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ABSTRACT

There are currently over 170 companies in the field of cultured meat (CM) which have attracted
over US$3 Billion in investments since 2019. The CM industry owes much of this success to the
many claims around environmental benefits and alleviating animal welfare concerns, while being
equally nutritious and as acceptable as conventional meat. This review aims to provide a much
needed discussion on the latest research findings concerning the nutritional and environmental
sustainability of CM and provide an evidence-based discussion around some of the challenges that
the industry faces today. Recent developments in the field have revealed that some of the
sustainability claims of the CM industry are overly ambitious and not supported by evidence.
Environmental assessments have revealed that CM production is highly energy intensive and its
environmental footprint can only be improved if renewable energy sources are used. In terms of
nutritional quality of CM, there are many unknowns and gaps in the knowledge that require
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investigation.

Introduction

The aim of the Paris Agreement was to restrict the rise in
the average global temperature from preindustrial levels,
with a primary target of keeping it “well below 2°C” and
striving for further efforts to cap the increase at 1.5°C
(Masson-Delmotte et al. 2022). The global food system con-
tributes about 30% of the greenhouse gas emissions every
year (Rosenzweig et al. 2020), with the meat sector account-
ing for about 15% of this impact (M. Clark et al. 2022).
Food-related greenhouse gas emissions can originate from
multiple sources such as deforestation, using fossil fuels in
food processing and supply chains, using agricultural chem-
icals, and the enteric fermentation in ruminant livestock
farming which produces methane (CH,) (M. A. Clark et al.
2020). While animal products make up approximately 18%
of the total calories and 37% of the protein in the average
global diet, based on a widely cited study by Poore and
Nemecek (2018), their environmental impacts are signifi-
cantly greater when compared to non-animal products
in diets.

However, the role of meat in the diet is more nuanced
than simply global average greenhouse gas emissions, calo-
ries and protein. It is a dense and globally important source
of many micronutrients (Smith et al. 2022), and average

consumption ranges from <10g to >100g per capita per day
in different global regions, with important implications for
its local impact on diet and greenhouse gas emissions (Miller
et al. 2022).

While dietary change away from animal-sourced foods
has been recommended by many (Willett et al. 2019), it is
important to note that dietary change is not the only solu-
tion for reducing food-related environmental impact. Other
strategies such as increasing efficiency of the production sys-
tems and reducing wastage can also be effective in lowering
such environmental pressure. In addition to these strategies,
another emerging avenue to mitigate food-related environ-
mental impact is the development of low-impact novel food
products, which has garnered substantial attention and
investment in recent years.

Cultured meat (CM), also known as lab-grown meat,
cell-based meat, or cultured meat, is meat produced by
laboratory-based cultivation of animal cells, rather than from
whole animals. It involves taking a small sample of animal
cells and then growing them in media that supplies essential
nutrients for cell proliferation. Cultivated cells are kept in
isolation in a controlled environment, such as a bioreactor,
to grow into tissue that is then harvested and processed into
meat products. While contemplated for many years, CM
became a reality in 2013 with the production of the first
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cell-based burger at a cost of US$325,000 (Fountain 2013).
Since then, there has been significant commercial investment
in this technology and the first licensed products have
reached the market (Carrington 2018). However, there
remains a range of nutritional, environmental, technical,
economic and consumer challenges if CM is to become a
viable option for consumption at scale (Wood et al. 2023;
Hocquette et al. 2025).

Cell lines for a wide variety of animal species have been
created and grown in specialized media at laboratory scale,
but moving to production scale has been challenging. The
original concept of growing muscle cells in single cell sus-
pensions and then inducing them to differentiate to form
muscle fibers has shifted to the production of a cell paste,
which is blended with plant-based material to form hybrid
products like burgers, sausages and dumplings.

The downturn in the market for alternative meat prod-
ucts has also raised questions about the size of the market
for CM and recent life cycle assessment (LCA) studies have
demonstrated that CM will be an energy intensive industry
(Risner et al. 2023; Sinke et al. 2023).

Motivated by the ongoing CM discussion and the appear-
ance of recent novel research in this area, this review out-
lines and discusses the technical, regulatory, environmental,
nutritional and broader sustainability challenges presently
facing CM, with the intention of generating productive dis-
cussions on the role of CM in the future of the global
food system.

Scalability and technical challenges

The major technical challenge with CM is to scale up man-
ufacturing from bench scale to thousands of liters, at a cost
that will allow the products to compete with conventional
meat products (Wood et al. 2023). In the biotechnology
industry, the maximum scale of cell culture for monoclonal
antibody production is around 20,000L (E. A. Specht et al.
2018) and the industry has had decades to optimize the cell
lines, growth media and bioreactor designs. For CM the
major costs are culture media, capital costs for both equip-
ment and facilities and operating costs (Wood et al. 2023).

However, CM production at scale will require long con-
tinuous sterile culture periods, as any contaminating bacteria
or fungi would quickly overgrow the mammalian or avian
cells, which have a doubling time of around 24h (FAO and
WHO 2023). On the contrary, some companies have sug-
gested that CM will not need to use the sophisticated clean
rooms that the pharmaceutical industry uses with filtered
air, positive pressure rooms and specialized clean surfaces,
which are required to maintain sterile working conditions. It
should also be noted that the use of antibiotics in the media,
a common practice to control bacteria growth in non-foods,
will not be allowed with a food product (FAO and
WHO 2023).

In various parts of the cell production cycle, bovine
serum (BS) is used to promote cell viability and growth.
However, many CM companies aim to remove BS as it is
clearly desirable from a marketing perspective to claim that

no animals were slaughtered as part of the manufacturing
process. BS is also expensive, so the use of serum free media
is likely to be standard practice for CM (Chen et al. 2022).
However, the serum free alternatives available on the market
have shown suboptimal performance and may not be com-
patible with all cell lines (Kolkmann et al. 2020). The final
volume of media required to produce a kilogram of CM is
unknown, however it is likely to be over 20L/kg, with
reports of the yield of cells being in the range of 3-6g/L of
media (Sinke et al. 2023). Therefore, cost of the culture
media, which is currently viewed as one of the major cost
for production of CM (Garrison, Biermacher, and Brorsen
2022), will need to be less than US$1/L to manage costs.

The overall cost breakdown for CM has been estimated
by modeling future production systems in two previous pub-
lications: Garrison, Biermacher, and Brorsen (2022) and
Humbird (2021). These studies estimated the best case sce-
nario for CM production at US$63/kg (Garrison et al. 2022)
and US$25/kg (Humbird 2021), both assuming optimistic
technology advancements.

