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RESUMO

Projegcdes indicam que a populagdo mundial ultrapassara 9,7 bilhdes até 2025,
aumentando o consumo global de carne e gerando preocupag¢des ambientais e
sociais, como uso excessivo de recursos, emissoes de gases, degradagdao ambiental
e bem-estar animal. A agricultura celular oferece uma alternativa sustentavel,
produzindo carne, leite e ovos sem abate, por meio do cultivo de células e
tecnologias avancadas. Para atender ao crescimento desse setor, é essencial
investir no desenvolvimento de mao de obra qualificada. Assim, esta tese trata da
implementagdo do ensino sobre proteinas alternativas em instituicbes de ensino
superior no Brasil, abordando aspectos como a demanda por carne, a intengcédo de
consumo de carne cultivada e o interesse pela agricultura celular, o histérico do
ensino dessa area no pais e os avangos no Estado do Parana, bem como a
investigacao de disciplinas relacionadas a agricultura celular atualmente existentes
nos curriculos de cursos de graduacdo relativos a produgcdo de alimentos. Nos
capitulos desta tese, foram apresentadas mudangas nas demandas por carne, as
diferentes opinides e intencdo de consumo de carne cultivada nas regides Sudeste e
Nordeste do Brasil, assim como o interesse de estudantes e profissionais em
aprender sobre agricultura celular, os avangos no ensino dessa area do
conhecimento na UFPR e a existéncia de tépicos relacionados a agricultura celular
ja existentes em programas de graduacao. As reflexdes evidenciam demanda por
proteinas alternativas e assim a importancia de adaptar a formagao académica para
atender as necessidades de um mercado em crescimento e garantir a qualificacao
de profissionais que contribuirdo para o desenvolvimento da agricultura celular no
Brasil.

Palavras-chave: Agricultura celular. Educagédo. Proteinas alternativas. Zootecnia
celular.



ABSTRACT

Projections indicate that the global population will surpass 9.7 billion by 2025, driving
increased global meat consumption and raising environmental and social concerns,
such as excessive resource use, greenhouse gas emissions, environmental
degradation, and animal welfare issues. Cellular agriculture presents a sustainable
alternative, producing meat, milk, and eggs without slaughter through cell cultivation
and advanced technologies. To support the growth of this sector, investing in the
development of a qualified workforce is essential. This thesis focuses on
implementing education on alternative proteins in higher education institutions in
Brazil, addressing topics such as meat demand, consumer intentions for cultivated
meat, and interest in cellular agriculture. It also explores the history of teaching in this
field in the country, advancements in Parana state, and the presence of cellular
agriculture-related subjects in the curricula of food production-related undergraduate
programs. The chapters of this thesis present change in meat demand, differing
opinions, and consumer intentions regarding cultivated meat in Brazil's Southeast
and Northeast regions, as well as the interest of students and professionals in
learning about cellular agriculture. It also highlights advancements in teaching this
area at UFPR and the inclusion of cellular agriculture-related topics in undergraduate
programs. The findings underscore the demand for alternative proteins and the
importance of adapting academic training to meet the needs of a growing market,
ensuring the qualification of professionals who will contribute to the development of
cellular agriculture in Brazil.

Key-words: Alternative proteins. Cellular agriculture. Cellular animal science.
Education.
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1 PRESENTATION

United Nations projections (2022) indicate that the world population is
expected to surpass 9.7 billion by 2025, and meat consumption will likely rise
accordingly. The impact of population growth on meat consumption is amplified by
the "meatification" of diets (Hansen et al., 2021), meaning the explosive rise in global
meat consumption, coupled with the increasing industrialization of livestock
production, which places meat at the center of human diets, in which it was
previously peripheral (Weis, 2015; Garbin et al., 2024). In light of the growing
demand for meat, there are increasing concerns about the problems associated with
animal production. Such problems have been called "elephants in the room" as they
are disproportionately discussed. Recently, eight "elephants" were identified: (1) the
absurd reality that food for over 80 billion farm animals is produced to feed eight
billion humans; (2) deforestation for grazing and crops intended to feed livestock; (3)
greenhouse gas emissions; (4) excessive water use and waste management
problems; (5) the mistreatment of animals in intensive production systems; (6)
inefficiencies of current animal production systems compared to new technologies;
(7) public health risks of new pandemics and antibiotic resistance; and (8) the
predominant use of Earth's carbon atoms by human bodies and, primarily, farm
animals (Phillips et al., 2024).

Cellular agriculture, also known as cellular animal science, consists of
producing proteins as an alternative to the raising and slaughtering of animals. In a
stricter sense, it involves methods for cultivating animal cells ex vivo; in a broader
sense, it includes other techniques such as combining plant molecules, using fungi
and algae, mass fermentation, and precision fermentation, among others, to produce
meat, milk, eggs, or their substitutes (Garbin et al., 2024).There are reasons to
believe that such production methods may become common. According to Tubb and
Seba (2020), we are witnessing a "second domestication", the domestication of
microorganisms and animal cells for food production, with exponentially higher
productivity potential. To accelerate the development of this new market in Brazil, the
engagement of food production chain stakeholders will be crucial (Morais-da-Silva,
2022). It requires skilled labor in addition to other dimensions of this new food chain,
making the development of teaching strategies to train potential professionals
essential (Newell & Glaros, 2024).



The aim of this thesis was to reflect on the teaching of alternative proteins in
an academic context, covering topics from basic concepts to the production of
cultivated meat in higher education institutions in Brazil. Specific objectives included
to further understand the demand for meat, investigate the intention to consume
cultivated meat, analyze people's willingness to learn about cellular agriculture,
describe the history of cellular agriculture education, gather opinions from
participants in educational initiatives on the subject, report advances related to
cellular agriculture in the State of Parana, and investigate the curricula of various
undergraduate programs focused on training professionals in animal-derived food
production to identify a basic structure that may drive their entry into the new market.
These topics are addressed in Chapters Il, Ill, IV, V and VI of this thesis.

In Chapter II, the changes in meat demand, influenced by the increasing
availability of alternative meats along with the challenges associated with
conventional meat, were discussed with an emphasis on the Brazilian context. This
study was published by the scientific journal Meat Science on November 17, 2023,
titted "Demand changes meat as changing meat reshapes demand: The great meat
revolution" (ANNEX 1).

In Chapter lll, a questionnaire was applied to investigate different opinions on
conventional and cultivated meat, as well as to analyze the consumption intention of
residents from two distinct regions of Brazil. The study is published as an article titled
"How much do opinions regarding cultivated meat vary within the same country? The
cases of Salvador and Sao Paulo, Brazil" at Plos One Journal.

In Chapter IV people's willingness to learn about cellular agriculture in higher
education was investigated through a questionnaire circulated on social media from
March to October 2022. The study led to the submission of an article titled "Should
cellular agriculture be taught in undergraduate programs in Brazil?" to the Archives of
Veterinary Science journal at UFPR.

