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Abstract

Transformation in food systems poses new opportunities for improving environmental
sustainability and reducing the use of farmed animals. Discussions about transforming
current food systems have been centered mostly on replacing animal source proteins with
plant-based alternatives and about how to minimize food waste and loss. Products from
cellular agriculture are part of a novel food transition and are presented as new, sustainable
alternatives for animal source proteins. However, justice and equity narratives in food system
transition discussions concerning cellular agriculture are rare. The aim of this study is to
address how cellular agriculture may contribute to a just food system transition and to evaluate
the prospects of such foods on this planet by reviewing narratives of cellular agriculture in
36 scientific articles. The data were analyzed using a justice transition framework. The
results show that cellular agriculture has a potential to contribute to improving environmental
sustainability if developers take justice into account as an important factor. Concerns are
that cellular agriculture has the potential to be an exclusive food and may introduce regional
variances exacerbating inequalities within the food system. We contribute to the discussion
of just food system transitions by highlighting the importance of justice considerations in
the context of cellular agriculture. Key aspects include the need for fair distribution along
the value chain, global access to cellular agriculture benefits, and the recognition of social
transformations in technological solutions. Additionally, transparent decision-making, open
data access, and capacity building for stakeholders emerge as critical elements for fostering
equitable and sustainable development in cellular agriculture.

Keywords Cellular agriculture - Narratives - Food systems - Justice - Sustainability -
Transformation

Introduction

Climate change is one of the most pressing issues facing our planet and it partly originates
from unsustainable practices within the current food system (Abbass et al. 2022). One
major concern is the extensive environmental degradation caused by industrial agricultural
practices. The high demand for meat and dairy products contributes to deforestation as vast
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areas of land are cleared for livestock pastures and feed crops (Theurl et al. 2020). These
practices also contribute to greenhouse gas emissions, exacerbating climate change. More-
over, the intensive use of water resources in agriculture further strains already stressed
water systems, leading to water scarcity and depletion (Wallace 2000). These negative
externalities emphasize the urgent need for more sustainable and equitable food systems
that prioritize environmental stewardship, promote healthier diets, and address the social
and economic disparities inherent in the current model.

A major step in transforming the current food system toward consumption of more
sustainable, healthier, and less environmentally impactful foods, would be the production
of those foods remaining within the planetary boundaries (Willett et al. 2019). Planetary
boundaries are scientific targets set as bounds for which the Earth system needs to remain
within to keep a healthy environment for human well-being (Rockstrom et al. 2009; Camp-
bell et al. 2017). The Planetary Health Diet (PHD) is an evidence-based diet created by
the EAT-Lancet Commission to equally protect human health and the environment and to
establish global guidelines for staying within these planetary and human health boundaries
(Willett et al. 2019). A shift to sustainable diets is challenging and depends on simultane-
ous policy, regulation, socio-cultural, and economic measures that promote more sustain-
able food systems (HLPE 2020).

Reflecting the need for more sustainable, accessible alternatives, novel food production
technologies propose a means for producing foods which are healthy and have less environ-
mental impacts. Cellular agriculture (CA) is a novel means of food production that entails
bioreactor-grown cellular products made of cells (e.g., animal or plant origin) and acellu-
lar products made by cells (e.g., bacterial, fungal, algal) through fermentation (Datar et al.
2016). Previous research has claimed that CA could provide sustainable options as part of
future food systems (Parodi et al. 2018; Tuomisto 2019; 2022; Jarvio et al. 2021; Smetana
et al. 2015; Mazac et al. 2022). The proponents of CA tend to follow a narrative in which
they envision that the main goals of CA will be to reduce the agricultural burden on the
environment and expand animal welfare outcomes (Mattick 2018; Bryant 2020). However,
emphasizing these benefits of CA has led to a situation where the potential justice and
equity prospects of CA in the greater food system have been largely overlooked.

One prominent example of novel foods is cell-cultivated products such as cultured meat
(Datar et al. 2016). Cultured meat is a product where the cells of an animal are grown
in a culture medium in a bioreactor (Post 2012). Cellular products also include microbial
and plant cells when the cultured cells are used in the final product. Another form of CA
includes acellular products, which are organic molecules and usually fermentation-based
such as chicken egg white protein (i.e., ovalbumin) synthesized by microbes (Jérvio et al.
2021). An overview of cellular and acellular products is presented in Table 2.

As CA products are developed and prepared for the market, they face both opportunities
and challenges. Life cycle assessments show that cultured meat production could reduce
land use, water use and global warming potential (Sinke et al. 2023; Tuomisto et al. 2022).
However, achieving a significant reduction in environmental emissions at this high level
is only possible when cultured meat is produced using sustainable energy sources (Sinke
et al. 2023). If CA products are consumed instead of animal source proteins, agricultural
land might be freed up for more plant-based protein production or to reduce pressures on
deforestation and biodiversity (Tuomisto et al. 2022). Cultured meat could offer significant
reductions in global warming potential and land use, and some reduction in eutrophica-
tion potential, especially when replacing beef (Sinke et al. 2023; Tuomisto et al. 2022).
Nonetheless, there are potential industrial energy use increases with cultured meat produc-
tion compared to all animal source proteins. Thus, potential environmental impact savings
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could be similar if people ate less beef and replaced red meat with mostly poultry (Sinke
et al. 2023; Tuomisto et al. 2022). However, his replacement would not solve ethical issues
of animal husbandry in the livestock production.

CA could reduce other negative externalities such as animal slaughter or human health
issues caused by consuming red meat (Poore and Nemecek 2018). However, one of the
major uncertainties around the production of cultured meat is production feasibility. To
date, a hybrid product consisting partly of cultured chicken meat and partly of plant-based
ingredients has entered the market only in Singapore and the USA (Lucas 2020; CNN, June
2023). The prospects for regulatory approval of CA products in the EU are still unclear.

Beyond the environmental impact reduction potential of CA, there are other systemic
considerations and barriers to its expansion. The ethical aspect of centralizing large food
production like CA may reduce opportunities for farmers, which is another aspect that
needs consideration (IPES-Food 2022; Glaros et al. 2023). Moreover, cultured meat is sus-
pected to trigger neophobia (Dupont et al. 2022) as it is a product that is portrayed as food
produced in a laboratory or later in large-scale industrial processes. Previous studies have
identified other obstacles to CA adoption, such as consumer acceptance (Bryant and Dil-
lard 2019; Bryant et al. 2020; Wilks and Phillips 2017; Slade 2018; Mancini and Antonioli
2019; Ryynénen and Toivanen 2022); the challenge of how to include farmers (Newton
and Blaustein-Rejto 2021; Helliwell and Burton 2021; Réty et al. 2023); the political stake-
holders’ role (Moritz et al. 2022; 2023; Chiles 2013); and the general transformative poten-
tial (Moritz et al. 2022; 2023; Burton 2019; Chiles et al. 2021).

However, acellular products offer an advantage as they already exist in the medical and
chemical market and are used in those domains (Burton 2019; Tuomisto 2022). Therefore,
products from precision fermentation would not just be alternatives but analogues to pro-
ducing conventional animal source products without animals and novel foods with poten-
tial high consumer value.

Beyond the challenges and prospects of CA to the future food system, Guthman and
Biltekoft (2022) discuss about third generation proteins and their attractiveness to invest in.
They argue that agri-food tech companies frame novel proteins purposely as the solution
for future food shortages without addressing the consequences (2022). In the story-telling
of third generation proteins, the social and environmental challenges are overlooked (Guth-
man et al. 2022) and the promissory narratives of new proteins tend to be emphasised (Sex-
ton et al. 2019). These promissory narratives, destructive silences (Helliwell and Burton
2021) and food system justice dimensions are discussed in the next section.

Dimensions of a just Food System Transition

Transformation of the food system has become a common conceptual pathway to realiz-
ing sustainability in future food systems. The terminology of transformation and transi-
tion is often used interchangeably. A transition describes a smaller scale or different paths
of one field, whereas a transformation is used to describe a bigger scale change, such as
transforming or replacing a whole system (Loorbach 2017; Holscher et al. 2018; Geels
and Schot 2007). Transition and transformation theories have largely been influenced by
Geels and Schot (2007), who first implemented the multi-level perspective to demonstrate
among other things the socio-technical interconnectedness of a transition. A socio-tech-
nical system is exposed to external pressures such as climate change and the pressures
of niche innovations that aim to transform the current system into a more sustainable
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one (Geels 2002). The multi-level perspective has been criticized for ignoring the non-
linearity and complexity of multidimensional systems (Berkhout et al. 2004; Geels et al.
2016). In response, Geels and Turnheim (2022) propose the need for a great reconfigura-
tion approach, through which a system passes in different stages to change. Their emphasis
is on the interconnectedness of socio-political, cultural, historical, and ethical factors that
need to be considered by producers of radical niche innovations and by the system itself
(Geels and Turnheim 2022).

Justice is a necessary factor in the transition process and has been acknowledged by
various scholars as a requirement for sustainability in food systems (Kaljonen et al. 2021;
Heffron 2021; Whitfield et al. 2021). Identification of uneven capacities, preconditions and
preferences in different regions of the world need to consider justice from various perspec-
tives (Kaljonen et al. 2021). By incorporating justice into food systems and the third gen-
eration proteins (Guthman and Biltekoft 2022) research, it globally increases the opportu-
nities to benefit from advancements in food production and distribution, leading to a more
equitable, sustainable, and resilient food system. Whitfield et al. (2021) created three lenses
through which a food system transformation should be analyzed. The first lens focuses
on avoiding reproduction of historical injustices, such as the over-exploitation of natural
resources in developing countries. The second lens ensures representational justice by uti-
lizing current knowledge, participating active stakeholders, and combining different per-
spectives. The third lens elaborates distributional justice by ensuring that future outcomes
of the transformation are fairly distributed along the value chain (Whitfield et al. 2021).

In addition to the three lenses by Whitfield et al. (2021), three key dimensions have
repeatedly been used by scholars to describe justice in transitioning food and energy sys-
tems; distributive, procedural, and recognitive justice (Tribaldos and Kortetmiki 2022;
Kaljonen et al. 2021; Williams and Doyon 2019). Distributive justice is defined as the
harms or benefits to the environment or involved stakeholders of distributing new goods,
in our case the impact implications of innovative foods from CA. Procedural justice refers
to diverse and inclusive stakeholder involvement in decision-making and a fair procedure
throughout the transition process. Recognitive justice emphasizes the need to recognize
historical injustices, intercultural differences, and respect for the values of all stakeholders
involved in the transition (Tribaldos and Kortetmiki 2022; Kaljonen et al. 2021; Williams
and Doyon 2019).

Kaljonen et al. (2021) as well as Tribaldos and Kortetméki (2022) added four other jus-
tice dimensions to evaluate dietary transition in and beyond food systems. Restorative jus-
tice refers to righting previous wrongs through reconciliation, for example, being able to
restore or reconcile farmer jobs that could be lost during a transition to CA (Kaljonen et al
2021). Cosmopolitan justice emphasizes the right of all people to food without exception
and hence includes a global and intergenerational viewpoint (Kaljonen et al. 2021; Tribal-
dos and Kortetmiki 2022). Justice for ecological and non-human beings refers to a form of
justice that goes beyond anthropocentric outcomes and protects or improves current nega-
tive externalities on non-human beings and ecosystems (Tribaldos and Kortetmiki 2022).
In the case of CA, justice for ecological and non-human beings would mean considera-
tion of the ecological externalities of emissions caused by food production or complicity
in animal harm of livestock production systems. Capacities refers to a justice approach that
recognizes the required capabilities of an innovation and ensures equal job opportunities.
Oftentimes, energy, environmental, and climate justice approaches are treated separately
and thus scholars have different definitions of justice. Hence, studies on justice transitions
use different justice dimensions to describe their purposes. For the analysis purpose of this
paper, we apply the framework by Tribaldos and Kortetmiki (2022) as it is specifically
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designed for food systems and CA is aimed to transform the current food system. Their
framework includes six justice dimensions with respective categories that we have adapted
to our analysis. Justice frameworks applied to analyze the prospects of novel foods such as
CA are largely missing in the extant studies, which tend to focus instead on environmental
impacts and consumer acceptance (Post et al. 2020). Considering the perspective of the
alternate and otherwise marginalized is needed as the new food technologies are primarily
being implemented in developed countries and through the investment of the wealthy and
powerful but could have wide-reaching systemic impacts in developing nations or disen-
franchised voices in wealthy nations (Mahoney 2022).