Garrison et al. (2022) argued that facility costs are likely
to be the major component of cost due to depreciation on
capital, followed by culture media and operating expenses.
In a report commissioned by the Good Food Institute (GFI),
they estimated that the cost of production would need to be
reduced over 1000-fold to be competitive (Sinke et al. 2023).

The scalability and technical challenges facing CM are
significant. It is as yet unclear when a viable, cost-effective
alternative to BS will be available; nor is the extent to which
pharmaceutical (and more expensive) practices will need to
be adopted to maintain product quality. These challenges
come with significant associated costs, which leave the pro-
duction of CM far from competitive with conventional meat
production for the foreseeable future.

Regulatory challenges and labeling

The first CM product available to the public was approved
by the Singaporean authorities in 2020 (Ives 2020), but it
has taken over three years for a second product to be
approved. There are now five products approved in three
countries, with the USA and Israel also granting approvals
(Table 1). The major issue for regulatory authorities in
reviewing these new types of food products is safety for
human consumption (Post et al. 2020; Guan et al. 2021).
However, a joint FAO/WHO (FAO and WHO 2023) report
concluded that while there were over 50 potential health
risks associated with CM, the overall risk was not greater

Table 1. Registered CM products at the time of writing.

Country Company Registration date Product
Singapore Good Meat December 2020 Chicken-hybrid 70/30
USA Good Meat July 2023 Chicken

USA Upside Foods June 2023 Chicken fillet

Israel Aleph Farms January 2024 Beef-thin-cut steak
Singapore Vow April 2024 Japanese quail

Hong Kong® Vow November 2024 Japanese quail

3Special Administrative Region of China.



than that seen with conventional meat products (FAO and
WHO 2023).

It is expected that additional approvals will be granted in
Australia/New Zealand, Korea, China and Canada in the
coming years, however the lengthy and costly regulatory
processes are a concern for this new food sector (Guan
et al. 2021). In Europe the path to registration for CM will
be difficult as strict legislations, such as authorizing and
labeling genetically engineered products, are in place (see
Post et al. 2020 for an overview of the European regulatory
system).

Labeling of CM has been controversial, with Italy, France
and the states of Florida, Arizona and Alabama in the USA
moving to ban these products due to concerns around the
use of the term “meat” (Nowell 2024). With the majority of
CM products being hybrid products, meaning that cultured
cells are blended with plant-based material in the final prod-
uct, there will also be a question around what percentage of
cultured cells will determine use of the term “meat” on
the label.

While these challenges are more surmountable than the
technical and scalability challenges, they should be expected
to delay or prevent the commercial availability of CM in
many parts of the world.

Environmental impact of cultured meat production

The environmental impact of food production and supply is
under justified examination, due to the food system’s major
role in environmental harms (Poore and Nemecek 2018;
Willett et al. 2019). Thus, any new technology in the food
system must be considered on its environmental impact, as
well as its other qualities such as contribution to human
nutrition and cost. The environmental impact associated
with the production and consumption of foodstuffs can be
quantified using life cycle assessment (LCA). There are six
peer-reviewed LCA studies on CM to date, and one pre-print
(not yet peer-reviewed). These studies are listed in Table 2.

The first LCA of CM was published by Tuomisto et al. in
2011, followed by another study by the same researchers
Tuomisto, Ellis, and Haastrup (2015) and a third study by
Mattick et al. (2015), all conducted before the establishment
of the first CM companies. Further studies have emerged
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since, some able to utilize commercial or pilot scale data for
greater accuracy (although this data is confidential, reducing
the transparency of the study) (Sinke et al. 2023). The scope
of environmental impact indicators covered in these studies
is broad: climate change, energy use, land use, and water use
are the most common, but others extent to additional aspects
of environmental pollution and impacts on human health. A
list of various environmental impact indicators used in each
study is available in Table 2.

It should be noted that most studies (in line with com-
mon practice in the LCA literature) did not consider the
environmental impact associated with building facilities or
the downstream processes such as packaging, thus the results
of these studies should be seen as indicative of process-only
impacts (World Resources Institute & World Business
Council for Sustainable Development 2011).

Based on these studies, the most notable environmental
impacts of CM are the energy requirements and the green-
house gas emissions (which are largely a result of energy
demand), with water use also of concern in some studies
(Tuomisto and Teixeira de Mattos 2011; Mattick et al. 2015).
A comparison of footprints calculated in each study is shown
in Figure 1 for selected impacts; a more complete compari-
son can be found in the Supplementary Material of Sinke
et al. (2023).

A clear upwards trend is notable in the footprint esti-
mates over time (Figure 1), with the estimated greenhouse
gas emissions and energy use per kg of CM rising notably
in more recent publications, for which increased understand-
ing of and availability of data on CM production was avail-
able. Studies have also become generally more comprehensive
in their analysis of the production process and in their sen-
sitivity analyses on the influence of key parameters, such as
energy grid generation profile, final titer, protein yield from
sugar, on final footprints, which accounts for the greater
variation between upper and lower estimates in more recent
studies. As calculated by Poore and Nemecek (2018), the
footprints of conventionally produced meat also vary sub-
stantially between production systems.

Care must be taken when comparing estimates, both
between CM and conventionally produced meat, and between
CM estimates themselves as these estimates can vary based
on the underlying data used and the assumptions made. The

Table 2. Summary of life cycle assessment (LCA) studies conducted on cultured meat (CM) production. *Denotes the study that is only available as a pre-print,

not yet peer-reviewed.

Authors (year) System boundaries

Functional unit

Environmental indicators

Tuomisto and Teixeira de Mattos (2011)
Tuomisto, Ellis, and Haastrup (2015)
Mattick et al. (2015)

Cradle to facility gate
Cradle to facility gate
Cradle to facility gate

Smetana et al. (2015) Cradle to plate

Tuomisto, Allan, and Ellis (2022) Cradle to facility gate 1kg of CM
*Risner et al. (2023) Cradle to facility gate 1kg of CM
Sinke et al. (2023) Cradle to facility gate  1kg of CM

1000kg CM

1000kg CM

1kg Chinese hamster
ovary biomass

1kg ready to eat meat

Energy use, climate change, land use, and water use

Energy use, climate change, land use, and water use

Energy use, global warming potential, eutrophication potential,
and land use

Energy use, climate change, eutrophication

Cumulative energy demand, water consumption, terrestrial
acidification, global warming potential, ozone formation, land
use, freshwater eutrophication, fossil resource scarcity, and fine
particulate matter formation

Smog, acidification, respiratory effects, non carcinogenic,
ecotoxicity, global warming potential, ozone depletion,
carcinogenics, eutrophication fossil fuel depletion