In Chapter V, a partial view of the history of cellular agriculture education in
Brazil is described, with a focus on the "Introduction to Cellular Livestock Farming"
course offered in the Graduate Program in Veterinary Sciences and in the
undergraduate programs in Veterinary Medicine and Animal Science at UFPR as an
elective course. The opinions of the participants about these initiatives are also
presented, along with the advancements in the implementation of cellular agriculture
in the State of Parana between 2021 and 2024. Notably, in August 2021, the
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planning for the NAPI (New Arrangements for Research and Innovation - Alternative
Proteins) began , which consists of a working group formed by a multidisciplinary
team supported by the Fundagdo Araucaria and the Parana State Department of
Science, Technology, and Higher Education (SETI). The results and discussion
regarding such initiatives are presented in the article titled "Teaching, Research and
Extension in Cellular Animal Science at the Federal University of Parana," submitted
to the Brazilian Journal of Graduate Studies, published by CAPES.

Chapter VI presents a list of courses offered in undergraduate programs in
Veterinary Medicine, Animal Science, Bioprocess Engineering, Biotechnology, and
Food Engineering that may relate to cellular agriculture. The information is discussed
in an article submitted to the Brazilian Journal of Science and Technology Education,
titled "Cellular Agriculture Education in Brazilian Undergraduate Programs: not as far
as it seems".

The thesis presents data and strategies to suggest foundation for new
curricular proposals in undergraduate programs ensuring the qualification of

professionals who will contribute to the development of cellular agriculture in Brazil.
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2 DEMAND CHANGES MEAT AS CHANGING MEAT RESHAPES DEMAND: THE
GREAT MEAT REVOLUTION.

ABSTRACT

As consumer acceptance and overall demand for the different types of meat are
important determinants of the new balance between conventional and alternative
meats, our goal was to approach the changes in meat demand, as affected by the
increasingly available alternative meats coupled to the problems of conventional
meat including the meat paradox, with emphasis on the Brazilian scenario. Then,
some aspects of the demand for alternative meats are presented, with a brief
historical background. As the decisions taken in the present shape this
unprecedented revolution in the way we produce and choose whether to eat meat
and, if so, which one, the details of the transition to alternative meat chains in Brazil
are yet to be written. It seems even more difficult to predict which food protein items
will be in higher demand in the next decades, as new products will likely present
themselves for their quality as food items as well as for their ethical and
environmental attributes.

Keywords: Alternative protein, Brazil, cultivated meat, veganism, vegetarianism

2.1 INTRODUCTION

The global human population is constantly increasing and developing, and
along with these processes some additional challenges may arise. An example of a
related challenge is the steady increase in meat demand, a contributor to
environmental degradation (Sanchez-Sabate et al., 2019) and biodiversity loss over
the world (Benton et al., 2021). Animal production contributes to gas emissions
deriving from land-use changes — especially deforestation — caused by expansion of
pastures and arable land for feed crops. According to the World Economic Forum
(2019), agriculture is responsible for 10-12% of greenhouse gas emissions, with
meat, poultry and dairy farming producing nearly three quarters of that percentage.
Other concerns are related to welfare conditions for most animals raised under
industrialized farming conditions and the scale of their slaughter (Webster, 2013). In
2018, an estimated 68.8 billion chickens, 1.5 billion pigs and 302 million cattle were
slaughtered for meat production (Ritchie & Roser, 2019). In Brazil, 29,7 million cattle,
6 billion chickens and 49,3 million pigs were slaughtered in 2020 (IBGE, 2021). In
addition, the number of aquatic animals involved is difficult to estimate, although the
dimension of the industry may be perceived by the 150 million tones of seafood
which were used for human consumption in 2016 (FAO, 2018). Animal production
activities are such that the total biomass of terrestrial animals used for food
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production is one order of magnitude higher than that of human beings and two
orders of magnitude higher than all wild mammals combined (Bar-On et al., 2018).

Regardless of the challenges associated to conventional meat, the fact is that
many people like to eat it, while simultaneously many people care for animals and
are concerned with the environmental impacts of meat production. In Brazil,
consumer research on opinions and demand for conventional meat have traditionally
shown the importance of taste and price; however, recent research suggests that the
order of importance of meat attributes may be changing. For example, Marques et al.
(2022) reported that the most important meat attributes were healthiness, safety,
animal welfare, environmental impact and support of the local economy, with
attributes such as price and taste ranking lower.

Generally, the decisions about eating meat are complex and consumer
attitudes seem constantly reshaping with the changes in underlying factors.
Examples of such factors are the amount of information accessed by consumers on
the practices involved in conventional meat production, e.g., animal suffering and
environmental impacts, increases in consumer purchase power, and the availability,
quality and comparative price of conventional meat substitutes. In fact, concerns
about the ethics and environmental consequences of conventional meat consumption
have led to a rapid expansion in the development of substitutes (Godfray et al.,
2018). Such meat substitutes, denominated alternative proteins, include (1) meat
cultivated from the multiplication of relevant animal cells in bioreactors, (2) meat
analogues produced by molecular combinations of plant ingredients to mimic
conventional meat characteristics, and (3) fermentation processes.

The study, development and field work related to the technologies to produce
alternative meats and other food proteins uncoupled from animal raising and
slaughtering may be denominated Cellular Animal Science which is based on
cultivated animal cells and additional alternative methods. As such, the products of
Cellular Animal Science will likely increase their participation in the global meat chain
and generate a new balance in the worldwide demand for meat, especially between
conventional and alternative meats. In fact, it has been estimated that by the year
2040, 35% of the market will be cellular and 25% plant-based meat alternatives, with
40% remaining conventional meat (Gerhardt et al., 2020). This forecast seems of the

utmost importance, perhaps especially for countries that rely heavily on meat
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production, as is the case of Brazil. Considering such predictions allows for planning
strategies to maximize benefits and mitigate disadvantages.

As an important determinant of the new balance is consumer acceptance and
overall demand for the different types of meat, our goal is to approach the changes in
meat demand, as affected by the increasingly available alternative meats coupled to

the challenges related to conventional meat, with emphasis on the Brazilian scenario.

2.2 KNOWN PROBLEMS

The steady trend for higher global meat consumption is a critical issue, in
terms of sustainability, food security and safety, public health and animal ethics.
Meatification, describing that meat has moved from the periphery to the center of
human diets, relates to the fact that daily meat consumption has expanded from
richer countries to become a global phenomenon (Hansen, Jakobsen & Wethal,
2021). In 2018, 320 million tons of meat have been consumed worldwide and the
global meat production has more than quadrupled since the 60’ (Ritchie & Roser,
2019). The Food and Agriculture Organization (FAO) has forecasted that, by 2050,
70% more food will be required to meet the demands of the growing human
population, which in turn poses a major challenge due to limited arable land and
water resources (Whitnall & Pitts, 2019; Chriki et al., 2021). The picture thus
suggests that we either change our appetite for meat or the way meat is produced, or
else we are left in a situation where part of the world population will not have their
meat demands provided for, while the planet resources become scarcer to cater for
the demands of only the other part of the human population.