A stated original aim of developing novel technologies is to produce “better” foods,
reducing the environmental impacts of food production, and feeding the world in develop-
ing countries (Tzachor et al. 2021). Such stated aims seem to miss certain aspects of distri-
butional and recognitive justice. For instance, even though societies have purportedly long
produced enough food to feed nearly 10 billion—that is 2 billion more than are currently
on the planet, the distribution of that food is deficient (Holt-Giménez et al. 2012). Also
seldom discussed is procedural and cosmopolitan justice along the whole supply chain,
including the effects that new technologies might have on food traditions or rural liveli-
hoods in countries other than EU or North America (Reis et al. 2020). Therefore, a sustain-
ability transition is not just if it excludes the social, cultural, and economic characteristics
of the stakeholders in the food system transition.

Data and Methods

To meet the aim of how CA may contribute to a just food system transition, a review of
existing research was conducted. We sought to identify, evaluate, and synthesize narratives
of cellular agriculture. The aim of our review is to provide a comprehensive summary of
the available evidence and draw conclusions about justice for CA. We followed the jus-
tice transition framework (Tribaldos and Kortetméki 2022), adhered inclusion and exclu-
sion criteria, and extracted data from Web of Science and Scopus databases. Through a
systematic and transparent approach we aimed at enhancing the reliability and validity of
the results and providing evidence-based conclusions that are relevant for research-based
decision-making in justice themes of CA.

In total, 927 papers were identified upon the first search on the Web of Science (464)
and Scopus (463). The search was conducted in June 2023 using the following search
terms:

("cellular agriculture" OR "cultivated meat" OR "cultured meat" OR (("lab-grown" OR
"lab-based") AND (agriculture OR meat))) AND (just* OR fair* OR sustainab* OR cli-
mate OR livelihood* OR farm* OR (food W/2 chain) OR ((food OR nutrition) W/4 (health
OR security OR cultur*)) OR ethic* OR ethnic* OR generation* OR access* OR discrimi-
nati* OR participat* OR "well-being" OR resilie* OR "decision making").

This search phrase was specifically constructed to be restrictive and target scientific arti-
cles that report studies on the intersection of CA, justice, and sustainable food systems
from the social science and environmental impact perspectives. Even though justice was
included in the search phrase, the majority of articles addressed topics of sustainability
and environmental perspectives of CA without mentioning justice. We limited the search
on Web of Science and Scopus as they gave the most comprehensive results, covering the
key fields of science. The first search results were further restricted by applying a filter,
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eliminating all articles that appeared due to the technical or natural sciences aspects of CA
excluding lifecycle assessment (LCA) modelling, which we here count as social sciences.
With this filter, papers have been eliminated that have a primary focus on biochemistry,
biology, or engineering. Other exclusion criteria comprise articles that were not published
after 2000, not written in English, not published in a peer-reviewed journal, and if the
papers focused on non-food products.

The first round of exclusion left us with 173 articles, which then in the second round
were screened by abstract and if unsure by full-length text. In this process, 147 articles
have been excluded as they did not address contributions of cellular agriculture to justice
or a just food system transition. Articles that directly addressed the relationship between
cellular agriculture and justice were included for further analysis. These exclusion crite-
ria ensured that the selected articles were relevant in addressing the research question and
clarified the potential impacts of cellular agriculture on food system justice (Fig. 1). In the
last step, the reference lists of the remaining 26 articles were screened to identify addi-
tional data valuable for the analysis. Thus, ten articles were added. Seven out of the nine
extra articles explain the environmental impact of CA. Finally, 36 articles were included in
the data and for reviewing justice in the CA transition.

We analyzed the data using the justice transition framework created by Tribaldos and
Kortetmiki (2022). The analysis followed a theory-led approach that allowed us to organ-
ize the reviewed literature according to the different dimensions of justice. In the first step
of analyzing the literature, we created a table with the key findings of the reviewed lit-
erature (see Table 3). In the second step, we performed a content analysis (Mayring 2000;

Studies identified n=927
(web of science 464; scopus 463)

Duplicates and elimination by
relevance n=754

Studies kept n=173

Screening of abstracts and full
text relevance n=147

Studies kept n=26

Search for extra data by
scanning reference lists n=9

Total n=35

Fig. 1 Process for identifying the relevant literature
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Schreier et al. 2012; Schreier 2014) of the included literature aiming to identify which
dimensions of justice the authors are addressing; often, papers fit into multiple dimensions.
We created a table (see 3Table 3) that summarizes the key message of each justice dimen-
sion and added the key findings of each paper to each dimension. Each dimension of justice
is further comprised into principles. Justice principles have been evaluated together rather
than separately (see Table 1 for overview, p. 17). The results are presented in the following.

Cellular Agriculture Through the Dimensions of Justice in Transitions
Distributional Justice

Distributional justice involves assessing the impacts on various stakeholders in the food
system when distributing or developing both tangible and intangible resources. The first
principle of distributional justice is the rights to vital goods to everyone at any time.
Research shows that cultured products will most likely become an addition to the market
and stay a niche product that is not accessible to everyone (Moritz et al. 2022). Moreover,
cultured products are intended to be a replacement for meat in a diet where meat is not the
most important component to a healthy lifestyle (Mazac et al. 2022). Therefore, it seems
that CA products are not meant to be a vital good. Thus, they should not be considered
a principle for justice but rather products that are already accessible and easily available.
That does not mean that CA products should eventually be accessible to all.

The next principle of distributed justice is labor justice, which aims at the fair pay-
ment and support of established jobs created within the CA industry. As CA is still in the
research and development phase, literature about fair payment, labor support, and rights

Table 1 A justice system for cellular agriculture

Justice principles Implications for cellular agriculture

Rights to vital goods Avoidance of CA becoming a niche luxury product.
Distributional justice Labor justice Fair payment and support of the established jobs created within the CA industry.
Just food chain structures Simply more food produced by technology may not be the solution. CA needs to be

distributed fairly along the value chain.

Livelihood opportunities Inclusion of stakeholders (e.g., farmers) is necessary in the CA transition process.
Global fairness Secure access to food where CA is not developed.
Cosmopolitan justice
Intergenerational justice CA needs to generate food for the future that is also affordable for everyone.
Ecological and non- Ecological integrity Potential of CA to be significantly more resource efficient if renewable energy sources can
human beings justice be used.
Justice for animals CA can reduce harm to animals as production of CA products mostly indirectly involves
animals.
Just processes The necessity of transparent and inclusive decision-making processes along the CA value-
Procedural justice chain that do not generate confusion or ambiguity.
Access to relevant information Information on the development of CA need to be communicated to the wider public as

for now they mainly come from those who produce cultured meat or from academics who
research the topic.

Respectful pluralism and esteem Technological solutions such as CA offered for fixing complex systemic problems should
Recognition justice recognition/ Non-discrimination recognize the need to include social and gender transformations.
Capacities and justice Capacity building Stakeholder groups need to have a capacity to understand what CA is and to anticipate
how they could be related to food system transitions.
Access to open data Create open data platforms to accelerate the development of CA.
Technological justice > o s = o 5 o 7
no‘egicatjustic Funding opportunities Dedicated fundings for promising technical developments that are not yet readily available.
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are non-existent. The CA industry consists of startups working with pilot scale production
facilities and pre-production patches. There is, however, literature about the just food chain
structures, which is another principle of distributed justice. The dominance of one system
is seldom regarded as beneficial on the global scale. It is argued that simply more food pro-
duced by technology may not be the solution, although it does answer the question of how
the resources can be distributed fairly (Klerkx and Rose 2020). The jobs that are affected
by the development of CA also differ along the value chain. The most affected are the
farmers in the traditional livestock agricultural industry. However, farmers seem optimistic
that novel food technologies can create new jobs if policy measures and new strategies are
supportive enough (Rity et al. 2023). Brazilian farmers seem more optimistic compared to
European farmers (Morais da Silva et al. 2022).

The next principle of distributed justice is related to livelihood opportunities or access
to suitable farmland, retaining livelihoods in rural areas and the same opportunities for all
sized food system actors. This approach exceeds the contrasting positions of traditional and
alternative system narratives (Newman et al. 2023b) by combining different food produc-
tion practices including novel food technologies such as CA. A high yield, local agricul-
tural approach would lead to shorter supply chains and decentralization of food systems
with the result of less land use and emissions.

Livestock farmers are one group of stakeholders that are anticipated to lose their jobs
in the development of CA (Helliwell and Burton 2021). Several attempts have been made
to find ways to include farmers in the transition progress, such as a decentralized model
where farmers could restructure their farms and be part of the CA development (Newton
and Blaustein-Rejto 2021; Soice and Johnston 2021). For some, such a radical restructur-
ing of farms and farming practices towards CA is an unrealistic scenario, whereas others
believe that reinventing their jobs is one outcome (Helliwell and Burton 2021; Moritz et al.
2022; Rty et al. 2023).

Cosmopolitan Justice

Cosmopolitan justice is about the right of all people to food without exception and hence
a global, intercultural, and intergenerational viewpoint is necessary. The first principle of
cosmopolitan justice is global fairness and aims to secure access to food where CA is not
developed. However, literature suggests that CA has the potential to create global ineq-
uity by i) becoming a niche in the luxury sector, ii) by further limiting access to food,
and iii) by only supporting big developers who currently keep their patents under disclo-
sure (Mahoney 2022; Howard 2022). CA is portrayed as an opportunity to partly reach
the UN Sustainable Development Goals (SDGs) and thus be part of a transition toward
more planetary health if certain obstacles can be resolved and if the cosmopolitan justice
dimension is not overlooked (Newman et al. 2023a). Therefore, CA developers are encour-
aged to include all those stakeholders who historically have been deliberately overlooked
and disenfranchised in food system transition discussions and thus create equity for people
affected in the CA development (Ellis et al. 2022).

Currently, most of the development of CA is centered on the USA, Israel, Singapore,
and European countries and therefore mainly excludes other regions. However, from a
global point of view, the development of CA needs to focus on each countries’ resources.
The reason why Singapore is well adapted to novel food technologies is due to their lack of
agricultural space and dependency on food technologies (Mok et al. 2020). Where, when,
and how CA develops is subject to the future constraints of resources and interests. Food
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security depends on centralized, decentralized, and distributed supply systems (Soice and
Johnston 2021). CA in a centralized model would lead to the highest economic outcome
for only a few and would create bureaucratic and communication burdens for those with
lower economic outcomes (Soice and Johnston 2021). Moreover, CA products would have
more difficulties meeting the promised ethical standards and could create distrust among
consumers (Ellis et al. 2022). An exemplary case would be technology development in the
global North and then exporting licensed services to the global South (Ellis et al. 2022).
While some state that CA could have a positive impact on the global food system by 2050
(Glaros et al. 2022; Newman et al. 2023a) others emphasize that the focus should be on
advancing sustainability in existing agricultural practices (Moritz et al. 2022).

The second principle of cosmopolitan justice is intergenerational justice, which aims to
include the well-being of future generations. While CA producers claim to create a better
future, the literature suggests that this high confidence contrasts with the feasibility of pro-
ducing CA products (Glaros et al. 2022). To address the problems of premature technology
such as CA production, a multidisciplinary approach is necessary to generate food for the
future that is also affordable for everyone (Smith et al. 2022). CA is portrayed as an oppor-
tunity to partly reach the SDGs by 2050 and thus be part of a transition towards planetary
health if certain obstacles can be resolved (Newman et al. 2023a; Glaros et al. 2022). The
promissory narratives of CA suggest that novel food technologies can reduce or even ter-
minate the negative impacts of traditional agriculture without addressing the potential con-
sequences. This partial debate is called creative destructive silences (Helliwell and Burton
2021. It is suggested that CA development will probably produce new monocultures and
new environmental problems and hence work against the planet (2021).

Ecological and Non-Human Beings’ Justice

Justice aspects covering ecological and non-human beings go beyond anthropogenic out-
comes and aims at protecting non-human beings and improving ecosystems. The first prin-
ciple is about ecological integrity, which concerns where the ecosystem’s health is to be
protected. The second principle is justice for animals that could potentially be harmed dur-
ing the transition toward CA. The commonly used binary narrative of CA builds on the
protection of the environment and animals.

Newman et al. (2023a) has analyzed the potential of CA from the perspective of the 17
SDG goals, categorizing them into focus areas; people, the planet, prosperity, and protec-
tion of animals. Their main findings include the fact that CA has the potential to provide
healthy and nutritional products for a growing world population (i.e., people). CA also can
reduce environmental impacts (i.e., the planet) shown by various LCA studies (Tuomisto
et al. 2022; Sinke et al 2023). CA could also provide new job opportunities, new global
infrastructures and diversify food production systems (i.e., prosperity). Lastly, CA can
reduce harm to animals as production of CA products mostly indirectly involves animals
(Newman et al. 2023a). The feminist ecological view further emphasizes the importance
that the development of CA should not be used as a tool for more dominance but should be
considered from an inclusive and ethical perspective. This would mean acknowledging that
non-human beings should be valued in the same way as humans (Lee 2018).