Energy use, climate change, land use, water use, particulate
matter, terrestrial acidification, freshwater eutrophication, ozone
formation, fossil resource scarcity, cumulative energy demand,
feed conversion ratio, greenhouse gas emission profile
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Figure 1. Implications of cultured meat production for (a) greenhouse gas emissions (CO,-equivalent per kg), (b) energy use (MJ per kg), (c) land use (m?a), and
(d) water use (m?) as calculated by existing life cycle assessment publications displayed in each graph. For each study, a minimum (best-case scenario) and a
maximum (worst-case scenario) value are shown. Data for conventional beef and poultry were adapted from Poore and Nemecek (2018) (does not apply to energy
use). *Denotes the study that is only available as a pre-print, not yet peer-reviewed. Dashed arrows represent a break in the graph.

functional unit for each study was standardized here to 1kg
of meat after being harvested at facilities prior to being
packaged or processed, except in Smetana et al. (2015)
where the functional unit represents the end product at the
point of consumption. It should be noted that the uniform
functional units used in these studies do not imply equiva-
lence between these products. For example, the nutritional
profile of poultry meat and beef is quite distinct, in terms
of protein content, protein composition, and digestibility, as
well as the micronutrient composition, which is almost cer-
tainly also true for CM (see next section). Studies also dif-
fered in whether the footprint was calculated at point of
production or point of consumption (post cooking). Many
techniques exist for conducting nutritional LCA, as discussed
in a recent FAO report (McLaren et al. 2021), such as the
integration of single nutrients or nutrient metrics into the
functional unit. The correct approach must be determined
by the circumstances of the comparison: if protein powders
are being compared, then comparing on the basis of digest-
ible protein may be sufficient, whereas if two complex foods
with diverse nutritional contributions to the diet are com-
pared, a more comprehensive nutritional metric would be
necessary. The comparison of CM with conventional meat
on a mass basis is acceptable, provided the limitations of
this functional unit are acknowledged.

For the environmental impacts beyond energy use, green-
house gas emissions, and water use, generally publications
find that CM has a lower footprint than conventionally pro-
duced meat. It is also important to consider the tradeoffs
between different impact categories. Smetana et al. (2015)
provided an aggregated score across multiple categories,
which found CM to have the poorest performance compared
to conventional meat, plant proteins, and other novel protein
technologies. However, comparisons across multiple catego-
ries are subjective, and it is likely more valuable to consider

categories individually, and on a local basis. For example, of
the existing studies only Tuomisto, Ellis, and Haastrup
(2014) considered water scarcity, which can be a more
meaningful metric than total water use as it captures the
local availability of water (Boulay et al. 2018) and has been
applied in prospective LCA of other novel food products
(Behm et al. 2022). Locality can also be useful for under-
standing transport emissions and local energy generation
profiles.

All studies cited the challenges of uncertainty in the data
used, due to emerging nature of CM. These uncertainties
were addressed via sensitivity analyses, and also provide ave-
nues for the potential improvement of CM footprints. The
most commonly highlighted were a shift to renewable
energy, greatly reducing the carbon footprint of the CM pro-
cess by decarbonizing the electricity source, and improve-
ments to the sourcing of culture media. These potential
improvements are captured in the lower estimates of foot-
prints in each publication (Figure 1).

Since there are no large-scale CM facilities, all the envi-
ronmental assessments available to date are based on projec-
tions and assumptions, hence often referred to as anticipatory
LCAs. A challenge inherently involved in such assessments
is to keep the balance between representation of the current
state of affairs and predicting how the future commercial
process may diverge. Greater availability of data on commer-
cial CM production would greatly improve the quality of
CM LCA, but this only appears likely if research is at least
partially publicly funded (Zimmermann et al. 2022).

Nutritional challenges facing the cultured meat
industry

A key tenet in the CM industry is the potential for their
products to deliver a nutrient profile comparable to that of



conventional meat (Fraeye et al. 2020). However, little is
known about the nutritional characteristics of CM and to
the best of author’s knowledge, there is no publicly available
nutritional profile for such products.

What is evident though is that the nutritional composition
of CM will not inherently be identical to the conventional
products without fortification. For example, vitamin BI12,
which is known to be predominantly found in meat and dairy
(Obeid et al. 2019), will not be present in the CM products
unless added to the culture medium or to the final CM prod-
uct. This is since vitamin B12 is synthesized by the microor-
ganisms present in the digestive tract of the animals and then
translocated to the muscle tissues (Fraeye et al. 2020). A vita-
min of microbial origin cannot naturally occur in the
microbe-free conditions suitable for growing mammalian cells
and must be added to the culture media as an individual
ingredient. It should be noted that B12 is usually added to the
growing media due to its role in enhancing cell proliferation
(L. Specht 2019), not necessarily for its nutritional benefit.
This raises the question of how efficiently the cultivated cells
will uptake B12, the optimum B12 concentration in the media
and the degree to which the absorbed B12 will be bioavailable
to consumers. Similarly, suitability of CM as a fortification
vehicle must be evaluated if CM is to be enriched with B12
after harvest.

In addition, CM products are commonly derived from
fibroblasts, because these tissues require minimal inputs to
grow, hence are optimal for CM production (Pasitka et al.
2023). However, a fibroblast-based product would be devoid
of fatty acids due to the absence of other cell types. Some
fatty acids are known to possess health benefits (Pereira and
Vicente 2013) as well as improving sensory attributes of
meat (Starowicz, Kubara Poznar, and Zielinski 2022). For
CM to contain fatty acids, the presence of fat cells or adipo-
cytes is necessary. Such cells need to be cultivated indepen-
dent of the muscle cells and then added to the CM product.
It has also been suggested that muscle fiber and fat cells can
be co-cultured when adult skeletal muscle stem cells known
as satellite cells are being used (Rasmussen et al. 2024).
Alternatively, plant-based fatty acids might be utilized in
hybrid CM products (Fraeye et al. 2020). Such products are
expected to have different nutritional characteristics depend-
ing on the formulation and the biochemical attributes of
each ingredient, thus deviating from the nutritional profile
of conventional meat.

Another important aspect in assessing nutritional value of
CM is protein quality. Although CM is assumed to mimic
animal-derived protein, the protein quality of these products
has not yet been thoroughly studied. So far, the only study
that has considered protein quality in CM is by Smetana
et al. (2015), in which the authors assumed a Protein
Digestibility Corrected Amino Acid Score (PDCAAS) of 0.92
for cultivated beef, matching that of conventional beef
(Hoffman and Falvo 2004). This is a fair assumption in the
absence of specific data, however protein quality scores such
as PDCAAS and Digestible Indispensable Amino Acid Score
(DIAAS) are typically determined through laboratory-based,
animal and/or clinical assessments of protein sources to
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evaluate their amino acid composition and digestibility
(Adhikari et al. 2022). Depending on the protein content
derived from cultivated cells, cell lines used, culture media
composition and any other changes made through process-
ing, quality of various types of CM may vary as a source of
protein.