On the other hand, the demand for specific types of food is neither static nor
deterministic. There are many motivations that shape demand, such as demographic
factors, income, tradition, price, flavor, perception of nutritional properties, religious
beliefs, health, environmental concerns, and animal ethics. With such complexity,
consumer preferences tend to be both resistant to changes and at the same time
constantly shifting, depending on the combination of motivations in each point in time
as well as on different consumer segments (Chen et al., 2020; OECD/FAOQO, 2021). As
such, there is room for changes in perception and attitudes towards meat, with
consequent changes in purchase behavior, as observed by the increasing adoption

of diets and lifestyles that aim to reduce meat from the menu in the world. According
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to Poore and Nemecek (2018), today and probably into the future, dietary change
can deliver environmental benefits on a scale not achievable by producers; their
study suggests that the impacts of the lowest-impact animal products exceed
average impacts of substitute vegetable proteins across GHG emissions,
eutrophication, acidification (excluding nuts), and frequently land use. In addition,
Humpendder et al. (2022) projected that substituting 20% of per-capita ruminant
meat consumption with microbial protein globally by 2050, on a protein basis, may
offset future increases in global pasture area, cutting annual deforestation and
related CO2 emissions roughly in half, while also lowering methane emissions. On
the other hand, such dietary changes can only happen if new food items are
available.

To further our understanding of the problems related to conventional meat
production, it seems worth to consider the context with more detail. Considering
terrestrial animals, the main types of meat in the world are those originating from the
slaughter of cattle, pigs and birds, followed by sheep and goats. Although absolute
world meat production has increased steadily, there have been changes in animal
production systems and in consumption patterns (Ritchie & Roser, 2019). For
example, chicken consumption has increased its share of the total meat consumption
to represent, in 2019, 39% of global meat production (FAO, 2022). Between 2010
and 2020, the world per capita consumption of beef and veal presented a reduction
from 6.6 to 6.4 kg/capita, pork from 12.2 to 10.7 kg/capita, while the consumption of
poultry increased from 12.7 to 14.9 kg/capita (OECD, 2022). However, the decrease
in per capita consumption is more than compensated for by the increase in absolute
number of consumers.

Brazil is the third largest meat producer in the world (OECD/FAOQO, 2019). Due
to price differences, Brazilian domestic market tends to intensify the consumption of
poultry meat, while increases in Brazilian pig production are mostly destined to the
foreign market (CONAB, 2022). In addition, a survey commissioned by the Brazilian
Vegetarian Society (SVB) and performed by IPEC (Intelligence in Research and
Consulting) was carried out in February 2021, with 2002 respondents from all regions
of Brazil, showed that 46% of Brazilians have reduced their meat consumption,
cutting it from the menu at least once a week; this information reveals opportunities

for the flourishing of plant-based brands (SVB, 2021). Yet, animal production in Brazil
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remains strong in both political and economic terms, with billions of birds slaughtered
per year and more cattle than humans in the country’s territory.

The relevance of considering the problems with conventional meat is
supported by the magnitude of the numeric descriptors of both global and Brazilian
animal production. Such magnitude relates to the intensification of animal production
systems, which exacerbates the main harms of conventional meat production to the
environment, animals, public health and food security. As for environmental
problems, impacts of the lowest-impact animal products exceed those of plant
substitutes, providing evidence for the importance of dietary changes (Poore and
Nemecek, 2018). Despite the importance of protecting the environment, studies have
shown that a minority of consumers is aware of the environmental impact of
conventional meat, is willing to halt or reduce meat intake for ecological reasons or
has already stopped or reduced meat consumption because of environmental
concerns (Sanchez-Sabate et al., 2019). Another central issue, the discussion on the
suffering and slaughter of animals for food is not new, with perhaps a turning point
when Harrison (1964) exposed the problems related to animal conditions in intensive
animal production in her seminal book Animal Machines. The naturalization of
systematic animal slaughter is likely related to the manner that animals are treated in
other scenarios, as it sets the debate about what is acceptable to do to animals at an
extremely low bar (Heidemann et al., 2020). In addition, the welfare conditions in
which animals are maintained in intensive production systems is likely related to the
emergence of new diseases, including zoonotic pathogens. This understanding has
led the United Nations Environment Programme to publish a report stating that
amongst the seven human-mediated factors which are most likely driving the
emergence of zoonotic diseases, the top two drivers are related to animal production:
1) increasing human demand for animal protein, and 2) unsustainable agricultural
intensification (UNEP, 2020).

As the recognition of conventional meat problems becomes more prominent
in social media as well as in everyday conversation among our groups of family and
friends, how can a new relationship with our diets be built? There is literature
studying the mechanisms in place to deal with the incongruences attached to
conventional meat consumption, which may be either conscious or subconscious.
With the example of the concern with animal ethics, which appears in 21% of the

respondents of a survey with more than 9000 Brazilians participants performed by
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GFI1 (2018). Some of these mechanisms are discussed, as their consideration seems
essential to understand both the contemporary meat demand patterns and the

possibilities for change.

2.2.1 The meat paradox

Meat is central to most western people’s diets and frequently a focus of
culinary enjoyment. Yet most people also like animals and wish to protect them. This
inconsistency between a love for animals and enjoyment of meat creates a paradox.
According to Loughnan, Haslam and Bastian (2010), it is necessary to provide a
novel perspective for everyday naturalized actions like eating meat, which are not
commonly conceptualized as moral choices, to deal with the meat paradox. In the
case of meat, appetite, culture and culinary practices tend to dictate what people
choose to eat. Thus, mentally disengaging from the origins of meat serves an
important function for meat eaters, reducing the dissonance aroused by enjoying
meat but disliking the harm that animals suffer for its production. It follows that people
rarely enjoy thinking about where conventional meat comes from (Loughnan, Haslam
and Bastian, 2010; Bastian et al., 2012). Thus, although consumers may be unaware
of the impacts of their meat-eating behavior, they may be actively avoiding thinking
about it. As people may vary in the willpower, they can summon to avoid meat
consumption (Bryant et al., 2022), perhaps not thinking about its impacts is a
convenient temporary solution. People may keep a light attitude towards eating meat
as long as it remains possible to avoid thinking of the animals they eat as sentient
beings (Bastian et al., 2012; Onwezen and van der Weele, 2016). According to Joy
(2025), relational dysfunctions stem from relational illiteracy, and relational literacy is
essential for social transformation, especially when reflecting on the human-animal
relationship. These dysfunctions, however, seem to be deliberately invisibilized and
systematically ignored due to the lack of this awareness and healthy practice of
relating. Coherently, Leach et al. (2022) have reported that the desire to eat meat is
associated with strategies to avoid information that is likely to challenge meat
consumption. An interesting hypothesis is that these avoidance strategies are
released as it becomes possible to replace the consumption of conventional meat
with alternative options. This may be one reason for the high percentages of

acceptance of cell-based meat in many countries. In Brazil, for instance, the first
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study on the intention of cell-based meat consumption showed that 63.6% of
respondents were willing to try cultivated meat alternatives, with the major perceived
benefits related to animal welfare and environmental issues (Valente et al., 2019). In
addition, the main motivations for reducing meat consumption reported by Brazilians
were health-related concerns and concerns with animals (GFI, 2018). Research on
the reasons why people choose not eating meat in other countries also suggests that
human health, environmental issues and animal rights are the main drivers
(Rosenfeld, 2019; Hopwood et al., 2019).

In summary, the decisions about eating conventional meat are complex and,
on the other hand, the discussion of the problems related to it is increasingly
common. Then, as stated by Piazza et al. (2015), meat eating is a practice that in
recent years has become subject to increasing criticism. Within such a scenario, new

food protein options tend to become relevant.