LCAs are often used by scholars to support their claims concerning the environmental
benefits of CA. However, the LCA data measure the impacts on the environment based on
the best estimates of current production systems; such estimates may not be best suited
for novel production technologies (Tuomisto et al. 2022). Barriers such as the animal
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serum-free culture medium and producing large-scale bioreactors need to be resolved for
more accurate LCA results which reflect the prospects of CA production on a larger scale
(Tuomisto 2022).

Though CA might be a viable and environmentally beneficial option for replacing
animal source proteins in diets, plant-based proteins have lower environmental impacts
(Mazac et al. 2022). Simple reductions in overall food intake and animal source proteins
intake specifically can achieve similar impact reductions as including CA products in
one’s diet. Mazac et al. (2022) have shown that optimized vegan and omnivore (with up
to 80% less animal source proteins) diets had similar environmental impact reductions as
a diet with CA foods, such as microbial protein, cultured milk, or cultured meat when the
diets were minimized for either land use, water use, or climate impact. Larger energy use
requirements for CA production necessitate a green energy transition and further technol-
ogy development for environmental impact reductions of diets. Cultured meat production
showed an increase in energy use compared to beef, pork, and poultry (CE Delft 2021).
The high-energy requirement of cultured meat means a major electricity grid overhaul
and green energy transition would be required before the environmental burden would be
reduced by swapping animal source proteins for CA (Smetana et al. 2015; Parodi et al.
2018). There are additional uncertainties in the tradeoffs among additional environmental
impact categories, such as carbon dioxide impacts and biodiversity, and location-specific
differences in emissions and energy use, which may result in less beneficial outcomes for
CA (Glaros et al. 2022).

It seems that most LCA studies conclude with the notion that the development of CA
is only environmentally feasible if renewable energy sources can be used to produce them
(Spiller et al. 2020; Sillman et al. 2020; Kobayashi et al. 2022; Jarvio et al. 2021; Tuomisto
2022). The highest ecological and dietary benefits could come from other practices such as
controlled environmental agriculture, which are defined as artificial environments for agri-
cultural practices such as vertical farming (Glaros et al. 2022). Moreover, technological,
and nutritional challenges seem too challenging within the anticipated time frame of bring-
ing CA products to the market by 2030 (Glaros et al. 2022; Helliwell and Burton 2021). On
the one hand Newman et al. (2023a) propose that CA has the potential towards more cli-
mate justice through the 17 SDGs. On the other hand the technical and physical challenges
as proposed by the various LCA studies seem to weaken the link between climate change
mitigation and climate justice drastically.

Procedural Justice

Procedural justice emphasizes the involvement in the decision-making processes of CA
development and fair procedure throughout the transition. The first principle is just pro-
cesses, which emphasizes the necessity of transparent and inclusive decision-making
processes that do not generate confusion or ambiguity. These processes should be openly
presented as technologies capable of mitigating or even replacing the adverse effects asso-
ciated with traditional agriculture in a relatively short period, without concealing the state
of development and potential consequences (Helliwell and Burton 2021). Like Industry
4.0, new food technologies have been called Agriculture 4.0, which simply implies a new
era of doing agriculture (Klerkx and Rose 2020). CA is part of Agriculture 4.0 and is
acknowledged as having the potential to be disruptive and transformative (Klerkx and Rose
2020; Moritz et al. 2022).
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Klerkx and Rose (2020), however, discuss the potential challenges of overemphasizing
technocratic solutions and promising advanced global food security. An overemphasis on
innovations such as CA and molecular farming potentially draws attention to quick and
easy solutions but do not to transformative changes (Klerkx and Rose 2020; Howard 2022).
Furthermore, CA as part of the fourth Industrial Revolution could have the power to fur-
ther concentrate wealth to only certain stakeholder groups rather than addressing inequity
and including a wider range of stakeholders (Klerkx and Rose 2020; Chiles et al. 2021).

To further discuss the inclusion of different stakeholders in the procedure of CA devel-
opment, Broad and Chiles (2022) introduce the concepts of thick and thin food justice.
Thin food justice is a solution that includes the benefit of economic growth and calls for
collaborations between all stakeholders to minimize the risk of monopoly and job loss in
other sectors. An example of thin food justice is that technocratic solutions are doubted
but accepted for the greater good (Klerkx and Rose 2020; Broad and Chiles 2022). On the
other hand, thick food justice expresses a strong distrust of technologies and in general this
form of justice is more radical as it actively requests an economic slowdown. CA produc-
tion may fall under the thin food justice approach as CA producers are actively involved
with the industry to push their innovation forward, but at the same time they promote a
narrative of reducing environmental harm and animal suffering (Broad and Chiles 2022).
However, even if CA producers which to pursue just the thin food justice, they would need
to show a strong commitment to establishing CA as a radical de-growth solution (less eco-
nomic growth) and to include citizens in the decision-making processes of CA solutions
(Broad and Chiles 2022; Chiles et al. 2021).

The thick food justice approach seems to work against CA development. From a utilitar-
ian point of view, the long-term consequences need to be considered. Even if the benefits
outweigh the costs compared to factory farming, one moral pitfall is the missing sover-
eignty: advocates of CA may fail to recognize and communicate the power dynamics that
come along with this new development (Moyano-Fernandez 2023).

The second principle of procedural justice is access to relevant information. Available
information comes mainly from those who produce cultured meat or from academics who
research the topic. While scientific articles concerning this topic are usually not read by the
general public, news articles about the latest developments by companies create attention,
including the comment sections, where everyone can publicly announce their opinions on
the topic and thus influence the development of CA (Ryynénen and Toivanen 2022). Some-
times it seems that CA is purposely miscommunicated by its producers to attract fundings
(Abrell 2023). In addition, technological development is characterized as rather slow to
have positive environmental impacts and current investments should have been directed
at alternative protein projects (Abrell 2023). For involved stakeholders to have the abil-
ity to keep up with the CA transition, transparency and closing current knowledge gaps
have been found to be important factors (Moritz et al. 2022). If the knowledge gaps are not
addressed early on, the development of CA could suffer as public perceptions might then
change in the course of time and become more ambiguous (Stephens et al. 2018; Moritz
et al. 2022).

Moreover, it seems that businesses are more equipped to attract funding than universi-
ties (Stephens et al. 2018), which could turn into a problem about keeping patents rather
than sharing knowledge through open access (Mahoney 2022; Howard 2022; Glaros et al.
2023). As the necessary knowledge is not yet readily available, it is problematic to pub-
licly present CA products as solutions to achieve sustainability in the food system transi-
tion (Stephens et al. 2018; Moritz et al. 2022; Rijssenbeek et al. 2022). A multi-faceted
approach should instead be promoted, including plant-based proteins and improved food
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waste management strategies as well as decision-makers to implement policy reforms to
transform the current livestock system and improve food systems (Stephens et al. 2018;
Broad 2019). Moreover, it seems that companies might follow a different notion of sustain-
ability (environmental impacts) than would be required to achieve societal change. CA is
part of the problem by causing with its practices a new norm of understanding sustainabil-
ity, if in fact thicker versions of sustainability are needed (Rijssenbeek et al. 2022).

Recognition Justice

Recognition justice emphasizes the need to recognize historical injustices, intercultural dif-
ferences, and respect for the values of all stakeholders involved in the transition. The first
principle is about respectful pluralism and esteem recognition, which aims to recognize
that there are different cultures and food practices that need to be respected. The second
principle is non-discrimination in any form. As the two principles align and the literature
on this specific topic is limited, these two principles are discussed together rather than
separately.

Technological solutions such as CA offered for fixing complex systemic problems
should recognize the need to include social and gender transformations as proposed by
the ecofeminism point of view (Lee 2018). Different forms of ideas for food systems and
how to improve sustainability bring different advantages and disadvantages to the non-dis-
criminatory justices. There are three different concepts through which CA can be analyzed:
food system reforms, food justice, and food sovereignty (Broad 2019). The idea of food
system reforms tends to emerge within the corporate system and have a strong connec-
tion to neoliberalism and technological innovations to solve food-related problems without
considering historical injustices or intercultural differences (Broad 2019). CA advocates
may be more progressive in their approach to food justice when they look for solutions that
achieve environmental benefits without marginalizing certain social groups (Broad 2019;
Ellis et al. 2022). To comply with non-discriminatory factors, food sovereignty could be
a focus for CA. Food sovereignty, or the right of all people despite their gender, age, or
culture, to have the decision power in their food system is thus the most radical and most
considered perspective of the three.

CA advocates would have to proactively try and shut down the dominant food system
structures and put the focus on small-scale stakeholders around the world, such as in a
decentralized model (Soice and Johnston 2021). A decentralized food system model there-
fore eliminates central operating power and puts the responsibility on individual stake-
holders and their needs that all stem from different backgrounds. However, CA is a mar-
ket-driven production sector. Even more than that the publicly subsidized conventional
livestock production. When food sovereignty is not considered, CA would be missing
aspects of recognition justice and therefore also fail to have a significant impact on the
planet (Broad 2019). To go beyond the market-driven approach, CA development would
need to follow a path that appreciates pluralism and non-discriminative practices along the
value chain (Ellis et al. 2022; Soice and Johnston 2021; Broad and Chiles 2022; Chiles
et al. 2021).

Capacities and Justice

Capacity building is the only principle in this dimension and refers to the necessity for
all actors to be equipped through individual skills and collective action to formulate an
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informed opinion about CA and perceive themselves as a part of food system transitions.
To form an opinion and take part in food system transitions, stakeholder groups need to
have the capacity to understand what CA is and to anticipate how it could be related to
food system transitions.

Consumers’ and citizens’ perceptions of cultured meat have been studied most. Con-
sumers’ and citizens’ capabilities to evaluate the progression of CA tend to be limited and
speculatively visible in studies analyzing news and online news comments: whereas the
media publicity about CA tends to be overly positive (Painter et al. 2020), online comment-
ers are rather negative and present several doubts related to CA’s naturalness, health, ethi-
cal aspects, and so on. (Ryynénen and Toivanen 2022).

Politicians’ and experts’ perceptions of cultured meat have also been studied. A recent
study about German politicians’ perceptions concluded that none of the leading parties had
an official and clear stance toward CA (Moritz et al. 2022). The same seems to apply to
Finnish politicians (Moritz et al. 2023). The politicians emphasized that they were com-
menting as individuals and trusted the present food system regulations. Although a con-
sensus within German politicians could be found regarding the urgent need for developing
the sustainability of current food systems, the potential role of CA was ambiguous. Studies
analyzing primary producers’ or farmers’ capabilities to adapt to food system transitions
originating from CA remain scarce. Although farmers tend to perceive novel technologies
such as CA as the next step in a long continuum of technological advancements in agricul-
ture, they are worried about the development of rural areas and the potential roles of live-
stock farmers and farmed animals in the future (Newton and Blaustein-Rejto 2021; Rty
et al. 2023).

The reviewed studies show that stakeholders’ capabilities for assessing CA and forming
informed opinions about novel food technologies such as CA and particularly their role in
a changing food system remain unclear. This lack of knowledge and capabilities to assess
the potential impacts of CA are fruitful grounds for speculation and for raising ungrounded
doubts. One study analyzed debates and social movements about Genetically Modified
Organisms (GMOs) that led to banning these technologies in the EU and drew analogies
to CA development (Mohorc¢ich and Reese 2019). The study concluded that CA could
encounter similar opposition in the future if not addressed early on and if the key stake-
holder groups’ concerns were not considered. In this case, stakeholders used their capacity
to fight GMO and succeeded in their demands to prohibiting GMO products (Mohor¢ich
and Reese 2019).

Discussion

The aim of this review was to evaluate how CA may contribute to a just food system tran-
sition and to outline the prospects of such foods for the planet and for people. The results
(Table 3) show that CA is often portrayed as a solution for future food systems, solving
major environmental problems that traditional agricultural practices have caused. While
prospective LCA studies have anticipated that CA has the potential to lower GHG emis-
sions, decrease agricultural land use, and generally contribute to SDGs, the results also
reveal several caveats. These include issues such as the inequity that CA could cause if the
current development excludes stakeholders, perpetuates power imbalances, disregards the
rights of all individuals and non-human beings within the food system, and fails to respect
food traditions and cultural differences.
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Next, the results are discussed in the context of how CA is positioned in terms of justice
dimensions and the prospects of these foods to overcome the barriers of power inequities
and sociocultural norms in food systems transformation.