On the other hand, postmortem biochemical changes can
significantly affect digestibility of animal-derived proteins
(Kim et al. 2020). Upon slaughter, muscles in a farm animal
undergo a complex biochemical transformation into meat.
These changes are influenced by the architecture and integ-
rity of the skeletal muscle cell, as well as by various events
that modify these proteins and their interactions. Notably,
processes such as protein degradation and oxidation play
crucial roles in altering both the proteins themselves and the
tenderness of the resulting meat. The intracellular environ-
ment emerges as a significant factor governing these pro-
cesses. As a result, the biochemical nature of meat is vastly
different from the pre-slaughter muscle tissues (Huff
Lonergan, Zhang, and Lonergan 2010). It is fair to expect
that, in the absence of such processes and in isolation from
other tissues, the cultivated muscle tissues will behave differ-
ently. Whether this will be a positive, negative, or neutral
change for the nutritional quality of the product is unclear
(Kim et al. 2020). Further research is required to Dbetter
understand the quality of CM as a source of protein and to
establish its protein quality metrics such as DIAAS and
PDCAAS, which will only be possible with the participation
of CM companies to supply product for analysis.

How does CM fit into sustainable diets?

Sustainable healthy diets are “dietary patterns that promote
all dimensions of individuals’ health and well-being; have
low environmental pressure and impact; are accessible,
affordable, safe and equitable; and are culturally acceptable”
(FAO and WHO 2019). Thus, CM must be an affordable,
acceptable, nutritious, and have a modest environmental
impact if it is to fit into future diets. Examining CM across
this range of factors is challenging given the limited data
currently available, but has been attempted through diet
modeling.

To understand how novel foods, including CM, fit into
the future sustainable diets, Mazac et al. (2022), conducted
a dietary optimization study using a linear programming
approach. Linear programming is a mathematical method
used in many dietary optimization studies where researchers
aim to find the best combination of foods to satisfy one or
more goals such as reducing environmental impact or
achieving dietary nutrient adequacy (Wilson et al. 2013). In
this study, nine novel food products including ovalbumin,
mycoprotein, microbial protein, microalgae, kelp, insect
meal, cultured milk, CM and cloudberry culture, were exam-
ined for inclusion in diets optimized for global warming
potential (GWP), land use and water use, while fulfilling
nutrient adequacy. Their results showed that in the absence
of animal-sourced foods, out of all nine novel food products
tested, insect meals and cultured milk were the foods
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predominantly selected in optimized diets. The largest con-
tribution of CM was reported when optimizing for water use
and even then it was selected in very small quantities (0.10g/
day). When insect meal, cultured milk and all animal
sourced foods were removed, CM was selected at 29 g/day,
under a water use reduction scenario. It is important to note
that the underlying environmental data in Mazac et al
(2022) study was adapted from Tuomisto, Allan, and Ellis
(2022) with some modifications. As elaborated in
“Environmental impact of cultured meat production” section
of this review, system boundaries in Tuomisto, Allan, and
Ellis (2022) did not cover the environmental impacts of
building the facilities and the stainless steel equipment.
Additionally, the underlying nutrition data was obtained
from the USDA Food Data Central database assuming that
the nutritional profile of CM matches that of conventional
ground beef. Such assumption is arguable, as discussed in
“Nutritional challenges facing the cultured meat industry”
section of this review.

Even subject to these caveats, which likely positively
impacted the likelihood of CM selection in optimized diets,
their contribution to these diets was small. This is reflective
of the nutritional profile and environmental credentials of
CM being poorly competitive with those of the other novel
foods trialed. To our knowledge the study by Mazac et al.
(2022) is the only study on the role of CM in sustainable
diets to date, and it omits many of the aspects of sustainable
diets (such as affordability and acceptability), it highlights
the importance of a holistic view of the place of CM in the
global food system: from production through to
consumption.

Sensory challenges and consumers’ acceptability

If the technical hurdles of scaling up CM production are
surmounted, the market success of CM will still rely on con-
sumer willingness to integrate these products into their diets.
Several studies have previously reviewed consumers accep-
tance of CM (C. Bryant and Barnett 2018; To et al. 2024) in
different parts of the world including Germany (Weinrich,
Strack, and Neugebauer 2020), Italy (Mancini and Antonioli
2019), United Kingdom, Spain, Brazil and the Dominican
Republic (Gémez-Luciano et al. 2019).

Many of the plant-based meat alternative companies such
as Impossible Foods and Beyond Meat provide consumers
with sustainability messages around the environmental and
animal welfare benefits of their products (Beyond Meat
2022; Impossible Foods 2024). The CM industry appears to
be adopting a similar strategy (Upside Foods 2024; Aleph
Farms 2024). However, as stated in a systematic review on
consumers’ acceptance of CM by C. Bryant and Barnett
(2018), there is limited evidence supporting the effectiveness
of environmental awareness and providing sustainability
messages on consumers acceptance of CM. One of the few
studies that have investigated the impact of receiving infor-
mation about the sustainability of farm-raised beef versus
plant-based and CM alternatives was conducted by Van Loo,
Caputo, and Lusk (2020), targeting the US market. In this

study, participants were given information about the tech-
nology and the environmental footprint associated with pro-
ducing farm-raised beef, CM and plant-based patties prior
to making a decision to adopt them in their diet. They
reported that offering information about the environmental
and animal welfare advantages could attract slightly more
consumers to the market for CM.

In another study, the impact of different names for CM
on consumers acceptance was examined by C. J. Bryant and
Barnett (2019). Their findings indicated that consumers were
more receptive to CM when it was presented as “clean meat”
or “animal free meat” in contrast to being labeled as “cul-
tured meat” or “lab-grown meat”

A New Zealand study showed that acceptability of CM is
affected by cultural differences, gender and country of resi-
dence. 592 New Zealanders were surveyed to investigate their
perception of CM and their potential engagement with such
products. It was revealed that in general male consumers who
were better informed about CM had a higher tendency toward
potential engagement with CM. Therefore it was suggested
that increasing consumer awareness will play an important
role in promoting engagement with CM (Giezenaar et al. 2023).