2.3 THE ARRIVAL OF MEAT ALTERNATIVES

Consuming plant-based protein is nothing new to us. Pythagoras, Gandhi and
Paul McCartney may be interesting patrons to escort us across different times and
cultures, showing the presence of vegetarianism. The first official reports on a
vegetarian diet relate to ancient Egypt and India, and they describe mainly spiritual
reasons (Hargreaves et al., 2020). In Asia, vegetarian diets have been affiliated with
Buddhism, Hinduism, Jainism and |-Kuan Tao. The common ground amongst these
religions is the fact that they encourage avoidance of meat through the concept of
non-violence, meaning that being vegetarian equals to having compassion, and this
is beneficial for spiritual cultivation (Orlich et al., 2019). Despite its long history, it was
only in the twentieth century that vegetarianism became a worldwide common
practice, significantly growing in numbers each year. According to Leahy et al.
(2010), about 1.5 billion people in the world population is currently vegetarian.

The percentage of the Brazilian population that self-identifies as vegetarians
has increased from 8% to 14%, from 2012 to 2018 (IBOPE, 2018). The data
regarding vegetarianism in Brazil may cause some puzzlement, as it is traditionally
viewed as a meat-eating culture, known as the barbecue or the picanha country. In
fact, the high percentage of self-declared vegetarians may relate to differences in the

understanding of the concept of vegetarianism. Perhaps many respondents consider
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themselves vegetarians if they do not eat cattle meat, thus allowing for a diet
including fish and other aquatic animals to be reported as vegetarian. This may
explain high percentages of self-declared vegetarians by residents of Brazilian
coastal regions, where there is high consumption of fish, lobster and shrimp, amongst
other aquatic animals. It is also likely that the image of Brazil as a meat-eating culture
is exaggerated, due to a high visibility of this specific segment of Brazilian
consumers. Recent surveys with population subgroups show great variation. For
example, vegetarianism among first-year students at a public university in Southern
Brazil was reported by 6.4% respondents (Barros et al., 2020). Specifically for
veganism, percentages are much lower; however, it is difficult to measure the size of
their influence in society. A study on vegan restaurants and their consumers in the
city of Porto Alegre, South of Brazil, concluded that these actors develop several
practices that contribute to shape more sustainable models of food production,
distribution, and consumption (Niederle & Schuber, 2020). More research on
vegetarianism and veganism in Brazil is welcome, especially considering the size of
the country and the diversity of Brazilian culture across geographical regions.

Even though there are indications of increasing numbers of people adopting
vegetarian and vegan diets, there are at least two reasons to celebrate the fact that
meat-eaters show interest in alternative meats. The first one is that most people in
Brazil and abroad do eat meat, and the second is the continued meatification
phenomenon globally. The provision of such current and future meat demand may be
aided by alternative meats, in a way that the urgent problems with conventional meat
can be by-passed or at least significantly reduced through completely novel systems
for the production of meat.

However, it is essential to remember that choices regarding diet are strongly

determined by social and economic conditions.

2.3.1 Cell-based and plant-based meat alternatives

Much research is currently dedicated to creating novel ways to produce meat
alternatives. Such efforts are so relevant that the disruption of conventional meat
production seems comparable to the changes obtained when humanity first started
the domestication processes which allowed for the initial agrarian developments

more than ten thousand years ago. According to Tubb and Seba (2019), we are
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going through the second domestication, the domestication of microorganisms and
animal cells for the production of food, with exponentially higher possibilities for
productivity. Cultivated or cell-based meat alternatives are products made by
isolating stem cells from a sample collected from an animal and proliferating these
cells in an environment which provides all the required nutrients and conditions for
cell growth. This process involves practices of cell culture and tissue engineering for
the production of muscle for consumption as food; it is an emergent technology which
operates as part of the wider field of cellular agriculture (Stephens et al., 2018; Post,
2012). Several start-ups around the world have been finessing the technology
required to use this process to create meat alternatives (Hocquette, 2016), and last
year cell-based chicken became available in restaurants in Singapore, the first
country approve the selling of cultivated meat alternatives. In Brazil, the Ministry of
Agriculture is working on a National Plan for Alternative Proteins and the funding for
research and development is rising, with new possibilities at the federal and state
levels, as well as robust private investments, including those by major Brazilian meat
industries. Plant-based products, which have now been available for consumers for
years, are gaining space in the retailer gondolas, which may be pragmatically
understood as a sign of its growing acceptance by consumers. In this case Brazil is
also moving forward, with brands of plant-based meat alternatives both as part of
important traditional meat industries and as stand-alone business, with major
success cases such as the Future Farm brand with its ever-broadening export
branch.

The drivers for the great efforts towards the development of meat alternatives
are basically the perceived problems with conventional meats. For instance, avoiding
animal suffering and slaughter was a major perceived benefit of cell-based meat
alternatives (Bryant and Barnett, 2018; Valente et al., 2019; Bryant and Barnett
2020). Cell-based meat alternatives are also considered to be environmentally
sounder, as their production emits less GHG, uses less land and water per unit of
meat produced and may consume less energy than most traditional animal
production systems, except poultry (Tuomisto, 2018). If we consider plant-based
meat alternatives, these gains are even more marked.

Until recently, alternative products have been mainly targeted toward
vegetarians and vegans, and only occasionally for meat eaters. Vegetarians and

vegans tend not to prioritize that plant proteins show similar textures and tastes as
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compared to conventional meat. However, the latest products from the new
generation of plant-based alternative proteins aim to be indistinguishable from
traditional meat products, so that those with mild to high meat diets will become
target consumers (He et al., 2020). Apparently, the limits between vegetarianism and
consumption of meat alternatives are becoming a blurred line. The consumer
segment most interested in meat alternatives is currently composed of meat eaters,
and not of vegans and vegetarians. This trend has been observed specifically for
Brazilian consumers (Valente et al., 2019, Nezlek et al., 2022). Additional data are
needed to see a clearer picture on this issue, and it seems relevant to note that the
intention of alternative meat consumption among vegetarians and vegans is not zero
and may actually increase with time. This context seems to describe a turning point in
the history of the general demand for meat, as an important line is crossed. From the
point of view of reducing animal production, the division between meat-eaters and
non-meat eaters may fade away.

