readily available way to
nourish the world sufficiently in the future. To achieve this,
today’s livestock production processes must become more ef-
ficient, leading to more affordable consumer prices of meat,
milk, and eggs, which would be a key contribution to making
sufficiently nutritious food universally available. Not the only,
but one of the key necessary conditions for such a future will
be large investments to build livestock food systems that are
environmentally sustainable as well as nutritionally adequate.
With examples of the judicious policies and widespread adop-
tion of innovative livestock interventions reported on in this
issue, farmers, herders, agribusiness, and policy makers shall be
inspired that this is feasible.

More animals, being produced more cost-effectively, may
create ethical challenges for livestock keeping, both during
their life in terms of animal welfare, and in the inevitability
of their death to supply meat. We therefore must consider
the ethical dimensions as well. In their article “Is meat eating
morally defensible? Contemporary ethical considerations,”
Croney and Swanson (2023) deliberate that the case either
for or against meat on ethical grounds purely from the per-
spective of the animal is weak. Ethicists have been impaling
themselves in their debates on philosophical principles for

decades without much useful outcome. However, careful eth-
ical analysis shows that if meat is economically required to
provide for human health, and as long as substantial portions
of the global population cannot access sufficient amounts
of meat, then this shortfall has ethical primacy over consid-
erations of the conditions of the animals. As long as there
are human mouths to feed with meat and no better alterna-
tive in sight, then humans enjoy clear ethical priority over
the animal.

Is there an alternative looming on the horizon? Over a bil-
lion dollars are being invested in creating technologies based
on cell culture that promise to be able 1 d to produce a food
product equivalent to meat, but without the need to slaughter
an animal. The technology is to grow animal cells in a bio-
reactor, aiming to achieve a similar biological and nutritional
outcome as in traditional meat. Doing so at the required scale
would obviate the need to grow, feed, and slaughter animals.
The promise is also that the environmental burden of its pro-
duction would be lower than the burden of livestock pro-
duction. If the assumption is correct that this process will be
more cost-effective and have less-environmental impact than
today’s livestock systems, then the global nutrient gap could
eventually be closed in this way. These assumptions are cur-
rently far from realistic, argue Wood et al. (2023) in their art-
icle “*Cellular agriculture’: Current gaps between facts and
claims regarding ‘cell-based meat.”” The relevant technologies
are not new, and their history of several decades of research
as well as remaining technological issues suggests it may take
considerable time to overcome the hurdles while it is unclear
that the cost can be brought down sufficiently to become a
viable economic, nutritional, or environmental alternative to
farming animals.

Does all this mean that the meat sector requires no changes,
and that the global livestock and meat industry may continue
as it has all along? That is most unlikely. The twin challenges of
closing the global nutrient gap and achieving environmental sus-
tainability are large. More research is needed than ever before, in
all aspects of the sciences. This requires dedicated effort across
disciplines, and between the sectors of private industry, public
policy, governments, and scientific organizations. The Special
Issue ends with the article titled: “Challenges and opportunities
for defining the role and value of meat in our global society and
economy” (Polkinghorne et al., 2023) highlighting examples of
success of how more knowledge can be generated faster, and
thus deliver much-needed better solutions.

The Dublin Declaration of Scientists

As part of our overall effort, we formulated The Dublin
Declaration of Scientists (The Dublin Declaration of Scientists
on the Societal Role of Livestock, 2023). We invite all scien-
tists from around the world to support the Declaration by
signing it digitally, and thus give our science a voice that too
often is silenced. Instructions for the signature can be found at
www.dublin-declaration.org. The last paragraph of the Dublin
Declaration was taken from the text of the 2021 UN Food
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System Summit final documentation on Sustainable Livestock,
which we believe is a most appropriate statement to conclude
this editorial piece. It reads: “Human civilization has been built
on livestock from initiating the bronze-age more than 5000 years
ago toward being the bedrock of food security for modern so-
cieties today. Livestock is the millennial-long proven method to
create healthy nutrition and secure livelihoods, a wisdom deeply
embedded in cultural values everywhere. Sustainable livestock
will also provide solutions for the additional challenge of today,
to stay within the safe operating zone of planet Earth’s bound-
aries, the only Earth we have.”
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