It must be highlighted that existing sensory studies on
CM have notable limitations. As stated in a recent review by
To et al. (2024), most available studies in this area have not
used an actual CM product. Out of three studies that have
used actual CM products (Rolland, Markus, and Post 2020;
Pasitka et al. 2023; Lee et al. 2022), one did not recruit
human participants and only used analytical instruments to
measure liking (Lee et al. 2022). Considering the novelty of
this research area, there is ample opportunity for future
studies to explore factors influencing consumer preferences
and how these preferences change over time, as well as how
these preferences convert to purchasing decisions.

Conclusions and future prospects

The next few years will be a critical time for the CM sector
with more licensed products entering the market, while the
funding available to these companies has recently contracted
(GFI 2024). CM is also just one option among many alter-
native protein products that are entering the market (Wood
and Tavan 2022). It is unlikely that any company will achieve
a dominant position through intellectual property, as most
patents are process patents which are hard to protect, so the
development of key brands and reductions in the cost of
manufacturing will be important. It seems likely there will
be a consolidation in the number of companies as some run
out of funds or are acquired. While Singapore was the first
country to issue a license for a CM product in 2020, there
has been minimal activity in this country since then and
companies are moving to focus on the larger consumer mar-
kets in the USA and other parts of Asia.

With sustainability being a major driver for the develop-
ment of CM, there will likely be more focus on beef and
lamb products due to the greater carbon footprint of pro-
ducing ruminant meat compared to other meats. However,



our understanding of the CM industry’s environmental
impact will remain limited until the industry has scaled up.

The challenge of being highly energy-intensive remains,
placing pressure on the need for renewable energy sources.
Waste management and environmental pollution associated
with CM should also be considered in future research efforts.
Consideration is being given to how spent media might be
recycled for use as fertilizer for crops (Myers et al. 2023).

Even though the main function of food is delivering nutri-
ents to the human body, the nutritional quality of CM is
unclear. Publicly available data on the nutritional profile of
these products does not exist and we do not yet know whether
CM will match conventional meat nutritionally. Even if the
nutritional profile of CM were to match that of conventional
meat on a gram-for-gram basis, the bioavailability of nutrients
may not necessarily be equivalent. Such questions deserve fur-
ther research, but appear unlikely in the near future due to
the lack of CM products available for analysis.

The economic sustainability of the CM industry has not
been proven yet, regardless of whether reaching price parity
is the aim of CM producers. The cost of production of
chicken meat is also the cheapest of all the traditional meats
and therefore will be the hardest to compete with on price,
again suggesting a move to higher value meats will be in the
best interests of CM companies.

The need for a food system that is more sustainable
across environmental, economic, and human dimensions is
clear. It is still too early to determine the role that CM
should play in this system, but the current challenges imply
that several great changes - technological, regulatory, envi-
ronmentally, nutritionally, and in the mind of consumers -
will be necessary before CM can achieve global integration.

Disclosure statement

WM co-leads the Riddet Institute’s Meat Analogues program. MT and
PW declare no conflict of interest.

Funding

WM and NS have received funding from the meat industry for unre-
lated research projects.

References

Adhikari, S., M. Schop, I. J. M. DE Boer, and T. Huppertz. 2022.
Protein quality in perspective: A review of protein quality metrics
and their applications. Nutrients 14 (5):947. doi: 10.3390/nu14050947.

Aleph Farms. 2024. Sustainable food is our promise. Accessed January
2024. https://aleph-farms.com/sustainability/.

Behm, K., M. Nappa, N. Aro, A. Welman, S. Ledgard, M. Suomalainen,
and J. Hill. 2022. Comparison of carbon footprint and water scarci-
ty footprint of milk protein produced by cellular agriculture and the
dairy industry. The International Journal of Life Cycle Assessment
27 (8):1017-34. doi: 10.1007/s11367-022-02087-0.

Beyond Meat. 2022. Mission. Accessed January 2024. https://www.
beyondmeat.com/en-GB/mission.

Boulay, A.-M., ]. Bare, L. Benini, M. Berger, M. J. Lathuilliére, A.
Manzardo, M. Margni, M. Motoshita, M. Nufiez, A. V. Pastor, et al.
2018. The WULCA consensus characterization model for water

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION 7

scarcity footprints: Assessing impacts of water consumption based
on available water remaining (AWARE). The International Journal of
Life Cycle Assessment 23 (2):368-78. doi: 10.1007/s11367-017-1333-8.

Bryant, C, and J. Barnett. 2018. Consumer acceptance of cultured meat: A
systematic review. Meat Science 143:8-17. doi: 10.1016/j.meatsci.2018.04.008.

Bryant, C. J,, and J. C. Barnett. 2019. What’s in a name? Consumer
perceptions of in vitro meat under different names. Appetite
137:104-13. doi: 10.1016/j.appet.2019.02.021.

Carrington, D. 2018. World’s first lab-grown steak revealed - but the
taste needs work. The Guardian. Accessed January 2024. https://
www.theguardian.com/environment/2018/dec/14/worlds-firs
t-lab-grown-beef-steak-revealed-but-the-taste-needs-work.

Chen, L., D. Guttieres, A. Koenigsberg, P. W. Barone, A. J. Sinskey, and
S. L. Springs. 2022. Large-scale cultured meat production: Trends,
challenges and promising biomanufacturing technologies. Biomaterials
280:121274. doi: 10.1016/j.biomaterials.2021.121274.

Clark, M., M. Springmann, M. Rayner, P. Scarborough, J. Hill, D.
Tilman, J. I. Macdiarmid, J. Fanzo, L. Bandy, and R. A. Harrington.
2022. Estimating the environmental impacts of 57,000 food prod-
ucts. Proceedings of the National Academy of Sciences 119
(33):€2120584119. doi: 10.1073/pnas.2120584119.

Clark, M. A,, N. G. G. Domingo, K. Colgan, S. K. Thakrar, D. Tilman,
J. Lynch, I. L. Azevedo, and J. D. Hill. 2020. Global food system
emissions could preclude achieving the 1.5° and 2°C climate change
targets. Science 370 (6517):705-8. doi: 10.1126/science.aba7357.

FAO and WHO. 2019. Sustainable healthy diets - Guiding principles.
Rome, Italy.

FAO and WHO. 2023. Food safety aspects of cell-based food. Rome,
Italy. doi: 10.4060/cc4855en.

Fountain, H. 2013. Building a $325,000 burger. The New York Times.
Accessed January 2024. https://www.nytimes.com/2013/05/14/science/
engineering-the-325000-in-vitro-burger.html.

Fraeye, L., M. Kratka, H. Vandenburgh, and L. Thorrez. 2020. Sensorial
and nutritional aspects of cultured meat in comparison to tradition-
al meat: Much to be inferred. Frontiers in Nutrition 7:35. doi:
10.3389/fnut.2020.00035.