A Justice System of Cellular Agriculture

CA may have the ability to shift the current food system if all the necessary parameters,
such as inclusion, technical barriers, and justice dimensions are considered. However, the
current literature on CA is rather limited when it comes to discussing justice in the pre-
requisite food system transition. Most of the reviewed literature focuses on CA improving
the environmental outcomes of food production and animal welfare conditions or assert-
ing possible contributions to more healthy food to feed the world. Moreover, the papers
that discuss CA and its ability to transform the current food systems (Moritz et al. 2022;
2023; Klerkx and Rose 2020; Newman et al. 2023a), fail to include the historical contexts
of just transformations that are required by multiple authors who have developed just tran-
sition frameworks (Whitfield et al. 2021, Heffron 2021; Tribaldos and Kortetmiki 2022;
Kaljonen et al. 2021). If the current food system is to shift toward a just CA food system,
the process needs to be inclusionary, tracing history, understanding the interconnectedness,
and including both human and non-human stakeholders (Whitfield et al. 2021; Heffron
2021; Tribaldos and Kortetméki 2022; Kaljonen et al. 2021). Table 1 describes the poten-
tial justice system for cellular agriculture that covers all the reviewed justice dimensions
and principles.

The reviewed articles address the complexity of a just transition and tend to antici-
pate challenges if consumers, farmers, and retailers are excluded (Broad and Chiles 2022;
Chiles et al. 2021; Howard 2022). The literature about transitions of socio-technical sys-
tems is focused mainly on landscape pressures such as climate change; this literature pre-
sents radical niche innovations as being able to shift the current regimes that are often
portrayed as somehow problematic or unsustainable (Geels and Schot 2007). However,
such literature has analyzed the non-linear nature of system transitions and the necessity
for actors in complex systems to consider the different dimensions of justice (Geels and
Turnheim 2022). Economic incentives are necessary to reach sustainability goals and these
incentives are included in most transition theories; however, justice dimensions should also
be emphasized (Broad and Chiles 2022; Chiles et al. 2021).

Technological advancements have historically neglected the inclusion of populations in
developing regions. Whitfield et al. (2021) draw attention to the deep-rooted inequalities
that overlooked groups experience in different parts of the global food system. They fur-
ther argue that agricultural transformations based on technological solutions, as discussed
in extant studies, hold the risk of more power asymmetries and injustice (Whitfield et al.
2021). Howard (2022) adds that in the context of CA, new technology is not made to feed
people where food is needed, at least not in the immediate future. Instead, new technology
only serves to provide new products to already captive market audiences. Mahoney (2022)
and Ellis et al. (2022) add the concern that CA would widen disparities between the devel-
oped and developing regions and hence would not seek to end poverty, which is the first
SDG. The reviewed literature thus adds to the concern that global justice (Heffron 2021)
will not be met by the development of CA by, for example, the current distribution of CA
startups.

CA could be a prospect for meeting cultural desires in diets for animal-derived food
options with lower impacts, but concurrent transitions are needed. If green energy transition
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is achieved in parity with CA technological developments, CA could make more significant
progress toward sustainable food systems (Tuomisto et al. 2022). Additionally, green energy
transitions are required to produce CA products sustainably with renewable energy sources
(Sillman et al. 2020).

Most of the promises of CA in current literature center on the environmental aspects,
with some consideration of nutrition in relation to the SDGs. Though current global guide-
lines for sustainable diets focus on the implications for lower environmental impacts, the
SDGs encompass other justice principles, which are missing in the current CA literature.
The EAT Lancet Commission emphasizes the nutritional and environmental aspects of
food transition and therefore focuses on SDGs that are more connected to the human and
to the planetary health diet (Willett et al. 2019). However, other SDGs have focused on
people and profit or prosperity in a more targeted aim for equity. SDGs are interconnected
and often even co-dependent. The omission of equity in CA technological development
neglects the justice implications of CA production in the larger food system. Most of the
literature reviewed here seems to have the same concern that CA could eventually lead to
more inequalities and work against the 10th SDG, which promotes the reduction of ine-
qualities (Ellis et al. 2022; Howard 2022; Mahoney 2022; Newman et al. 2023a).

The results of two papers show that CA is a nascent technology that will not disrupt the
current food systems soon and they even conclude that CA products may end up as merely
“niche innovations,” namely expensive additions to elite markets (Moritz et al. 2022; Ste-
phens et al. 2018). These results suggest the presence of the limited narrative of CA in that
the literature almost exclusively discusses CA in terms of benefits for the environment and
animal welfare outcomes. While the narrative of reducing livestock suffering is present in
most of the narratives, the potential negative impacts on the development of CA is over-
looked. Developing livestock-derived cultured products may strengthen the meat intake
rather than shifting away from animal-sourced foods (Heidemann et al. 2020). While one
of the initial aims of CA is reducing harm to farmed animals by replacing mass produced
conventional meat, it is uncertain if cultured products will replace factory farming or alter-
native forms of livestock production (Cole and Morgan 2013).

While some articles contributed to the justice discussion by showing the contribution
of CA to the SDGs (Newman et al. 2023a; Tuomisto 2022), the historical and intercultural
injustices relevant to CA development were much less discussed in the literature.

Rather than analyzing the root causes of injustices in food systems, the reviewed litera-
ture only mentioned the necessity to consider injustices in the CA production process (Ellis
et al. 2022; Soice and Johnston 2021; Broad and Chiles 2022; Chiles et al. 2021). Specifi-
cally, regarding the recognition justice dimension, our findings suggest that the develop-
ment of CA does not reveal a prospect for critical questioning or a recognition of the values
of present food ways and values of eating well. Moreover, the early stage of the current
development of CA might also be the cause for missing literature on how to restore jobs in
the CA transition. While Helliwell and Burton (2021), Newton and Blaustein-Rejto (2021),
and Rty et al. (2023) mention the future roles of farmers, constructive programs to restore
precisely those jobs with respect to justice are largely absent.

The resources invested in CA technologies with uncertainties should be spent where such
efforts can work in an abiding way to solve current food system challenges (Broad and Chiles
2022; Chiles et al. 2021). These voices call for investments to instead be directed toward more
promising technologies, such as controlled environmental agriculture (Glaros et al. 2022). In
this way, the opportunities that CA could bring are reasons why CA is worth investing in if
equity, transformation, and diet transitions are considered (Newman et al. 2023a). While New-
man et al. (2023a) emphasize how CA could contribute to reaching the SDGs by 2050, Broad
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and Chiles (2022) acknowledge that if CA follows the thin justice path it could be accepted by
its critics as well. In the end, the commitments made by current cellular agriculture developers
continue to adhere to a simplistic, binary narrative and an impractical timeline, which often
results in reduced transparency. This lack of transparency can contribute to growing injustices
during the transformation process, contrary to the intended goal of improving the sustainabil-
ity of food production systems.

Lastly, throughout the review it became apparent that the justice framework we used is
missing a dimension that also includes the prospect of technical equity. As innovation and
digital solutions for sustainability are more present than ever, we suggest that future research
should include a dimension to consider technical developments that are not readily available
yet as well as the ethical and cultural implications of technocratic solutions. We therefore pro-
pose a seventh dimension, fechnological justice, along with the principles of access to open
data and funding opportunities as these are crucial to each technical innovation that aims to
enhance justice (Table 1).

Considerations and Limitations

As the literature on CA and justice is scarce, the methodology used in this paper also has its
limitations. Analyzing a limited number of papers through a framework with six dimensions
showed gaps in the extant research on CA from justice perspectives. While reviewing the lit-
erature, it also became apparent that most of the findings portray CA as a development that
does not consider justice, rather than analyzing what its actual contribution to justice so far is.
Therefore, our results reflect the state of CA research, which tends to concentrate on narratives
debating on anticipated environmental impacts, farmed animal welfare, and consumer accept-
ance issues.

One consideration when doing research in a field that aims to tackle a larger, systemic prob-
lem is the need to move away from the Eurocentric or ‘Western’ world-centric perspective. As
is the case in CA development, there is little research from developing countries, which cur-
rently are the most affected by several major food systems challenges, such as the climate crisis
and the increasing hunger epidemic. While technological solutions such as CA aim to address
these problems, the potential regional gaps between producers dependents) need to be avoided.

Moreover, investments in technological developments, which reify the power imbalances in
the current food system, should be prevented in the pursuit of justice in future transitions. In
the case of CA, giving intellectual property rights and investments to large companies for the
development of sustainable products could be problematic. It could lead to the disproportion-
ate extraction of natural resources and the development of more expensive processed foods for
a narrow group of wealthy consumers, while at the same time excluding farmers, communi-
ties, and non-human stakeholders. Forthcoming research on CA should address power dynam-
ics, consider situated knowledge and values in context, and reflect on path dependencies in the
development of technologies for future food systems.

Conclusion
The need for sustainability is urgent considering the current food system challenges, such
as the climate crisis. CA products aim to contribute to a more sustainable future food sys-

tem and are thus part of the solution. In comparison to animal source proteins, CA has a
lower environmental footprint if the production technologies are developed in concert with a
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renewable energy transition. Crucially innovative technologies and food production methods
must adhere to a comprehensive justice framework encompassing various dimensions: dis-
tributional, cosmopolitan, ecological, considerations for non-human beings, procedural jus-
tice, recognition, and capacities. In addition, a justice dimension that addresses technological
principles is needed as emerging cellular agriculture production relies on complex technical
systems and innovations in engineering and science. This approach ensures that power imbal-
ances are mitigated, preventing the re-concentration of knowledge, technology, and wealth.

CA developers could benefit from taking concrete steps to ensure that their approach to
sustainable food production is rooted in all justice dimensions, aiming not only to innovate
but also to genuinely contribute to a more equitable world. Recognizing food security, sov-
ereignty, and sufficiency as intrinsic human rights enshrined within the SDGs would create
a solid basis for the development of CA products. Consequently, those at the forefront of
CA technologies will benefit from being aware of the sensitivity inherent in this subject
and should commit themselves to inclusivity, transparency, and a resolute dedication to
fulfilling their promises.

Appendices

Table 2 Examples of cellular and acellular products, their origins and cellular agricultural components

CELLULAR AGRICULTURE PRODUCTS

Consumer product category  Origin Cellular agriculture component

Cellular (Cells as main product)
Meat A Cultured meat cells
Fish A Cultured fish cells
Coffee P Cultured coffee cells
Chocolate P Cultured cacao cells
Fat A Cultured fat cells
Microbial protein M Microbial cells
Acellular (Ingredients produced by the cultivated cells)
Milk M Precision fermented microbes producing milk protein casein
Milk A Cell cultured mammalian gland cells for milk production
Baby formula A Cell cultured mammalian gland cells for human milk production
Egg white M Precision fermented microbes producing protein
ovalbumin
Fat M Precision fermented microbes producing fats that mimic animal or
plant fats
Heme M Precision fermented microbes producing heme protein

[Gives the blood a taste for plant-based foods]

Origin: A Animal, M Microorganism, P Plant

@ Springer



Food Ethics (2024) 9:22

22 Page 18 of 27

juowdojaap

VD £q paroage ojdoad 103 A31nba 91e10 SNY) pue SUOISSNISIP 9SAY) UT PISTYIUBIJUISIP pue
POO[IAA0 A[31eIaqI[ap Ua3q 9ARY Jsed ay) UT Oym SIOP[OYIN RIS ISOY) [[& IpN[our 0}
pageanoous are s1adofaersp v ury) st Surysemuaals axow pue Ajiqsuodsar [eroos 9jerodiod

sonsnf uonmusodsy [B9I U22M)2q dUT[ Y pue J[qeigoid pue S[qepIoJJe 9q 0} SPIAU Jeawr parm[n) Iyoid pue
donsnl [eInpasoid 9ouerd oy ‘ojdoad sarnseaur jey) JIRWYIUSQ dY) SB pauyap ST (T.L) 2ul] wonoq o[din ayJ, (2T02) ‘T8 19 S 9

Q1nso[osIp Jopun syuared 1oy dooy Apuarind oym siodojoaap S1q

110ddns 1oyyang pinom v A[ISe[ pue {yinosS pue YLOoN 24} uaamioq Ajredsip ay) asearour

donsnl ueyrjodowso) SNy} pue SUOISAI UTe)Idd Ul POOJ 0} SSIOJB dY) JIWI[ JAYIINY P[NOD I £10J93s AInxn| oy}
donsnl oAnNQIUSIQ U QUOTU B SW093q P[Nod J] “SAem Jua1agyip moj ur A)ymbaur 9)ea1d 03 renuajod o) sey VD (z207) Aeuoyey S

soLowwAse

sonsn( uejrjodowso) Jomod a10W 918310 P[NOJ 1 1Y) YSLI Y} SUNI 7)) ‘2I0JaIdY [, "Surajoid 90Inos [euwrrue
Qonsnl 2AnnqQLISIq sonpoid Apeaife jeyy saruedwoos S1q Aq pajjonuod Apueurwopaid st v Jo Juswrdoaaap oy, (2207) premoy t