Percentages of Brazilian interviewees intending to consume cell-based meat
alternatives are amongst the highest. Valente et al. (2019) argued that the
awareness of cultivated meat alternatives by highly educated Southern Brazilians
was low in a survey with 626 respondents; however, after watching an explanatory
video, 63.6% of the participants declared they would eat cell-based meat alternatives;
among vegetarians and vegans, 24% and 8% stated they would do so. A later survey
with 225 respondents confirms that southeastern Brazilians are willing to consume
cultivated meat alternatives: 80.9% of the respondents were willing to try it, 61.3% to
eat it regularly, and 56.9% to eat cell-based meat alternatives as a replacement for
conventionally produced beef (de Oliveira et al., 2021). Gomez-Luciano et al. (2019)
in their survey with 216 respondents reported that the probability of willingness to
purchase cell-based meat alternatives in Brazil may increase 86.8%, if the perception
of its healthiness, safety and nutritiousness increases. In Porto Alegre (Rio Grande
do Sul), a Brazilian state that is characterized by its strong cultural identity and social
practices where barbecue is a typical dish, a survey with 538 respondents
demonstrated that six of ten people were willing to try cultivated meat alternatives
(Fernandes et al., 2021). According to a survey carried out by Chriki et al. (2021) with
4471 respondents, 46.6% of Brazilians consider cell-based meat alternatives as a
promising and acceptable option and 66% are willing to try it, with an important

observation that most respondents are not willing to pay a higher price for cultivated
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meat alternatives. This finding may be influenced by consumer purchase power. A
recent survey with 1545 respondents reports that 90% of Brazilians are willing to
consume plant-based foods and 89% of those who already do so do not consider
themselves vegans or vegetarians (PortaldoAgronegocio, 2020; Plant-Based BR,
2022). Overall, research is showing a positive scenario for cultivated and plant-based

meat alternatives amongst Brazilian consumers (Figure 1).
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FIGURE 1. CONSUMPTION INTENTION AND ATTITUDES TOWARDS MEAT
ALTERNATIVES IN BRAZIL.

As for cell-based meat alternatives, many consumers have mixed feelings
about conventional meat, and often recognize the benefits of cultivated meat
alternatives, especially for animals and the environment. The potential safety
improvements, advantages for food security and nutritional enhancements are
additional benefits; however, their recognition by the public in general is modest.
Some consumers currently tend to sense risks regarding cell-based meat alternatives
due to the perception of unnaturalness and violation of norms (Bryant and Barnett,

2020). Unnaturalness is a common citation by Brazilian respondents as well (Valente
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et al., 2019). This may relate to neophobia, i.e., the fear of the new and unknown,
since conventional meat production is filled with unnatural aspects and procedures.
Neophobia tends to decrease with time as cell-based meat alternatives become more
familiar to society at large: as put by van der Weele and Driessen (2019), “normal

meat may become stranger as cultivated meat becomes more normal’.

2.4 THE FUTURE IS YET TO BE WRITTEN

Some forecasts have been published regarding the percentage of the global
meat chain to be provided for by meat alternatives in the future, of which that by
Gerhardt et al. (2020) is frequently cited. Although the predictions seem supported by
the recent developments in the plant-based industry, the forecast is less
straightforward for cell-based meat alternatives. This is so because, unlike plant-
based products, cell-based items are yet to become available to final consumers,
with the single exception of Singapore. An additional difficulty for such estimates is
that the size of the global meat market to be seized by meat alternatives is not pre-
determined and depends on decisions which may be difficult to predict. Finally, there
is high complexity in such decisions, with many facets to be locally studied, as they
may differ significantly across geographical regions and countries.

An important factor influencing the size of the alternative product chains, which
may vary across countries, is how society first learns about new meat alternatives
and which attributes become attached to them. Marketing issues are relevant and
methodological directions are necessary for shaping decisions and practices
regarding alternative proteins (Nguyen et al., 2022). In a survey to examine the view
of German consumers on cultivated meat, food technology neophobia was the
strongest negative, and green consumption values were the strongest positive
predictors of general attitudes (Dupont, Harms & Fiebelkorn, 2022). Such knowledge
may contribute to marketing strategies, which may present increased efficiency by
encouraging the natural perception of cultivated meat alternatives, using a less
technological product name, enabling transparency about the production and
creating a dialogue about both the fears and the benefits of the new technology.
Applying the same rationale to the positive aspects related to animal welfare in
surveys with Brazilian consumers, it seems logical to make reference to animal ethics

as well when marketing meat alternatives in Brazil.
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An important component affecting the decisions is the potential social impact
of the new chains, especially for countries highly involved in conventional meat
production such as Brazil. Tomiyama et al. (2020) approached a moral objection
raised against cell-based meat alternatives as they may increase unemployment for
producers, suggesting that new policies may be necessary to neutralize the negative
impacts. In a study by Morais-da-Silva et al. (2022a), a significant proportion of
interviewed experts agreed with the statement that cell-based and plant-based meats
will bring challenges to producers, with the greatest impact for small Brazilian farms,
since they do not have scale gains and, thus, are less competitive (Morais-da-Silva et
al., 2022a). On the other hand, according to Newton & Blaustein-Rejto (2021),
smaller American farms were identified as lower risk situations, since they have other
sources of income besides animal production. Additionally, challenges may arise
from barriers to make the transition, with American contracts and funding mostly
linked to conventional animal production (Newton & Blaustein-Rejto, 2021). Overall,
results by Morais-da-Silva et al. (2022a) suggest that the experts from Brazil and the
USA are more optimistic than European ones in relation to the social impacts of
alternative meats. All such contrasts support the need for local studies.

In Brazil, nine social opportunities and five threats were identified in relation to
the transition to alternative proteins (Morais-da-Silva et al., 2022b). One threat listed
by the interviewees was a potential difficulty in consumer acceptance, since
Brazilians have a cultural self-perception as the “barbecue country” (Morais-da-Silva
et al., 2022b). As evident by the expansion of vegetarianism and results on plant-
and cell-based meat demands in Brazil, this issue does not seem straightforward. In
addition, the fading line between meat-eating and vegetarianism further complicates
the issue and perhaps the concept of barbecuing will transition to alternative meats
more smoothly than initially thought. A major conclusion of the study by Morais-da-
Silva et al. (2022b) was that opportunities can better seized if there is a higher level
of engagement of stakeholders in the new alternative protein chains; the challenges,
in turn, tend to occur regardless, since habits are changing, and alternative proteins
are likely to advance in the world.

Convergent with recent findings regarding the benefits of engaging with the
new meat chains, Herrero et al. (2020) have previously proposed some action points
that may accelerate the transition to a more sustainable food system. Some action

points are related to the development of a societal dialogue, others are changes in
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policies and regulations as well as designing market incentives, which may be
considered three basic domains. Some of such actions have been initiated in Brazil.
For instance, the National Plan for Alternative Proteins by the Brazilian Ministry of
Agriculture (Becker, 2021) is currently under development with the participation of
several stakeholders of the new alternative protein chain and counts with the result of
a public consultation held in 2021. Besides that, there are research initiatives that
include universities, government agencies, NGOs and the private sector, as well as
other stakeholders. However, the development of public policies and private and
public funding to the alternative protein chain seem essential for the country to
become able to participate in the new meat chains in a meaningful way.

As the market and opportunities in alternative proteins increase, they tend to
receive more attention from the private sector as well. Big stakeholders such as JBS
and BRF, Brazilian companies recognized in the world as major protein industries,
have already invested in plant-based meat products and more recently in the cell-
based products as well. The JBS group announced the investment of USD $ 100
million in developments regarding cultivated meat, including the acquisition of the
Spanish startup BioTech Foods in 2021. The company is also developing a
technological and research center in Brazil (Teixeira, 2021). The BRF group invested
USD $ 2.5 million in the startup Aleph Farms and states that the company's 2030
vision is to have healthy and sustainable food, with the alternative proteins as the
pillar for such achievement (Forbes, 2021).