Garrison, G. L., J. T. Biermacher, and B. W. Brorsen. 2022. How much
will large-scale production of cell-cultured meat cost? Journal of
Agriculture and Food Research 10:100358. doi: 10.1016/j.jafr.2022.
100358.

GFI (Good Food Institute). 2024. State of the industry report: Cultivated
meat and seafood. Good Food Institute. Accessed January 2024.
https://gfi.org/resource/cultivated-meat-and-seafoo
d-state-of-the-industry-report/.

Giezenaar, C,, A. J. R. Godfrey, O. J. Ogilvie, P. Coetzee, M. Weerawarna
N.R.P, M. Foster, and J. Hort. 2023. Perceptions of cultivated meat
in millennial and generation X consumers resident in Aotearoa New
Zealand. Sustainability 15 (5):4009. doi: 10.3390/su15054009.

Gomez-Luciano, C. A,, L. K. De Aguiar, F. Vriesekoop, and B. Urbano.
2019. Consumers willingness to purchase three alternatives to meat
proteins in the United Kingdom, Spain, Brazil and the Dominican
Republic. Food Quality and Preference 78:103732. doi: 10.1016/
j.foodqual.2019.103732.

Guan, X,, Q. Lei, Q. Yan, X. Li, J. Zhou, G. Du, and J. Chen. 2021.
Trends and ideas in technology, regulation and public acceptance of
cultured meat. Future Foods, 3:100032. doi: 10.1016/j.fufo.2021.100032.

Hocquette, J.-F, S. Chriki, D. Fournier, and M.-P. Ellies-Oury. 2025.
Review: Will “cultured meat” transform our food system towards
more sustainability? Animal: An International Journal of Animal
Bioscience 19(Suppl 1):101145. doi: 10.1016/j.animal.2024.101145.

Hoffman, J. R., and M. J. Falvo. 2004. Protein - Which is best? Journal
of Sports Science and Medicine 3:118-30.

Huff Lonergan, E., W. Zhang, and S. M. Lonergan. 2010. Biochemistry
of postmortem muscle—Lessons on mechanisms of meat tenderiza-
tion. Meat Science 86 (1):184-95. doi: 10.1016/j.meatsci.2010.05.004.

Humbird, D. 2021. Scale-up economics for cultured meat. Biotechnology
and Bioengineering 118 (8):3239-50. doi: 10.1002/bit.27848.

Impossible Foods. 2024. Impact calculator. Accessed January 2024.
https://impossiblefoods.com/ecological-footprint-calculator.


https://doi.org/10.3390/nu14050947
https://aleph-farms.com/sustainability/
https://doi.org/10.1007/s11367-022-02087-0
https://www.beyondmeat.com/en-GB/mission
https://www.beyondmeat.com/en-GB/mission
https://doi.org/10.1007/s11367-017-1333-8
https://doi.org/10.1016/j.meatsci.2018.04.008
https://doi.org/10.1016/j.appet.2019.02.021
https://www.theguardian.com/environment/2018/dec/14/worlds-first-lab-grown-beef-steak-revealed-but-the-taste-needs-work
https://www.theguardian.com/environment/2018/dec/14/worlds-first-lab-grown-beef-steak-revealed-but-the-taste-needs-work
https://www.theguardian.com/environment/2018/dec/14/worlds-first-lab-grown-beef-steak-revealed-but-the-taste-needs-work
https://doi.org/10.1016/j.biomaterials.2021.121274
https://doi.org/10.1073/pnas.2120584119
https://doi.org/10.1126/science.aba7357
https://doi.org/10.4060/cc4855en
https://www.nytimes.com/2013/05/14/science/engineering-the-325000-in-vitro-burger.html
https://www.nytimes.com/2013/05/14/science/engineering-the-325000-in-vitro-burger.html
https://doi.org/10.3389/fnut.2020.00035
https://doi.org/10.1016/j.jafr.2022.100358
https://doi.org/10.1016/j.jafr.2022.100358
https://gfi.org/resource/cultivated-meat-and-seafood-state-of-the-industry-report/
https://gfi.org/resource/cultivated-meat-and-seafood-state-of-the-industry-report/
https://doi.org/10.3390/su15054009
https://doi.org/10.1016/j.foodqual.2019.103732
https://doi.org/10.1016/j.foodqual.2019.103732
https://doi.org/10.1016/j.fufo.2021.100032
https://doi.org/10.1016/j.animal.2024.101145
https://doi.org/10.1016/j.meatsci.2010.05.004
https://doi.org/10.1002/bit.27848
https://impossiblefoods.com/ecological-footprint-calculator

8 M. TAVAN ET AL.

Ives, M. 2020. Singapore approves a lab-grown meat product, a global
first. The New York Times. Accessed January 2024. https://www.
nytimes.com/2020/12/02/business/singapore-lab-meat.html.

Kim, J. H, T. K. Kim, D. M. Shin, H. W. Kim, Y. B. Kim, and Y. S.
Choi. 2020. Comparative effects of dry-aging and wet-aging on
physicochemical properties and digestibility of Hanwoo beef.
Asian-Australasian Journal of Animal Sciences 33 (3):501-5. doi:
10.5713/ajas.19.0031.

Kolkmann, A. M., M. J. Post, M. A. M. Rutjens, A. L. M. VAN Essen,
and P. Moutsatsou. 2020. Serum-free media for the growth of pri-
mary bovine myoblasts. Cytotechnology 72 (1):111-20. doi: 10.1007/
$10616-019-00361-y.

Lee, M., S. Park, B. Choi, J. Kim, W. Choi, I. Jeong, D. Han, W.-G.
Koh, and J. Hong. 2022. Tailoring a gelatin/agar matrix for the syn-
ergistic effect with cells to produce high-quality cultured meat. ACS
Applied Materials ¢ Interfaces 14 (33):38235-45. doi: 10.1021/acsa-
mi.2c10988.

Mancini, M. C, and E Antonioli. 2019. Exploring consumers’ attitude
towards cultured meat in Italy. Meat Science 150:101-10. doi:
10.1016/j.meatsci.2018.12.014.

Masson-Delmotte, V., P. Zhai, H.-O. Portner, D. Roberts, J. Skea, and P.
R. Shukla. 2022. Global Warming of 1.5 C: IPCC special report on
impacts of global warming of 1.5 C above pre-industrial levels in con-
text of strengthening response to climate change, sustainable develop-
ment, and efforts to eradicate poverty. Cambridge: Cambridge
University Press.

Mattick, C. S., A. E. Landis, B. R. Allenby, and N. J. Genovese. 2015.
Anticipatory life cycle analysis of in vitro biomass cultivation for
cultured meat production in the United States. Environmental Science
& Technology 49 (19):11941-9. doi: 10.1021/acs.est.5b01614.