91qissod st uonisuer jsnf JowW B SUBIW JBY) JT UOTINJOAY [RLISNPU] [)Yy ) 9OUBADE

donsnf uonmw3oday  PINod Jey) SAISO[OUYDI) Ul AIOW SUNSIAUT i10m ST 1] “uonedronied 1op[oyayels a1ow y3nomny
donsnl [eIpasoid S)JoURq [BIUSUWIUOIIAUD 2J82ID SNy} pue dIysIoumo dznerdowap o) [enuajod ay) sey y) (1202) ‘T8 19 seqyD €

saAnadsiad A1uS1a19A0s pooy yim

Jrqueduwoour A[erouas aIe pue dwidal pooj 9e1odIiod ay) UIYIIM SWIOJAI S8

payeiodioour 9q 03 A[YI] IsoW a1k saAnewId)e Jonpoid [ewruy “K1uS1a19A0s pooj pue ‘onsnl

pooj
sonsnf uonrusoooy ‘SWLIOJRI WRISAS POOJ :pazATeue 9q ued ) YoIym ySnoay) s3doouod JuaIofIp 921y} are 1oy [, (6102) peoig Z

N0 9q 0 swads yoeoidde aonsnl pooy yory ayJ, ‘yorordde aonsnl pooy uryy oy ur

sonsnf uoniugooay VD oy
sonsnl [einpadoid ooeds oq pinom a1ay) ‘wLIey [BWIUE FUIONPAI JO dATJRLIRU A} puokaq 03 0] J[qe a1om VD JI (2T07) S_MyD pue peorg 1
1 SUOISUSWIP A01ISN[ sSurpur Aoy Apmg #

sTe03 Juawdo[oAap 9[qeUTR)SNS = O (IS ‘TUSWSSISSE 9[0AD I = YT Jeol PAIM[no =JA) ‘QIM[NOLISE J[N[[od =y ) :2J0N] 'SI[NSAI ) JO ATRWWINS PUL SI[ONIE PIMIIANY € d|qeL

pringer

a's



Page 190f27 22

Food Ethics (2024) 9:22

pringer

s3ureq uewny uou pue [d130[00g

(Surtwurej [eonIoA ¢3'9) oINI[NOTISE [EJUSWIUOIIAUD

PS[[0IIUOD WOIJ SWOD [[IM SIYaUuaq AIBIQIP pue [ed150[099 1S9yS1y Y], ‘KI[1qISea) MO AToA
' sey YD Y3noy uaAd ‘050z Aq wlsAs pooj [eqo[s Yy uo joedwr aanisod v dAeY PInoo
VD pue s1onpoid J13y) ur 20uapyuod Y3y e moys sioonpoid D) ‘WIdIsAS pooj s[qeuresns

Qs

sonsn( uejrjodowso) aJoW € 01 9INqLIUOS 0} [enuajod oy} Sey Jey) SIANUOIJ POOJ [9AOU dAY A} JO AUO ST YD) (2207) 'Te 18 sore[n !

uonnos

IIBJ € JOU SI )1 QI0JAIAY) PUE QUOAISAD 0) J[QB[IBAR PUR J[QISS0E 9q 0) A[ayIun A[yS1y st ng A)ndes

Pooj dao1dwr pynom [epow Jeye Ay, SpIeZey UOHRUITUEIUOD ‘9OUE)SUI JOJ ‘SUIonpal pue Ureyd-onfea

Q) SuNBUIWITY 2I0JAIAY) “I0JOBAIOIG UMO S)I SUIARY P[OYSNOY AIOAD JO BIPI AU} SMO[[O] [9potT

oonsnf uonusoody  pANGLISIP 9], “19JI0Ys aq pP[nom ureyo Ajddns oy pue ‘papn[oul aq P[nod SISP[OYANLIS AeIS-[[BUS

sonsn[ uejrjodowso)) ‘[opOW PAZI[ENUIIP Y} U] *SWONO JMOU0IS JSYSIY ) 0) Ped] P[NOM [9POW PIZI[ENUD © UT
Q01ISN[ QATINGINSI] VD swasAs A[ddns poynqLisIp pue ‘pazI[enuadap ‘pIZI[enuad Jo WSII[ oy Ul pozATeue ST ) (1707) uoIsuyof pue 910§ 1

Swo[qo1d [BIUSWIUOITAUD MU PUE SAINI[NOOUOW MU aonpoidar

0) AJI[IqE ) YIIM SOOUD[IS AIIONIISIP JANLID SeY YD) ‘IOAOMOH Juawdo[oaap sIy) Jo saouonb

-9su09 9[qissod oY) JuIssaIppe INOYIIM INI[NOLISE [RUONIPRI) JO SAWO0INO0 JANRIAU I [[B
Qonsnf oAnNngINsIq  9oe[dal USAQ IO 90NPaI 0] J[qe SI Jey) A30[ouydd) e SI 1 Jey) are ) Jo seanerreu Ajosstwoid ayJ, (1207) uoying pue [[oMI[[oH 01

juasald osfe are sarnowwAse 1omod Jo saSejuBApeSIp

sonsnl pue senoede) ‘poSpa[MOUYOE dIe $JOUq [BIUSWUOIIAUS YSNOY) USAF "SWISAS Pooj SuTuIojsue) uey)
Qonsnl 2AnNqIISIq JIoyJel JoJel 9y} O} UONIPPE UR SB UJIS ST SIOP[OYIYe)s UBULION) Jo aandadsiad oy) woly v) (2207) T8 19 7O 6

QWOJIAA0 9q UBD SA[D

s3ureq uBWINY/UOU pUB [BIIS0[0dH £q sDsS ay yoeas Apaed 0y Ayunyzoddo ue se pakeniod st ) “srewrue jo uonddjoid oy
sonsn( uejrjodowso) pue ‘Ayradsoxd 9ouerd oy ‘ojdoad uo seare snooy ojur pazLio39)ed aq ued SOS L] YL (B€T07) ‘T 1M UBWIMAN 8

BLIOILIO UOISNOXd pue uorsnjour 31o17dxa

aAey Jey) skemyjed uonIsuRI) 9SISAIP 918910 PUE SUONN[OS JOYI0 [IIM ISIX009 0] JYSno Koy

1B} 9ZI[Bal 0) Paau s19onpoid YD) “IOYI0 YoBd 0] JAISN[IXA Jou dre skemyied om) 2say) ysnoy

uaA9 ‘Kemyjed uaarip-jgoid oy) Surye; pue Surstwoidwod ueyy 1oyjer skemyied ojqeureisns

sonsnf ueyrodowso) umop 3uro3 Jo A[iqrsuodsal ay) Uo e} 0) PIau SASO[OUYI) () f AIM[NOLITY “SaISo[ouyd)
oonsnf aANQIISI(T IoU)o uey) A[[NJoIed 9I0W PAsSNOSIP 9q 0} Padu [e03 AJ[IqeureIsns & Yiim SorSo[ouyod) [QAON (0207) 950y pue X3 L
1 SUOISUSWIP d21ISN[ sSurpur Aoy Apmig #

(ponunuoo) ¢ s|qey



Food Ethics (2024) 9:22

22 Page 20 of 27

2onsn( [eInpasoid

sonsnl feIpasoig

s300fo1d urejoid aATIRUIS)E PIEMO) PRJIAIIP

U99q 9ABY PINOYS SJUSUISIAUT JUILIND) “JBWI[D 3y} U0 Joedwr aanisod v oAey 0) YSnoua Isej Jou

s1 9] ‘Surpunj joerne o} sxeonpoid s31 4q pajestunwwodstu A[esodind st v Jo Juswdoraasp oy,
10U YOIyM pue

oniA ur 2onpoid 0) S[EWIUE YoM SPIOAP SUBWINY UYM PAZIuS0daI oq p[noys s3ureq UBWNY-UoU

Jo KyaSayur oy Joyling Juowdo[oAdp MU SIY) YIm SUO[E SWOd Jey) sOrweuAp Jomod ay
QJEOTUNUWIOD Uk 9ZIUS0I21 0 [Ief Jej SNy JeAW PAIM[Nd JO $I190NpoId AJUT1a10A0S SUISSTU )
st [repid [erow suo ‘@ImymoriSe [euonipes o} paredwod $1509 3y YS1oMINO SIYauaq 3y}
J1 USAY "PRISPISUOD 9q 0) PAAU $20UaNbasu0d u1e}-3uof Y} “Mala Jo jurod ueLIe)mN B

woL] ‘AJLINO3S POOJ Se Yons saouanbasuod wid)-110ys 2A1Isod dABY 0 SWIIs JeAW paInin)d)

suewIny Se SWes Y} pan[eA 3q p[noys

s3ureq UBWINY-UOU PAUISIUOD T SIJAUIQ dISYM B} SITPa[mous(de Jeyy Suruedw danoadsiad Ted

Qonsnf uonugoosoy

sonsnf uonu3osoy
s3ureq ueBWINY/UOU pUB [BIIS0[0dH

Qonsn[ ueyrjodowso)

s3ureq UBWINY/UOU pue [BIIS0[09]
Qonsn[ ueyrjodowso)

-IJQ PUB SAISN[OUT UE ISPISUOD P[NOYS JNQ DUBUILOP IOW IOJ [00} B SB Pasn 2q Jou p[noys v

Jo juowdoraaap a3 jeyy doueytodwr oY) s9zIseydud JOUNINJ MIIA [BIIS0[00J ISTUTISJ A ], “MITA
J0 jurod WSTUTWRJ099 oY) woiy pasodoid se suoreUIIOJSUET) JOPUSS pPUE [BIO0S 9PNJOUT 0} PISU
9y 9z1uS0031 prnoys ‘swa[qord onewa)sAs xo[dwod Xy 0] ‘YD) St yons ‘suonnjos [ed130[ouyod],

s1odo[oAap JuanInd Aq pojueis 10j uoye)

9q jou p[noys pue agueyd Ap[omb ues juswdoreasp v Jo suondoorad orjqnd oy, ‘uonnjos

ATuo 9y se ua9s 9q Jou p[noys v pue ‘pajowoid aq prnoys yoeoidde pejooe-ninu e ‘youed
) uo joedwir ue aaey O, ‘sagud[reyo pue seniuniioddo snorrea saoey v Jo Juawdo[oadp Ay,

Paposu are AJI[IqeUre)sns JO SUOISIOA

IOy, “A)Iqeure)sns SUIPUBISIOPUN JO WLIOU mau & saonoeld sjr yiim Sursneds £q wajqord

9y Jo yred s1 D) "oueyd [£12100S 2A3IYOR 0) pasnbar oq pinom jeym uey (syoedwi [elusw

-UOIIAUQ) AJI[IqRUTRISNS JO UOTIOU JUSIIJIP B MO[[O] YT sarueduiod Jey) Swads I1 ‘9I0JoId ],
‘pauonsanb s1 Ayijrqeurelsns jo uonejardisiur oY) SUILIAOUOD Ajurelreoun dAnewIou [enydoduo)

9[qe[TeAR QW092q SANI[IOR] uononpoid oress-o3Ie] woij ejep

uaym pasroidwur oq Ued SAIpNIs YT Jo AoeInode oy ‘uononpoid jeawr parnyno Jurpre3ay

'SOS 2y Suryoeal 0) UOHNGINUOD Jofewr B ayew p[nom ) 1ey) A[Iun s1 i1 ‘dn poress

9q ued uononpoid ay) 210jaq Juawdo[aaap Jofew saxnmbai [[ns v sy ‘senurelreoun Y3y
oARY S)[NSAI Ay snyy) pue ‘suondwnsse pue SUI[OPOW UO Paseq 1€ ) JO sAIpnIs VT

(£200) 11219V

(€207) zopuguIag-oueko

(8100) 91

(8107) ‘T 10 suoydals

(T207) Te 12 Yooquassiy

(zT07) oistwong,

81

LT

91

Sl

14!