The future of the demand for alternative proteins relates to the availability of
the final products at retail level. The three domains based on Herrero et al. (2020), if
convergent, may accelerate the development of the alternative protein production. In
Figure 2, 15 relevant actions are presented, each linked to a domain, and their
relative degree of implementation in Brazil is classified. Such organization of relevant
actions may contribute to a clear view of possibilities and provide a framework to help
their monitoring across time. The framework allows for a rapid understanding of the
status of development of the alternative protein production chains, which may be
used for organizing actions within a country or to visualize local conditions to be used
for investment decisions. Such understanding may directly impact the production of
alternative protein items, which are essential for supplying the changing meat

demands.
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3. TRANSPARENCY: Prioritize transparency in all stages for the
6 promaotion of trust

a 4. AWARENESS: Estabilish a dialogue to increase awareness of
benefits and challenges of alternative proteins

15 ® 7
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traditional meat
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b 6. BASIC EDUCATION: Include teaching content and meal options
at schools to promote alternative proteins
13 7. DIFFERENTIATE STRATEGIES: Anticipate the impact of different
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8. DIFFERENTIATE COUNTRIES: Anticipate the impact of existing
different scenarios in each country
a SOCIETAL DIALOGUE 10. POLICIES FOR TRANSITION: Develop public policies as a way to drive
CHANGES IN POLICIES AND REGULATIONS the transition
c DESIGNING MARKET INITIATIVES 11. FUNDING PROGRAMS: Develop public and private funding
programs
| B | IN DEVELOPMENT
12. MARKETING REGULATIONS: Approve regulations for quality
IN PLANNING control and commercialization
NO ACTION AS YET
13.INCLUSION OF EXTERNALITIES: Promote the inclusion of

externalities on the financial analyses

14. TAX BENEFITS: Develop public programs for tax benefits

15. MARKET INCENTIVES: Develop market and incentives to
alternative protein products

FIGURE 2. THE THREE DOMAINS (A, B AND C) AND RESPECTIVE ACTION
POINTS TO DRIVE THE DEVELOPMENT OF THE ALTERNATIVE PROTEIN
CHAINS; ACTION POINTS ARE CLASSIFIED ACCORDING TO THEIR RELATIVE
DEGREE OF IMPLEMENTATION IN BRAZIL, IN MARCH 2022, WITH DARKER
COLORS INDICATING MORE ADVANCED STAGES.

Thus, how the new chains of meat alternatives will develop is a complex issue,
with important differences across countries. Nevertheless, considering that the
alternative protein market is growing fast and has started attracting attention of
governments, society and private sector, most changes are expected to occur in the
near future. Probably, an important factor for the success in the alternative protein
chain is a good ability to adequately drive the required initiatives. Brazil, as other
countries, seems to be writing its own future in the domestic and global meat market

by the decisions to be taken within the next few years.

2.5 CONCLUSION

Even though vegetarianism and veganism are increasing in Brazil and
elsewhere, a scenario of a predominantly meatless society does not seem likely in
the foreseeable future. In other words, meat demand may be decreasing when

measured as a percentage of total population; however, it is not showing signs of a
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significant decrease in absolute numbers. On the contrary, Brazilian demand for meat
may be increasing, with the increase in the absolute number of Brazilian citizens in
the future and with potential increases in purchasing power. This, however, may not
be understood as a stagnant picture where society will maintain their conventional
meat purchasing regardless of all the associated problems. As the many benefits of
meat alternatives become clearer and the paradoxes coupled to conventional meat
consumption are relieved, it is likely that the trend for acceptance of alternative meat
products will soar. This trend seems increasingly strong as meat alternatives
approach conventional meats in terms of flavor and price, with the potential to
generate a revolution in the worldwide meat scenario. Thus, from a solid demand for
meat and an increasing recognition of the problems with its conventional type, a great
revolution seems to be gaining momentum, and it is based on a disruption in the way
meat is produced.

It is difficult to predict what type of food protein will be in high demand in the
next decades, as novel products tend to become more abundant as well as more
original. Because we are living through one of the major changes in the way we
produce food since the domestication of animals more than ten thousand years ago,
it is a risky exercise to imagine what kind of foods will be preferred in the future. This
is true for disruptive innovations: just as at present the demand for better computers
make it awkward to imagine a demand for better typewriters, or car engines made it
obsolete to dream with better horse carts, so will completely new food protein
products likely present themselves for their quality as food items as well as for their

ethical and environmental attributes.
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3 HOW MUCH DO OPINIONS REGARDING CULTIVATED MEAT VARY WITHIN
THE SAME COUNTRY? THE CASES OF SALVADOR AND SAO PAULO, BRAZIL.

ABSTRACT

The problems related to conventional meat production have been widely discussed
globally and alternative proteins emerge as more sustainable and ethical options.
Thus, understanding the intention to consume cultivated meat is key. This work
aimed to study the intention to consume cultivated meat by residents of Sao Paulo
and Salvador, Brazil, studying demographic differences. An online questionnaire with
17 multiple-choice and open questions regarding opinions on conventional and
cultivated meat was used and the results were analyzed both quantitatively and
qualitatively. With 809 participants, 419 (51.8%) from Sao Paulo and 390 (48.2%)
from Salvador, 265 (32.8%, of which 170 (64.2%) from S&o Paulo and 95 (35.8%)
from Salvador) respondents stated they would eat cultivated meat. Residents of Sao
Paulo demonstrated higher familiarity with cultivated meat (187 (44.6%) had heard of
it compared to 123 (31.5%) in Salvador).Such disparity in awareness seems coherent
with differences in access to information and educational levels. Our results suggest
that the acceptance of cultivated meat varies significantly across different regions of
Brazil, likely related to the country’s continental size, uneven economic and
educational status and rich cultural diversity. We conclude that the acceptance of
cultivated meat correlates with knowledge about it and that efforts to raise such
knowledge require the consideration of cultural and socioeconomic aspects on a
regional rather than national level, especially for geographically big and culturally
diverse countries. Future research seems warranted as additional reasons for
different acceptance levels likely play key roles and may be investigated in target
groups less diverse in educational levels. Continued research is also essential due to
dynamics of acceptance and its entanglement with familiarity and knowledge
regarding cultivated meat, both of which tend to significantly increase with time.

Key-words: Alternative proteins. Awareness. Consumer behavior. Demographic
differences.

3.1 INTRODUCTION

The projections by the United Nations, in 2022, suggest that the global
population is likely to grow to around 8.5 billion in 2030, 9.7 billion in 2050 and 10.4
billion in 2100 (United Nations, 2022). The effect of this overall human population
growth on meat consumption is amplified by the progressive meatification of diets
(Hansen et al., 2021) in highly populated areas. Coherently, the demand for meat
remains on the rise globally, leading to increased societal concerns about intensified
animal production and, consequently, environmental and animal welfare issues
(Bryant & Barnett, 2020). The problems related to animal production have been
called ‘elephants in the room’, as they are disproportionately discussed. Recently,

eight elephants were reported in the room: (1) the absurd reality that food for more
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than 80 billion farm animals is produced in an effort to feed 8 billion humans, (2)
forest destruction for pasture and crops to feed farm animals, (3) greenhouse gas
emissions, (4) water use and waste management problems, (5) the unfair treatment
of animals in intensive production systems, (6) the inefficiency of the current animal
production systems as compared to new technologies, (7) public health risks of novel
pandemics and antibiotic resistance, and (8) the predominant use of Earth’s carbon
atoms by human and, mostly, farm animal bodies (Phillips et al., 2024).