Mazac, R., J. Meinila, L. Korkalo, N. Jarvio, M. Jalava, and H. L.
Tuomisto. 2022. Incorporation of novel foods in European diets can
reduce global warming potential, water use and land use by over
80%. Nature Food 3 (4):286-93. doi: 10.1038/s43016-022-00489-9.

Mclaren, S., A. Berardy, A. Henderson, N. Holden, T. Huppertz, O.
Jolliet, C. DE Camillis, M. Renouf, B. Rugani, M. Saarinen, J. van
der Pols, I. Vazquez-Rowe, A. Antén Vallejo, M. Bianchi, A.
Chaudhary, C. Chen, M. Cooreman Algoed, H. Dong, T. Grant, A.
Green, E. Hallstrom, H. Hoang, A. Leip, J. Lynch, G. McAuliffe, B.
Ridoutt, S. Saget, L. Scherer, H. Tuomisto, P. Tyedmers, and H. van
Zanten. 2021. Integration of environment and nutrition in life cycle
assessment of food items: Opportunities and challenges. Rome, Italy.

Miller, V,, J. Reedy, E Cudhea, ]. Zhang, P. Shi, J. Erndt-Marino, J.
Coates, R. Micha, P. Webb, and D. Mozaffarian. 2022. Global, region-
al, and national consumption of animal-source foods between 1990
and 2018: Findings from the Global Dietary Database. The Lancet.
Planetary Health 6 (3):243-€256. doi: 10.1016/S2542-5196(21)00352-1.

Myers, G. M., K. A. Jaros, D. S. Andersen, and D. R. Raman. 2023.
Nutrient recovery in cultured meat systems: Impacts on cost and
sustainability metrics. Frontiers in Nutrition 10:1151801. doi: 10.3389/
fnut.2023.1151801.

Nowell, C. 2024. ‘Political efforts: The Republican states trying to ban
lab-grown meat. The Guardian. Accessed June 2024. https://www.
theguardian.com/environment/2024/apr/09/us-states-republicans-bannin
g-lab-grown-meat.

Obeid, R., S. G. Heil, M. M. A. Verhoeven, E. G. H. M. VAN DEN
Heuvel, L. C. P. G. M. DE Groot, and S. J. P. M. Eussen. 2019.
Vitamin B12 intake from animal foods, biomarkers, and health as-
pects. Frontiers in Nutrition 6:93. doi: 10.3389/fnut.2019.00093.

Pasitka, L., M. Cohen, A. Ehrlich, B. Gildor, E. Reuveni, M. Ayyash, G.
Wissotsky, A. Herscovici, R. Kaminker, A. Niv, et al. 2023.
Spontaneous immortalization of chicken fibroblasts generates stable,
high-yield cell lines for serum-free production of cultured meat.
Nature Food 4 (1):35-50. doi: 10.1038/s43016-022-00658-w.

Pereira, P. M. D. C. C, and A. E. D. R. B. Vicente. 2013. Meat nutri-
tional composition and nutritive role in the human diet. Meat
Science 93 (3):586-92. doi: 10.1016/j.meatsci.2012.09.018.

Poore, J., and T. Nemecek. 2018. Reducing food’s environmental im-
pacts through producers and consumers. Science 360 (6392):987-92.
doi: 10.1126/science.aaq0216.

Post, M. ], S. Levenberg, D. L. Kaplan, N. Genovese, J. Fu, C. J. Bryant,
N. Negowetti, K. Verzijden, and P. Moutsatsou. 2020. Scientific, sus-
tainability and regulatory challenges of cultured meat. Nature Food
1 (7):403-15. doi: 10.1038/s43016-020-0112-z.

Rasmussen, M. K., J. Gold, M. W. Kaiser, J. Moritz, N. Rity, S. B.
Renning, T. Ryynénen, S. Skrivergaard, A. Strom, M. Therkildsen,
et al. 2024. Critical review of cultivated meat from a Nordic per-
spective. Trends in Food Science & Technology 144:104336. doi:
10.1016/j.tifs.2024.104336.

Risner, D.Y. Kim, C. Nguyen, J. B. Siegel, E. S. Spang. 2023.
Environmental impacts of cultured meat: A cradle-to-gate life cycle
assessment. bioRxiv.doi: 10.1101/2023.04.21.537778

Rolland, N. C. M., C. R. Markus, and M. J. Post. 2020. The effect of
information content on acceptance of cultured meat in a tasting
context. PLoS One 15 (4):e0231176. doi: 10.1371/journal.
pone.0231176.

Rosenzweig, C., C. Mbow, L. G. Barioni, T. G. Benton, M. Herrero, M.
Krishnapillai, E. T. Liwenga, P. Pradhan, M. G. Rivera-Ferre, T.
Sapkota, et al. 2020. Climate change responses benefit from a global
food system approach. Nature Food 1 (2):94-7. doi: 10.1038/
$43016-020-0031-z.

Sinke, P, E. Swartz, H. Sanctorum, C. Van Der Giesen, and I. Odegard.
2023. Ex-ante life cycle assessment of commercial-scale cultivated
meat production in 2030. The International Journal of Life Cycle
Assessment 28 (3):234-54. doi: 10.1007/s11367-022-02128-8.

Smetana, S., A. Mathys, A. Knoch, and V. Heinz. 2015. Meat alterna-
tives: Life cycle assessment of most known meat substitutes. The
International Journal of Life Cycle Assessment 20 (9):1254-67. doi:
10.1007/s11367-015-0931-6.

Smith, N. W,, A. J. Fletcher, J. P. Hill, and W. C. Mcnabb. 2022.
Modeling the contribution of meat to global nutrient availability.
Frontiers in Nutrition 9:766796. doi: 10.3389/fnut.2022.766796.

Specht, E. A, D. R. Welch, E. M. Rees Clayton, and C. D. Lagally.
2018. Opportunities for applying biomedical production and manu-
facturing methods to the development of the clean meat industry.
Biochemical Engineering Journal 132:161-8. doi: 10.1016/j.bej.2018.
01.015.

Specht, L. 2019. An analysis of culture medium costs and production
volumes for cell-based meat. The Good Food Institute 1:1-29.

Starowicz, M., K. Kubara Poznar, and H. Zieliniski. 2022. What are the
main sensory attributes that determine the acceptance of meat alter-
natives? Current Opinion in Food Science 48:100924. doi: 10.1016/j.
c0fs.2022.100924.