€l

JJ SUOTSUAWITP 1SN

sSurpur Aoy

Apmg

#

(ponunuoo) ¢ s|qey

pringer

a's



Page 210f27 22

Food Ethics (2024) 9:22

Joireq

Qonsnl s3ureq
ueWNY-UoOU pue [ed130[00q

Qonsn( ueyrjodowso)

sonsn( uejrjodowso)

EJep [euonippy

joedur 3s9mof

o) 9By KOS PUE $109SUT SeaIOUM JoedT [BJUSUIUOIIAUD 1SIOM YY) SBY SIATJRUIdIR JU) [[B JO
(son3oeue paseq-urejoidooAw pue Jeatw paImnod) YO Jey) SMOYS SAIMIISqNs Jeaul Jo YT YL

QUOAIAD 10O 9[qepIOJJe OS[E SI JBY) 2InNJ AY) I0J POOJ jeIouaT 0) Aressaoau st yorordde
Kreurdiostpnnu e ‘uononpoid v se yons ‘A3ojouyo9) arnjewaid e Jo swojqoid ay) ssaIppe o],

sa13o[outo9) pooj uo Kouspuadop s)1 pue aoeds [eIMNOLISE JO JOB[ SIT 03 NP

SI s9130[0UYd9) POOJ [9A0U 0} pajdepe [[om s1 a1r0de3urS Aym UOSBaI Y], 'SIOINOSAI SILIUNOD
[oea 0} SUIpI0ddE I8 PazATeur aq 01 Spadu ) JO Juowdo[oadp oy} ‘mara Jo jurod eqo[S © woI]

paspajmou|oe

9q 03 spaau saonoead jo Apeinid oy ‘arnynoride Jurop Jo sAem mau Sy} JUISSNOSIP USYAA "UOT)

Qonsnf aAINqQIISIQ
Qonsnl s3ureq
URWINY-UOU pu® [BI130[09

sonsnf ueyrodowso)
Qonsnf s3ureq uewny-uou pue
[eorSo100g sonsnl eAnNqLUSIq

Qonsnf aAINqQIISIQ

-BZI[eUIO3p 210w pue sureyd Ajddns 19110ys 03 pes] pinom yoeoidde [ermnorse [eoo] ‘poIk
Y31y v VD SB yons sa130[ouyda) pooj [oAou Jurpnjour saonoeld JudIojjip Auew Jo UONBUIQUIOD
© STJ] "SW)SAS QATIBUIS)[E "SA [RUONIIPEI) ) PuoAdq [eImnotise o} yoeordde ue st aroy],

$90IN0S
A319u0 9[qeMaUaI YIIm uop JI A[uo ng pooj Suronpoid Jo Aem JUIOYJS AJ[RIUSWUOIIAUD UR ST YD)

sqonoead [eanynonide Junsixa Jo Ajfiqeure)sns ay) Suroueape
Uo 9q PINOYS SNO0J oY} ‘WId) 1I0YS Y} UT “ISIXS SANSST AJLINOJS POOJ 1SAYSIY Y} 2I0YM ‘SOLIIUNOD
QUIOOUT-MO] UT J[qB[TRAR 9q [[IM JBIW PaIn)[nd Jey A[ayIjun s1 1 ‘s)sod uononpoid y3iy oy 03
an( ‘swajqoid Juarmd uo joedwr ue aAey 0} pado[oAdpIapun 003 3£ se are A9y Inq ‘AJLIMOAS
pooj 1eqo[3 2a01dur 0y padofaaap st uononpoid jeawl paIn)[nd st yons sAF0[0Uyd) POOJ [SAON
S11p JO Sjoedwl [BJUSWUOIIAUD dANEIIU JO UONONPAI
9y} 03 9INQLIIUOD UEBD SUT)0Id [BIGOIOTW pue Y[IW pPAjuauLIe) uorsraid se yons sjonpoid vy
onsrurssad sow Y} 9q 0}
wads oym ‘srowirej ueadoinyg uey) onsrundo dIow WSS sIOULIR) uel[izelg ‘ysnous oantoddns
a1e $a139)e1S MoU pue saInsedw Ao1jod J1 sqol mou 91ea1d ued SAISO[OUYIS) POO] [OAOU
ey onstundo Wo9s SIOULIR) ‘JOAMOH ‘ANSNpul [eIN)[NOLISe [BUOTIPRI) Ul SIOULIR) AI8 PJOJje
Jsour oy, "ureyd anfea ay} Suofe PP v Jo juowdoressp oYy £q pejoaje are jey) sqol oy,

(S107) e 19 vuvOWS 9z

(2200 T8 19 Yriwug 4

(0207) T2 10 oW ¥C

(A€T00) "Te 10 uBWIMON €T

(8100) 'Te 12 Iporeq (44

(6107) oistwon, 1T

(2207) 'Te 12 ez 0C

(2207) eAlIS-Ep-SIEIOIN 61

JJ SUOTSUAWITP 1SN

sSurpur Aoy

Apmg #

(ponunuoo) ¢ s|qey

pringer

Qs



Food Ethics (2024) 9:22

22 Page22of27

donsnl [eINpasoId

Qonsnf pue sanoede)
Qonsnl s3ureq
UuRWINY-UOU puk [BI130[09q
onsnl s3ureq
urwINY-uou pue [ed130[00g
Qonsnl s3ureq
UBWINY-UOU PUB [eI1S0[09H
onsnl s3ureq
UuRWINY-UOU puk [BI130[09H
Qonsnl s3ureq
uBWNY-UOU PUE [B2150]00]
donsnl s3ureq
UBWINY-UOU pue [BI130[00H
Qonsnl s3ureq
urwINY-uou pue [ed130[00g

Qonsnf aAINqQIISIQ

Krejuawo[dwod sns1oA Judwade[dar pue paso[d snsidA uado ‘pazZI[eruddp SNSIA
PAZIENUI)) “IONIBW A} IAUD [[IM D MOT] JO SUOISUIUWIIP A} SSISSB 0} SMIATAINUI JOP[OYYeIS

Jouroyur oY) uo o[doad Aq passnosip pue paardrad are sysLI
IO SSQU[BINJBU MO "SIUSWIWOD SMIU JUI[UO UO PISBQ Jeaw paInj[no jo sSuruesw SurSIows Y,

1omO] Apueoyrusis st 3oedwl [BJUSWUOIIAUL Ay} surdjold
paseq-fewrtue o} paredwo)) “surajoid 1oy1o 03 paredwos surajoid [erqoIdrw jo joedur Ay,

ySy aunb st uondwnsuod A319u9 Jey) smoys sermnd (39 juerd Jo YT YL
JoedWT [RIUSWUOIAUD JOMO] & smoys suonedrdde
pooj 01 1amod “suornjesridde pooy 03 romod y3noay) sursjord [erqorotw jo Apnis VOV

S90INOS I[qBMAURI JO SUBIW Aq PIIIMO[ 9q 0} SPIdU
uondwnsuoos AS1ouy surejoid 10§ UOTN[OS S[QBUTLISNS AIOUI B SB PISSISSE ST U1j0xd [e1qOIOTA

SOLIRUQDS 2INNJ PUB 1AW PAIMND JO SISATeUR (YHL) JUSWISSISSE JTUWOU0I-0UYI) Y
$90IN0S A3I3US 9[qeMIUAI YSNOIY) PAIIMO] 3q UBD 1]

oedwWl [RIUSWUOIIAUD JSAYSIY Y} SBY WNIPIW A} ‘ssav01d uononpoid jeaur parnind ayj uf
Y31y [[us st asn A310us 9y} YSnoyl[e ‘sualsAs pooy [euonipen woij surajoid paseq

-[PWIUR UBY) JUIOLJD 2IOW PAIIPISUOD ST YIIYM ‘uononpoid jeawr parmnd 10j YT Aue-x7
JUQISBU 00) 9q 0} AF0[OUYD) JOPISU0D A}

ySnore 31 03 uado WSS SISWLIR,] "UONISURT) YD) Y} UT PIPN[OUT 9q UED SIQULIE] MOY] UO ApMis

(€£200) 'Te 10 sore[D 9¢

(TT07) uaurAIOL, puv USURUALY se

(T200) 'Te 10 QIAIEf 143

(TT0?) '1e 19 ysekeqosy ¢

(0207) 'Te 30 uew[Ig 43

(0202) 'Te 12 11 Ie

(1702) ¥Ied 9D 0¢

(220T) 'Te 10 osTIng, 62

(€200) "Te 10 duIg 8C

(€200) Livy LT

JJ SUOTSUAWITP 1SN

sSurpur Aoy

Apmg #

(ponunuoo) ¢ s|qey

pringer

a's



Food Ethics (2024) 9:22 Page 23 0f27 22

Author Contributions J.M.: Methodology, Formal analysis, Investigation, Writing—Original Draft, Writ-
ing—Review and Editing, Visualization R.M.: Methodology, Formal analysis, Investigation, Writing—
Original Draft, Writing—Review and Editing, Visualization M.U.: Writing—Review and Editing N.R.:
Writing—Review and Editing H.T.: Conceptualization, Writing—Review and Editing, Supervision T.R.:
Conceptualization, Writing—Review and Editing, Supervision, Funding acquisition.

Funding Open Access funding provided by University of Helsinki (including Helsinki University Central
Hospital). The Kone Foundation (grant no. 201802185).

Declarations

Ethical The authors declare no ethical conflicts.

Conflict of Interest The first author is a co-founder of CellAg Germany, a non-profit organisation aiming to
accelerate the development of cellular agriculture in Germany.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abbass, K., M.Z. Qasim, H. Song, M. Murshed, H. Mahmood, and I. Younis. 2022. A review of the global
climate change impacts, adaptation, and sustainable mitigation measures. Environmental Science and
Pollution Research 29 (28): 42539-42559.

Abrell, E. 2023. The empty promises of cultured meat. In The good it promises, the harm It does: Critical
essays on effective altruism, ed. C.J. Adams, A. Crary, and L. Gruen. Oxford: Oxford University Press.

Berkhout, F., A. Smith, and A. Stirling. 2004. Socio-technological regimes and transition contexts. System
innovation and the transition to sustainability. Theory, Evidence and Policy 44 (106): 48-75. https://
doi.org/10.4337/9781845423421.

Broad, G.M. 2019. Plant-based and cell-based animal product alternatives: An assessment and agenda for
food tech justice. Geoforum 107: 223-226.

Broad, G.M., and R.M. Chiles. 2022. Thick and thin food justice approaches in the evaluation of cellular
agriculture. Nature Food 1-3. https://doi.org/10.1038/s43016-022-00603-x

Bryant, C.J. 2020. Culture, meat, and cultured meat. Journal of Animal Science 98 (8): skaal72. https://doi.
org/10.1093/jas/skaal72.

Bryant, C., and C. Dillard. 2019. The impact of framing on acceptance of cultured meat. Frontiers in Nutri-
tion 6: 103. https://doi.org/10.3389/fnut.2019.00103.

Bryant, C., L. van Nek, and N. Rolland. 2020. European markets for cultured meat: A comparison of Ger-
many and France. Foods 9 (9): 1152. https://doi.org/10.3390/foods9091152.

Burton, R.J. 2019. The potential impact of synthetic animal protein on livestock production: The new “war
against agriculture”? Journal of Rural Studies 68: 33—45. https://doi.org/10.1016/j.jrurstud.2019.03.002.

Campbell, B.M., Beare, D.J., Bennett, E.M., Hall-Spencer, J.M., Ingram, J.S., Jaramillo, F., and D. Shin-
dell. 2017. Agriculture production as a major driver of the Earth system exceeding planetary bounda-
ries. Ecology and Society 22 (4). https://doi.org/10.5751/ES-09595-220408

CE Delft. 2021. 2021 LCA of cultivated meat-future projections for different scenarios. CE Delft, Delft 50

Chiles, R.M. 2013. Intertwined ambiguities: Meat, in vitro meat, and the ideological construction of the
marketplace. Journal of Consumer Behaviour 12 (6): 472—482. https://doi.org/10.1002/cb.1447.

Chiles, R.M., G. Broad, M. Gagnon, N. Negowetti, L. Glenna, M.A. Griffin, and K. Beck. 2021. Democ-
ratizing ownership and participation in the 4th Industrial Revolution: Challenges and opportuni-
ties in cellular agriculture. Agriculture and Human Values 38 (4): 943-961. https://doi.org/10.1007/
$10460-021-10237-7.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.4337/9781845423421
https://doi.org/10.4337/9781845423421
https://doi.org/10.1038/s43016-022-00603-x
https://doi.org/10.1093/jas/skaa172
https://doi.org/10.1093/jas/skaa172
https://doi.org/10.3389/fnut.2019.00103
https://doi.org/10.3390/foods9091152
https://doi.org/10.1016/j.jrurstud.2019.03.002
https://doi.org/10.5751/ES-09595-220408
https://doi.org/10.1002/cb.1447
https://doi.org/10.1007/s10460-021-10237-7
https://doi.org/10.1007/s10460-021-10237-7

22 Page 24 of 27 Food Ethics (2024) 9:22

CNN. 2023. Lab-grown meat is cleared for sale in the United States. CNN Business. https://edition.cnn.com/
2023/06/21/business/cultivated-meat-us-approval/index.html . Accessed Oct 2023

Cole, M., and K. Morgan. 2013. Engineering freedom? A critique of biotechnological routes to animal lib-
eration. Configurations 21 (2): 201-229.