In this sense, the problems involved in the current scenario of animal
production indicate a need to adapt to more sustainable systems that also value
aspects related to animal welfare (Godfray et al., 2018), with concerns about such
topics growing among consumers (Pakseresht et al.,, 2022). Coherently, concerns
about the ethics and environmental impacts of traditional meat consumption have
stimulated the development of alternatives (Godfray et al., 2018), and protein source
diversification emerges as a promising option, with the potential to generate
environmental benefits (Poore & Nemecek, 2018) and higher standards regarding
animal suffering (Pakseresht et al., 2022). Furthermore, alternative proteins address
issues related to public health, food safety, and animal welfare (Godfray et al., 2018;
Pakseresht et al., 2022; Tuomisto et al., 2024; van der Weele & Driessen, 2019;
Nobre, 2022). However, there are challenges for their development. For instance,
although cultivated meat uses significantly less land and water than conventional
production, it may require higher energy inputs, depending on which specific chains
are compared (Tuomisto et al., 2014). The climate effects of cultivated meat can also
vary depending on the energy source used (Tuomisto et al., 2024). Biotechnological
challenges for scaling up cultivated meat production in a cost-effective way remain
(Soccol et al., 2024), while the use of animal-free inputs presents its own set of
research questions (Bryant & Barnett, 2019). Yet another example is the need to
understand consumer demands and intention to purchase cultivated meat products
(Biscarra-Bellio et al., 2023), as an evident essential part for the success of the new
food production systems. Considering the remaining difficulties, the robust and
multidimensional perceived benefits of cultivated meat and other alternative proteins
boost increasing private and public investments for the resolution of the remaining
challenges.

As a response to the need for science-based solutions, a new field of

research, education, outreach activities and production systems conceived to
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develop and deliver alternative proteins, commonly denominated cellular agriculture,
is currently under development (GFI, 2022). In turn, alternative proteins are foods
produced through the cultivation of animal cells ex vivo (i.e. out of the body),
fermentation processes such as biomass and precision fermentation, or a
combination of plant ingredients, with the goal of offering animal products or their
analogues without the need for animal farming and slaughter (Garbin et al., 2024).
Cultivated meat is a product of the culture of muscle tissue from a collection of cells
from a live animal (Pandurangan & Kim, 2015).

Some analogues to products of animal origin, such as those from plants, have
been in human meals for decades. Whereas plant-based products are already
commercialized, there are increasing levels of investment in cellular agriculture to
improve knowledge regarding the existing technical, regulatory, and commercial
challenges before all sorts of alternative proteins become widely available in the
market (Nezlek & Forestell, 2019), with price parity with their conventional
counterparts. This price-parity seems particularly difficult to achieve unless
fundamental shifts in subsidies currently available for conventional meat are enacted
(Pasitka et al., 2024).

It is known that price is a major driving force for consumer buying decisions
(Liu et al.,, 2023). Would then price-parity between alternative proteins and
conventional animal products suffice for a major market shift towards alternative
proteins? Maybe not. Meat consumers are reported to be resistant to alternative
proteins due to a variety of reasons. An important reason seems to be their
perception of risks in novel foods (Nezlek & Forestell, 2019). For instance, consumer
preferences and risk perceptions influence the intention to try alternative proteins,
and the greater the risk perceived the less likely consumers are to try them (Begho &
Zhu, 2023). In addition, consumers who are skeptical when it comes to the decision
of consuming cultivated meat report feelings of disgust, lack of naturalness, and
negative sensory expectations (Wilks & Phillips, 2017; Onwezen et al., 2021; Bryant
& Barnett, 2018; Siegrist et al., 2018; Egolf et al., 2019; Septiano et al., 2023). Food
neophobia, defined as an individual's reluctance to consume new foods (Nezlek &
Forestell, 2019), is a general reason for rejecting any food item on the basis of its
novelty and unfamiliarity which also plays a role for rejecting alternative proteins.

An approach related to social sciences brings additional understanding to the

potential acceptance of cultivated meat and other alternative proteins. Dietary
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behaviors are intrinsically linked to the social and economic expression of identities
and preferences, playing a crucial role in nutritional status and health. Such links
include the cultural context, which influences the place that different foods occupy
within local culinary traditions and the perception of specific food technologies
(Nguyen et al., 2021; Giacalone & Jaeger, 2023). Within this complex multifactorial
scenario composing food choices, it seems necessary to gain a more nuanced
understanding of the psychological mechanisms that contribute to attitudes to and
engagement with cultivated meat (Wilks et al., 2019). It is perceived that consumer
acceptance will dictate its success (Pakseresht et al., 2022; Wilks et al., 2019) in
addition to being a determinant of the new balance between conventional and
cultivated meat production chains. In this sense, whether cellular agriculture will
become more than just a niche market (Valente et al., 2019) depends critically on the
percentage of consumers that buy its products.

It is logical, then, that the intention to purchase cultivated meat is a relevant
research topic. In fact, the intention to consume cultivated meat has been the focus
of scientific studies over the past decade, with the first publications appearing in 2015
(Boscardin & Dorr, 2023). The levels of acceptance of cultivated meat vary among
different research results worldwide (Wilks & Phillips, 2017; Weinrich et al., 2020;
Mancini & Antonioli, 2019; Chriki & Hocquette, 2020), as in Brazil (Valente et al.,
2019; Fernandes et al., 2021; de Oliveira et al., 2021; Chriki et al., 2021). However,
treating consumption intention on a country basis seems an oversimplification that
may hinder advancements in the field. This is especially relevant for countries with
diverse cultural characteristics, which may be exacerbated by extensive territorial
area and large human population sizes, as can be epitomized by the case of Brazil.

Brazil hosts around half the South American population and around half its
geographical area. In addition, Brazil is the largest exporter of beef and the second
largest producer of meat in the world (USDA, 2021), being arguably considered a
country with a barbecue culture (Fernandes et al., 2021). As agriculture and animal
production constitute a major component of the country’s Gross Domestic Product
(GDP), the introduction of meat alternatives nationally, e.g. cultivated meat seems
essential to maintain its market share in the future, requiring careful planning to
maximize the benefits and mitigate the disadvantages (Morais-da-Silva et al., 2022).
Thus, a more detailed regional understanding of Brazilians’ perceptions of and

intention to consume alternative proteins, with their underlying reasons, seems both
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relevant and a rich study case scenario. Brazilian regions differ significantly in
geographic, socioeconomic, food culture, and media exposure aspects and it is likely
that such differences significantly influence consumer acceptance of new foods.
Indeed, in a previous study comparing two Brazilian cities within the same
geographical region of Brazil, the South, significant differences in consumption
intention were observed (Valente et al., 2019), raising interesting scientific questions
regarding the magnitude of differences which may appear when the comparison is
expanded to include cities from other regions in the country.