To, K. V,, C. C. Comer, S. E O’Keefe, and J. Lahne. 2024. A taste of
cell-cultured meat: A scoping review. Frontiers in Nutrition
11:1332765. doi: 10.3389/fnut.2024.1332765.

Tuomisto, H. L., S. J. Allan, and M. J. Ellis. 2022. Prospective life cycle
assessment of a bioprocess design for cultured meat production in
hollow fiber bioreactors. The Science of the Total Environment 851
(Pt 1):158051. doi: 10.1016/j.scitotenv.2022.158051.

Tuomisto, H. L., M. J. Ellis, and P. Haastrup. 2015. Environmental im-
pacts of cultured meat: Alternative production scenarios. In Conference
Proceedings. Proceedings of the 9th International Conference on
Life Cycle Assessment in the Agri-Food Sector. ed R. Schenck, D.
Huizenga, 1360-1366. Vashon, WA, (USA): ACLCA.

Tuomisto, H. L., and M. J. Teixeira DE Mattos. 2011. Environmental
impacts of cultured meat production. Environmental Science ¢
Technology 45 (14):6117-23. doi: 10.1021/es200130u.

Upside Foods. 2024. Progress for people, animals, and planet. Accessed
January 2024. https://upsidefoods.com/progress.

Van Loo, E. ], V. Caputo, and J. L. Lusk. 2020. Consumer preferences
for farm-raised meat, lab-grown meat, and plant-based meat alterna-
tives: Does information or brand matter? Food Policy. 95:101931.
doi: 10.1016/j.foodpol.2020.101931.

Weinrich, R, M. Strack, and F. Neugebauer. 2020. Consumer accep-
tance of cultured meat in Germany. Meat Science 162:107924. doi:
10.1016/j.meatsci.2019.107924.

Willett, W., J. Rockstrém, B. Loken, M. Springmann, T. Lang, S.
Vermeulen, T. Garnett, D. Tilman, FE DeClerck, A. Wood, et al.
2019. Food in the anthropocene: The EAT-Lancet commission on


https://www.nytimes.com/2020/12/02/business/singapore-lab-meat.html
https://www.nytimes.com/2020/12/02/business/singapore-lab-meat.html
https://doi.org/10.5713/ajas.19.0031
https://doi.org/10.1007/s10616-019-00361-y
https://doi.org/10.1007/s10616-019-00361-y
https://doi.org/10.1021/acsami.2c10988
https://doi.org/10.1021/acsami.2c10988
https://doi.org/10.1016/j.meatsci.2018.12.014
https://doi.org/10.1021/acs.est.5b01614
https://doi.org/10.1038/s43016-022-00489-9
https://doi.org/10.1016/S2542-5196(21)00352-1
https://doi.org/10.3389/fnut.2023.1151801
https://doi.org/10.3389/fnut.2023.1151801
https://www.theguardian.com/environment/2024/apr/09/us-states-republicans-banning-lab-grown-meat
https://www.theguardian.com/environment/2024/apr/09/us-states-republicans-banning-lab-grown-meat
https://www.theguardian.com/environment/2024/apr/09/us-states-republicans-banning-lab-grown-meat
https://doi.org/10.3389/fnut.2019.00093
https://doi.org/10.1038/s43016-022-00658-w
https://doi.org/10.1016/j.meatsci.2012.09.018
https://doi.org/10.1126/science.aaq0216
https://doi.org/10.1038/s43016-020-0112-z
https://doi.org/10.1016/j.tifs.2024.104336
https://doi.org/10.1101/2023.04.21.537778
https://doi.org/10.1371/journal.pone.0231176
https://doi.org/10.1371/journal.pone.0231176
https://doi.org/10.1038/s43016-020-0031-z
https://doi.org/10.1038/s43016-020-0031-z
https://doi.org/10.1007/s11367-022-02128-8
https://doi.org/10.1007/s11367-015-0931-6
https://doi.org/10.3389/fnut.2022.766796
https://doi.org/10.1016/j.bej.2018.01.015
https://doi.org/10.1016/j.bej.2018.01.015
https://doi.org/10.1016/j.cofs.2022.100924
https://doi.org/10.1016/j.cofs.2022.100924
https://doi.org/10.3389/fnut.2024.1332765
https://doi.org/10.1016/j.scitotenv.2022.158051
https://doi.org/10.1021/es200130u
https://upsidefoods.com/progress
https://doi.org/10.1016/j.foodpol.2020.101931
https://doi.org/10.1016/j.meatsci.2019.107924

healthy diets from sustainable food systems. Lancet 393 (10170):447-
92. doi: 10.1016/S0140-6736(18)31788-4.

Wilson, N., N. Nghiem, C. Ni Mhurchu, H. Eyles, M. G. Baker, and T.
Blakely. 2013. Foods and dietary patterns that are healthy, low-cost,
and environmentally sustainable: A case study of optimization mod-
eling for New Zealand. PLoS One, 8 (3):e59648. doi: 10.1371/journal.
pone.0059648.

Wood, P, and M. Tavan. 2022. A review of the alternative protein industry.
Current Opinion in Food Science 47:100869. doi: 10.1016/j.cofs.2022.100869.

Wood, P, L. Thorrez, J.-FE Hocquette, D. Troy, and M. Gagaoua. 2023.
Cellular agriculture: Current gaps between facts and claims

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION 9

regarding “cell-based meat” Animal Frontiers 13 (2):68-74. doi:
10.1093/af/vfac092.

World Resources Institute & World Business Council for Sustainable
Development. 2011. Product life cycle accounting and reporting stan-
dard. World Resources Institute. https://ghgprotocol.org/product-
standard.

Zimmermann, A. W, T. Langhorst, S. Moni, J. A. Schaidle, F. Bensebaa,
and A. Bardow. 2022. Life-cycle and techno-economic assessment of
early-stage carbon capture and utilization technologies: A discussion
of current challenges and best practices. Frontiers in Climate
4:841907. doi: 10.3389/fclim.2022.841907.


https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1371/journal.pone.0059648
https://doi.org/10.1371/journal.pone.0059648
https://doi.org/10.1016/j.cofs.2022.100869
https://doi.org/10.1093/af/vfac092
https://ghgprotocol.org/product-standard
https://ghgprotocol.org/product-standard
https://doi.org/10.3389/fclim.2022.841907

	Reassessing the sustainability promise of cultured meat: a critical review with new data perspectives
	ABSTRACT
	Introduction
	Scalability and technical challenges
	Regulatory challenges and labeling
	Environmental impact of cultured meat production
	Nutritional challenges facing the cultured meat industry
	How does CM fit into sustainable diets?
	Sensory challenges and consumers acceptability
	Conclusions and future prospects
	Disclosure statement
	Funding
	References