Datar, I., Kim, E., and G. d’Origny. 2016. New harvest. In: The Future of Meat without Animals. Rowman
and Littlefield, pp. 121-131

Dupont, J., T. Harms, and F. Fiebelkorn. 2022. Acceptance of cultured meat in Germany—Application of
an extended theory of planned behaviour. Foods 11 (3): 424. https://doi.org/10.3390/foods11030424.

Ellis, M.J., Sexton, A., Dunsford, I., and N. Stephens. 2022. The triple bottom line framework can con-
nect people, planet and profit in cellular agriculture. Nature Food, 1-3. https://doi.org/10.1038/
$43016-022-00619-3

Geels, F.W. 2002. Technological transitions as evolutionary reconfiguration processes: A multi-level
perspective and a case-study. Research Policy 31 (8-9): 1257-1274. https://doi.org/10.1016/S0048-
7333(02)00062-8.

Geels, F.W., and J. Schot. 2007. Typology of sociotechnical transition pathways. Research Policy 36 (3):
399-417. https://doi.org/10.1016/j.respol.2007.01.003.

Geels, F.W., and B. Turnheim. 2022. The Great Reconfiguration. Cambridge University Press.

Geels, F.W,, F. Kern, G. Fuchs, N. Hinderer, G. Kungl, J. Mylan, and S. Wassermann. 2016. The enact-
ment of socio-technical transition pathways: A reformulated typology and a comparative multi-
level analysis of the German and UK low-carbon electricity transitions (1990-2014). Research
Policy 45 (4): 896-913. https://doi.org/10.1016/j.respol.2016.01.015.

Glaros, A., S. Marquis, C. Major, P. Quarshie, L. Ashton, A.G. Green, and E.D. Fraser. 2022. Horizon
scanning and review of the impact of five food and food production models for the global food sys-
tem in 2050. Trends in Food Science and Technology 119: 550-564. https://doi.org/10.1016/j.tifs.
2021.11.013.

Glaros, A., R. Newell, E. Fraser, and L.L. Newman. 2023. Socio-economic futures for cellular agricul-
ture: The development of a novel framework. Frontiers in Sustainable Food Systems 7: 970369.
https://doi.org/10.3389/fsufs.2023.970369.

Guthman, J., and C. Biltekoff. 2022. Agri-food tech’s building block: Narrating protein, agnos-
tic of source, in the face of crisis. BioSocieties 18 (3): 656-678. https://doi.org/10.1057/
$41292-022-00287-3.

Guthman, J., M. Butler, S.J. Martin, C. Mather, and C. Biltekoff. 2022. In the name of protein. Nature
Food 3 (6): 391-393. https://doi.org/10.1038/s43016-022-00532-9.

Heffron, R.J., and R.J. Heffron. 2021. What is the “just transition”?. Achieving a Just Transition to a
Low-Carbon Economy, 9-19. https://doi.org/10.1007/978-3-030-89460-3_2

Heidemann, M.S., C.F.M. Molento, G.G. Reis, and C.J.C. Phillips. 2020. Uncoupling meat from ani-
mal slaughter and its impacts on human-animal relationships. Frontiers in Psychology 11: 535710.
https://doi.org/10.3389/fpsyg.2020.01824.

Helliwell, R., and R.J. Burton. 2021. The promised land? Exploring the future visions and narrative
silences of cellular agriculture in news and industry media. Journal of Rural Studies 84: 180-191.
https://doi.org/10.1016/j.jrurstud.2021.04.002.

HLPE. 2020. Food security and nutrition: building a global narrative towards 2030. A report by the High
Level Panel of Experts on Food Security and Nutrition of the Committee on World Food Security, Rome

Holscher, K., J.M. Wittmayer, and D. Loorbach. 2018. Transition versus transformation: What’s the dif-
ference? Environmental Innovation and Societal Transitions 27: 1-3. https://doi.org/10.1016/j.eist.
2017.10.007.

Holt-Giménez, E., A. Shattuck, M. Altieri, H. Herren, and S. Gliessman. 2012. We already grow enough
food for 10 billion people... and still can’t end hunger. Journal of Sustainable Agriculture 36 (6):
595-598. https://doi.org/10.1080/10440046.2012.695331.

Howard, P.H. 2022. Cellular agriculture will reinforce power asymmetries in food systems. Nature Food,
1-3. https://doi.org/10.1038/s43016-022-00609-5

IPES-Food. 2022. The politics of protein: examining claims about livestock, fish, ‘alternative proteins’
and sustainability. https://www.ipesfood.org/_img/upload/files/PoliticsOfProtein.pdf. Accessed
04.01.2024

Jarvio, N., N.-L. Maljanen, Y. Kobayashi, T. Ryyninen, and H.L. Tuomisto. 2021. An attributional life
cycle assessment of microbial protein production: A case study on using hydrogen-oxidizing bacte-
ria. Science of the Total Environment 776: 145764. https://doi.org/10.1016/j.scitotenv.2021.145764.

Kaljonen, M., T. Kortetméki, T. Tribaldos, S. Huttunen, K. Karttunen, R.S. Maluf, and L. Valsta. 2021.
Justice in transitions: Widening considerations of justice in dietary transition. Environmental Inno-
vation and Societal Transitions 40: 474-485. https://doi.org/10.1016/j.eist.2021.10.007.

@ Springer


https://edition.cnn.com/2023/06/21/business/cultivated-meat-us-approval/index.html
https://edition.cnn.com/2023/06/21/business/cultivated-meat-us-approval/index.html
https://doi.org/10.3390/foods11030424
https://doi.org/10.1038/s43016-022-00619-3
https://doi.org/10.1038/s43016-022-00619-3
https://doi.org/10.1016/S0048-7333(02)00062-8
https://doi.org/10.1016/S0048-7333(02)00062-8
https://doi.org/10.1016/j.respol.2007.01.003
https://doi.org/10.1016/j.respol.2016.01.015
https://doi.org/10.1016/j.tifs.2021.11.013
https://doi.org/10.1016/j.tifs.2021.11.013
https://doi.org/10.3389/fsufs.2023.970369
https://doi.org/10.1057/s41292-022-00287-3
https://doi.org/10.1057/s41292-022-00287-3
https://doi.org/10.1038/s43016-022-00532-9
https://doi.org/10.1007/978-3-030-89460-3_2
https://doi.org/10.3389/fpsyg.2020.01824
https://doi.org/10.1016/j.jrurstud.2021.04.002
https://doi.org/10.1016/j.eist.2017.10.007
https://doi.org/10.1016/j.eist.2017.10.007
https://doi.org/10.1080/10440046.2012.695331
https://doi.org/10.1038/s43016-022-00609-5
https://www.ipesfood.org/_img/upload/files/PoliticsOfProtein.pdf
https://doi.org/10.1016/j.scitotenv.2021.145764
https://doi.org/10.1016/j.eist.2021.10.007

Food Ethics (2024) 9:22 Page 250f27 22

Klerkx, L., and D. Rose. 2020. Dealing with the game-changing technologies of Agriculture 4.0: How
do we manage diversity and responsibility in food system transition pathways? Global Food Secu-
rity 24: 100347. https://doi.org/10.1016/j.gfs.2019.100347.

Kobayashi, Y., E. Kérkkidinen, S.T. Hiakkinen, L. Nohynek, A. Ritala, H. Rischer, and H.L. Tuomisto.
2022. Life cycle assessment of plant cell cultures. Science of the Total Environment 808: 151990.
https://doi.org/10.1016/j.scitotenv.2021.151990.

Lee, A. 2018. An ecofeminist perspective on new food technologies. Canadian Food Studies 5 (1): 63-89.

Loorbach, D., N. Frantzeskaki, and F. Avelino. 2017. Sustainability transitions research: Transforming
science and practice for societal change. Annual Review of Environment and Resources 42: 599—
626. https://doi.org/10.1146/annurev-environ-102014-021340.

Lucas, A. 2020. Singapore issues first regulatory approval for lab-grown meat to Eat Just. CNBC. https://
www.cnbe.com/2020/12/01/singapore-issues-first-regulatory-approval-for-lab-grown-meat-to-eat-just.
html. Accessed 01.02.2023

Mahoney, B. 2022. Let them Eat Cultured Meat: Diagnosing the Potential for Meat Alternatives to Increase
Inequity. Food Ethics 7 (2): 15. https://doi.org/10.1007/s41055-022-00108-0.

Mancini, M.C., and F. Antonioli. 2019. Exploring consumers’ attitude towards cultured meat in Italy. Meat
Science 150: 101-110. https://doi.org/10.1016/j.meatsci.2018.12.014.

Mattick, C.S. 2018. Cellular agriculture: The coming revolution in food production. Bulletin of the Atomic
Scientists 74 (1): 32-35.

Mayring, P. 2000. Qualitative Content Analysis. Forum: Qualitative Social Research 1 (2).

Mazac, R., J. Meinild, 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): 286-293. https://doi.org/10.1038/s43016-022-00489-9.

Mohor¢ich, J., and J. Reese. 2019. Cell-cultured meat: Lessons from GMO adoption and resistance. Appetite
143: 104408. https://doi.org/10.1016/j.appet.2019.104408.

Mok, W.K., Y.X. Tan, and W.N. Chen. 2020. Technology innovations for food security in Singapore: A case
study of future food systems for an increasingly natural resource-scarce world. Trends in Food Science
and Technology 102: 155-168. https://doi.org/10.1016/j.tifs.2020.06.013.

Morais-da-Silva, R.L., E.G. Villar, G.G. Reis, H. Sanctorum, and C.F.M. Molento. 2022. The expected
impact of cultivated and plant-based meats on jobs: The views of experts from Brazil, the United
States and Europe. Humanities and Social Sciences Communications 9 (1): 1-14. https://doi.org/10.
1057/s41599-022-01316-z.

Moritz, J., H.L. Tuomisto, and T. Ryynénen. 2022. The transformative innovation potential of cellular agri-
culture: Political and policy stakeholders’ perceptions of cultured meat in Germany. Journal of Rural
Studies 89: 54-65. https://doi.org/10.1016/j.jrurstud.2021.11.018.

Moritz, J., M. McPartlin, H.L. Tuomisto, and T. Ryynidnen. 2023. A multi-level perspective of potential
transition pathways towards cultured meat: Finnish and German political stakeholder perceptions.
Research Policy 52 (9): 104866.

Moyano-Fernandez, C. 2023. The moral pitfalls of cultivated meat: complementing utilitarian perspective
with eco-republican justice approach. Journal of Agricultural and Environmental Ethics 36 (1): 23.
https://doi.org/10.1007/s10806-022-09896-1.

Newman, L., R. Newell, C. Dring, A. Glaros, E. Fraser, Z. Mendly-Zambo, and K.B. Kc. 2023. Agriculture
for the Anthropocene: Novel applications of technology and the future of food. Food Security 15 (3):
613-627. https://doi.org/10.1007/s12571-023-01356-6.

Newman, L., Fraser, E., Newell, R., Bowness, E., Newman, K., and A. Glaros. 2023. Cellular agriculture
and the sustainable development goals. In: Genomics and the Global Bioeconomy. Academic Press,
pp. 3-23. https://doi.org/10.1016/B978-0-323-91601-1.00010-9

Newton, P., and D. Blaustein-Rejto. 2021. Social and economic opportunities and challenges of plant-based
and cultured meat for rural producers in the US. Frontiers in Sustainable Food Systems 5 (10): 624270.
https://doi.org/10.3389/fsufs.2021.624270.

Painter, J., J.S. Brennen, and S. Kristiansen. 2020. The coverage of cultured meat in the US and UK tradi-
tional media, 2013-2019: Drivers, sources, and competing narratives. Climatic Change 162: 2379-
2396. https://doi.org/10.1007/s10584-020-02813-3.

Parodi, A., A. Leip, I.J.M. De Boer, PM. Slegers, F. Ziegler, E.H. Temme, and H.H.E. Van Zanten. 2018.
The potential of future foods for sustainable and healthy diets. Nature Sustainability 1 (12): 782-789.
https://doi.org/10.1038/s41893-018-0189-7.

Poore, J., and T. Nemecek. 2018. Reducing food’s environmental impacts through producers and consumers.
Science 360: 987-992. https://doi.org/10.1126/science.aaq0216.

Post, M.J. 2012. Cultured meat from stem cells: Challenges and prospects. Meat Science 92 (3): 297-301.
https://doi.org/10.1016/j.meatsci.2012.04.008.

@ Springer


https://doi.org/10.1016/j.gfs.2019.100347
https://doi.org/10.1016/j.scitotenv.2021.151990
https://doi.org/10.1146/annurev-environ-102014-021340
https://www.cnbc.com/2020/12/01/singapore-issues-first-regulatory-approval-for-lab-grown-meat-to-eat-just.html
https://www.cnbc.com/2020/12/01/singapore-issues-first-regulatory-approval-for-lab-grown-meat-to-eat-just.html
https://www.cnbc.com/2020/12/01/singapore-issues-first-regulatory-approval-for-lab-grown-meat-to-eat-just.html
https://doi.org/10.1007/s41055-022-00108-0
https://doi.org/10.1016/j.meatsci.2018.12.014
https://doi.org/10.1038/s43016-022-00489-9
https://doi.org/10.1016/j.appet.2019.104408
https://doi.org/10.1016/j.tifs.2020.06.013
https://doi.org/10.1057/s41599-022-01316-z
https://doi.org/10.1057/s41599-022-01316-z
https://doi.org/10.1016/j.jrurstud.2021.11.018
https://doi.org/10.1007/s10806-022-09896-1
https://doi.org/10.1007/s12571-023-01356-6
https://doi.org/10.1016/B978-0-323-91601-1.00010-9
https://doi.org/10.3389/fsufs.2021.624270
https://doi.org/10.1007/s10584-020-02813-3
https://doi.org/10.1038/s41893-018-0189-7
https://doi.org/10.1126/science.aaq0216
https://doi.org/10.1016/j.meatsci.2012.04.008

22 Page 26 of 27 Food Ethics (2024) 9:22

Post, M.J., S. Levenberg, D.L. Kaplan, N. Genovese, J. Fu, C.J. Bryant, N. Negowetti, K. Verzijden, and P.
Moutsatsou. 2020. Scientific, sustainability and regulatory challenges of cultured meat. Nature Food 1
(7): 403-415. https://doi.org/10.1038/s43016-020-0112-z.

Rity, N., H.L. Tuomisto, and T. Ryyndnen. 2023. On what basis is it agriculture? A qualitative study of
farmers’ perceptions of cellular agriculture. Technological Forecasting and Social Change 196:
122797. https://doi.org/10.1016/j.techfore.2023.122797.

Reis, G.G., M.S. Heidemann, F.M. Borini, and C.F.M. Molento. 2020. Livestock value chain in transition:
Cultivated (cell-based) meat and the need for breakthrough capabilities. Technology in Society 62:
101286. https://doi.org/10.1016/j.techsoc.2020.101286.

Rijssenbeek, J., Robaey, Z., and V. Blok. 2022. Natural and sustainable—cellular agriculture’s normative
uncertainty. In: Transforming Food Systems: Ethics, Innovation and Responsibility. Wageningen Aca-
demic Publishers, pp. 424-427

Rockstrom, J., W. Steffen, K. Noone, A. Persson, F.S. Chapin III., E.F. Lambin, and J.A. Foley. 2009. A
safe operating space for humanity: Identifying and quantifying planetary boundaries that need to not
be transgressed could help prevent human activities from causing unacceptable environmental change,
argue Johan Rockstrom and colleagues. Nature 461 (7263): 472-476.

Ryyninen, T., and A. Toivanen. 2022. Hocus-pocus tricks and moral progressions: the emerging meanings
of cultured meat in online news comments. Food, Culture and Society 1-30. https://doi.org/10.1080/
15528014.2022.2027688

Schreier, M. 2014. Varianten qualitativer Inhaltsanalyze: Ein wegweiser im dickicht der Begrifflichkeiten.
Forum Qualitative Sozialforschung/forum: Qualitative Social Research 15 (1): 27.

Schreier, M., C. Fuchs, and D.W. Dahl. 2012. The innovation effect of user design: Exploring consum-
ers’ innovation perceptions of firms selling products designed by users. Journal of Marketing 76 (5):
18-32. https://doi.org/10.1509/jm.10.0462.

Sexton, A.E., T. Garnett, and J. Lorimer. 2019. Framing the future of food: The contested promises of alter-
native proteins. Environment and Planning e: Nature and Space 2 (1): 47-72. https://doi.org/10.1177/
25148486198270009.

Sillman, J., V. Uusitalo, V. Ruuskanen, L. Ojala, H. Kahiluoto, R. Soukka, and J. Ahola. 2020. A life cycle
environmental sustainability analysis of microbial protein production via power-to-food approaches.
The International Journal of Life Cycle Assessment 25: 2190-2203. https://doi.org/10.1007/
s11367-020-01771-3.

Sinke, P., E. Swartz, H. Sanctorum, C. van der Giesen, and I. Odegard. 2023. Ex-ante life cycle assess-
ment of commercial-scale cultivated meat production in 2030. The International Journal of Life Cycle
Assessment 28: 234-254. https://doi.org/10.1007/s11367-022-02128-8.

Slade, P. 2018. If you build it, will they eat it? Consumer preferences for plant-based and cultured meat
burgers. Appetite 125: 428-437. https://doi.org/10.1016/j.appet.2018.02.030.

Smetana, S., A. Mathys, A. Knoch, and V. Heinz. 2015. Meat alternatives: Life cycle assessment of most
known meat substitutes. The International Journal of Life Cycle Assessment 20 (9): 1254-1267.
https://doi.org/10.1007/s11367-015-0931-6.

Smith, D.J., M. Helmy, N.D. Lindley, and K. Selvarajoo. 2022. The transformation of our food system using
cellular agriculture: What lies ahead and who will lead it? Trends in Food Science and Technology 127:
368-376. https://doi.org/10.1016/j.tifs.2022.04.015.

Soice, E., and J. Johnston. 2021. How cellular agriculture systems can promote food security. Frontiers in
Sustainable Food Systems, 450. https://doi.org/10.3389/fsufs.2021.753996

Spiller, M., M. Muys, G. Papini, M. Sakarika, M. Buyle, and S.E. Vlaeminck. 2020. Environmental impact
of microbial protein from potato wastewater as feed ingredient: Comparative consequential life cycle
assessment of three production systems and soybean meal. Water Research 171: 115406. https://doi.
org/10.1016/j.watres.2019.115406.

Stephens, N., L. Di Silvio, I. Dunsford, M. Ellis, A. Glencross, and A. Sexton. 2018. Bringing cultured meat
to market: Technical, socio-political, and regulatory challenges in cellular agriculture. Trends in Food
Science and Technology 78: 155-166. https://doi.org/10.1016/j.tifs.2018.04.010.

Theurl, M.C., C. Lauk, G. Kalt, A. Mayer, K. Kaltenegger, T.G. Morais, and H. Haberl. 2020. Food systems
in a zero-deforestation world: Dietary change is more important than intensification for climate targets
in 2050. Science of the Total Environment 735: 139353.

Tribaldos, T., and T. Kortetméki. 2022. Just transition principles and criteria for food systems and beyond.
Environmental Innovation and Societal Transitions 43: 244-256. https://doi.org/10.1016/j.eist.2022.
04.005.

Tuomisto, H.L. 2019. Vertical farming and cultured meat: immature technologies for urgent problems. One
Earth 1 (3): 275-2717. https://doi.org/10.1016/j.oneear.2019.10.024.

@ Springer


https://doi.org/10.1038/s43016-020-0112-z
https://doi.org/10.1016/j.techfore.2023.122797
https://doi.org/10.1016/j.techsoc.2020.101286
https://doi.org/10.1080/15528014.2022.2027688
https://doi.org/10.1080/15528014.2022.2027688
https://doi.org/10.1509/jm.10.0462
https://doi.org/10.1177/2514848619827009
https://doi.org/10.1177/2514848619827009
https://doi.org/10.1007/s11367-020-01771-3
https://doi.org/10.1007/s11367-020-01771-3
https://doi.org/10.1007/s11367-022-02128-8
https://doi.org/10.1016/j.appet.2018.02.030
https://doi.org/10.1007/s11367-015-0931-6
https://doi.org/10.1016/j.tifs.2022.04.015
https://doi.org/10.3389/fsufs.2021.753996
https://doi.org/10.1016/j.watres.2019.115406
https://doi.org/10.1016/j.watres.2019.115406
https://doi.org/10.1016/j.tifs.2018.04.010
https://doi.org/10.1016/j.eist.2022.04.005
https://doi.org/10.1016/j.eist.2022.04.005
https://doi.org/10.1016/j.oneear.2019.10.024

Food Ethics (2024) 9:22 Page 27 of 27 22

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. Science of the Total Environment 851: 158051.
https://doi.org/10.1016/j.scitotenv.2022.158051.

Tuomisto, H.L. 2022. Challenges of assessing the environmental sustainability of cellular agriculture.
Nature Food, 1-3. https://doi.org/10.1038/s43016-022-00616-6

Tzachor, A., C.E. Richards, and L. Holt. 2021. Future foods for risk-resilient diets. Nature Food 2 (5): 326—
329. https://doi.org/10.1038/s43016-021-00269-x.

Wallace, J.S. 2000. Increasing agricultural water use efficiency to meet future food production. Agriculture,
Ecosystems and Environment 82 (1-3): 105-119.

Whitfield, S., M. Apgar, C. Chabvuta, A. Challinor, K. Deering, A. Dougill, and K. Vincent. 2021. A frame-
work for examining justice in food system transformations research. Nature Food 2 (6): 383-385.
https://doi.org/10.1038/s43016-021-00304-x.

Wilks, M., and C.J.C. Phillips. 2017. Attitudes to in vitro meat: A survey of potential consumers in the
United States. PLoS ONE 12 (2): e0171904. https://doi.org/10.1371/journal.pone.0171904.

Willett, W., J. Rockstrom, B. Loken, M. Springmann, T. Lang, S. Vermeulen, and C.J. Murray. 2019. Food
in the Anthropocene: The EAT-Lancet Commission on healthy diets from sustainable food systems.
The Lancet 393 (10170): 447-492. https://doi.org/10.1016/S0140-6736(18)31788-4.

Williams, S., and A. Doyon. 2019. Justice in energy transitions. Environmental Innovation and Societal
Transitions 31: 144-153. https://doi.org/10.1016/j.eist.2018.12.001.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Authors and Affiliations

Jana Moritz>3® . Rachel Mazac®® - Mariana Hase Ueta® - Niko Raty*3 -
Hanna L. Tuomisto3* . Toni Ryyndnen®?

P4 Jana Moritz
jana.moritz@helsinki.fi

Rachel Mazac
rachel.mazac @su.se

Mariana Hase Ueta
mariana.ueta@ gmail.com

Niko Rity
niko.raty @helsinki.fi

Hanna L. Tuomisto
hanna.tuomisto @helsinki.fi

Toni Ryynénen

toni.ryynanen @helsinki.fi

Department of Agricultural Sciences, University of Helsinki, Latokartanonkaari 7, 00014 Helsinki,
Finland

2 Ruralia Institute, University of Helsinki, Lonnrotinkatu 7, 50100 Mikkeli, Finland

Helsinki Institute of Sustainability Sciences (HELSUS), University of Helsinki, Yliopistonkatu 3,
00100 Helsinki, Finland

Natural Resources Institute Finland, Latokartanonkaari 9, 00790 Helsinki, Finland
Stockholm Resilience Centre, Stockholm University, Stockholm, Sweden

Wageningen University & Research, Droevendaalsesteeg 4, 6708 PB Wageningen, Netherlands

@ Springer


https://doi.org/10.1016/j.scitotenv.2022.158051
https://doi.org/10.1038/s43016-022-00616-6
https://doi.org/10.1038/s43016-021-00269-x
https://doi.org/10.1038/s43016-021-00304-x
https://doi.org/10.1371/journal.pone.0171904
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/j.eist.2018.12.001
http://orcid.org/0000-0001-6163-0573

	Prospects of Justice for Cellular Agriculture: A just Transition or Reinvesting in Unsustainability?
	Abstract
	Introduction
	Dimensions of a just Food System Transition
	Data and Methods
	Cellular Agriculture Through the Dimensions of Justice in Transitions
	Distributional Justice
	Cosmopolitan Justice
	Ecological and Non-Human Beings’ Justice
	Procedural Justice
	Recognition Justice
	Capacities and Justice

	Discussion
	A Justice System of Cellular Agriculture
	Considerations and Limitations

	Conclusion
	Appendices
	References