To address such knowledge gaps, this study compared consumption intention
and related perceptions between residents of the biggest cities in Northeastern and
Southeastern regions in Brazil. More specifically, we studied the knowledge of and
willingness to eat cultivated meat, general perceptions about conventional and
cultivated meat, as well as about the relationship between each type of meat and
environmental, human health, and animal welfare issues. Thus, goal of our study was
to further investigate the intention of Brazilians to consume cultivated meat and
related issues, focusing on residents in the cities of Sdo Paulo and Salvador. The two
cities were chosen for their representativeness of each region, due to their population
sizes and the fact that they are both State capitals, as well as due to the strong
contrasts between them.

Salvador, the largest urban center in the Northeast region and the capital of
the State of Bahia, with a population of 2,417,678 inhabitants (IBGE, 2022), is
currently ranked with the weakest economic and employment indicators among
Brazilian State capitals (ICE, 2023). In contrast, the city of Sdo Paulo, capital of the
Southeastern State of S&o Paulo, is the most populous city in Brazil, with a
population of 11,451,99 inhabitants (IBGE, 2022), and stands out as the most
economically developed center in the country (ICE, 2023).

This paper is structured to provide a demographic characterization of our
participants, followed by descriptive and qualitative data obtained from their
responses, which were later summarized and prepared for comparative and
explanatory analyses, according to appropriate methodology for each case. Results
were then statistically compared between cities and also analyzed considering
relevant demographic data as potential explanatory factors. There follows a
discussion section, organized from general to more specific issues, which includes

the limitations of our study and potential priorities for further research in the field.
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3.2 MATERIAL AND METHODS

Residents of the cities of Sdo Paulo and Salvador were invited to participate in
an online survey. A consumer survey start-up (Opinion Box®) was hired to apply the
questionnaire to individuals over 18 years-old, from September 5th to 23rd, 2019.This
work was approved by the Ethics Committee on Research with Humans, of Health
Sciences Sector of the Federal University of Parana, Brazil, and is registered under
number 3.040.865/2018. To proceed with the questionnaire, participants were
required to check a box indicating that they had read and agreed with the Informed
Consent Form. This procedure ensured that they understood the study's objectives
and nature before continuing. The explanation provided included details about the
risks and benefits involved. They were also informed that they could withdraw from
participation at any time, without the need to justify their decision and without any
penalties, thus expressing their voluntary consent to participate in the study. The
survey was elaborated based on a previous study of consumers in Southern Brazil
(Valente et al.,, 2019) and composed of 15 multiple-choice and two open-ended
questions. Questions 1 to 7 were related to sociodemographic data (gender, income,
age, region, city, education, frequency of meat consumption). In addition to questions
specifically about cultivated meat acceptance, we selected related issues that may
provide insights into respondents' acceptance levels. The degree of familiarity with
cultivated meat is likely a key factor in understanding consumer interest. Similarly,
capturing respondents' perceptions of the positive and negative impacts of
conventional meat on environmental, human health, and animal welfare issues may
help interpreting their motivations for accepting or rejecting meat alternatives
Thereby, questions 8 to 17 (Table 1) explore participants' level of knowledge about
conventional and cultivated meat, their intention to consume cultivated meat, and
their perceptions of how the production of either one affects the environment, human
health, and animal welfare. Questions 8 and 10 featured an image depicting
conventional and cultivated meat chains. Questions from 12 to 17 presented the
following response categories: very negative, negative, neutral, positive, and very

positive.

TABLE 1. QUESTIONS COMPOSING THE ONLINE QUESTIONNAIRE
ADMINISTERED FROM SEPTEMBER 5TH TO 23RD, 2019, TO RESIDENTS OF
SAO PAULO AND SALVADOR, BRAZIL.

Number Question
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8 What comes to your mind when you think of this conventional meat production
system? Mention the first three words that come to your mind.

9 Have you heard about cultivated meat?

10 What comes to your mind when you think of this cultivated meat production
system? Mention the first three words that come to your mind.

11 Would you eat cultivated meat? Justify

12 Regarding the environment, conventional meat is very
negative/negative/neutral/positive/very positive

13 Regarding the environment, cultivated meat is very
negative/negative/neutral/positive/very positive

14 Regarding human health, conventional meat is very
negative/negative/neutral/positive/very positive

15 Regarding human health, cultivated meat is very
negative/negative/neutral/positive/very positive

16 Regarding animal welfare, conventional meat is very
negative/negative/neutral/positive/very positive

17 Regarding animal welfare, cultivated meat is very

negative/negative/neutral/positive/very positive

Sociodemographic data (questions 1 to 7) were compared with census results
by the Brazilian Institute of Geography and Statistics (IBGE, 2022), to verify whether
the sample was representative of the population of the cities where the questionnaire
was applied. Question 7 intended to identify respondents in terms of meat
consumption, a factor likely related to their opinions regarding alternative proteins.

The answers to the open-ended questions were analyzed by two researchers,
who initially synthesized the phrases individually into preliminary central ideas using
the Collective Subject Discourse (CSD) method (Duarte et al., 2009). First, each
researcher conducted their own independent data analysis, selecting the terms that,
in their view, best represented the central themes. Subsequently, both researchers
met to compare and discuss the selected terminology, evaluating each term to decide
which best represented the respondent ideas. During these discussions, a 90.0%
agreement rate was achieved between the analyses. In cases of divergence, the
reasons behind each term's proposal were thoroughly examined. The researchers
then consulted an online Portuguese dictionary and, afterwards, an online English
dictionary (Michaelis Moderno Dicionario, 2024) to ensure translation accuracy and
the semantic precision of the terms. Finally, these terms were incorporated into the
word clouds, where the most frequent terms appear in proportionally larger sizes.
The justifications for answers to question 11 were also analyzed by the two different
researchers, grouping them by similarity, using the same methodology.

The following factors were considered as explanatory variables: city, income,

education, and frequency of meat consumption, as per categories in Table 2.
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Knowledge about cultivated meat, consumption intention, and the relationships
between cultivated and conventional meat with the environment, human health and
animal welfare were the subjects addressed in the questions. For the binary
responses (yes or no) we fitted binary logistic regression models, and the results are
presented through the odds ratios of a positive response and corresponding
confidence intervals (95%), whereas the ordinal response variables (very negative,
negative, neutral, positive, very positive) were analyzed by fitting proportional odds
regression models, and the results are presented by means of the odds ratios for a
more favorable (positive) response. The ordinal scale variables were grouped
before fitting the regression models, by combining the two less favorable options as a
negative response, and the two more favorable as a positive response. In this case,
each ordinal variable presents three categories: negative, neutral, and positive. All
questions contained the "I do not know" answer option. Thus, an examination was
also carried out on how demographic factors influenced knowledge, or lack thereof, in
relation to each of the questions. We present the non-adjusted results, based on
univariate regression models, as well as the adjusted results, provided by multiple
regression models. All conclusions are based on a 5% significance level. All analyses
were carried out using the R software (R Core Team, 2023) for statistical
computation, version 4.3.1. The R library ordinal was used to fit the ordinal

regression models.

3.3 RESULTS

The questionnaire was filled by a total of 809 respondents, 419 from Sao
Paulo and 390 from Salvador. The demographic results are presented in Table 2.
The income range varied between the two cities: in Sdo Paulo the most frequently
declared income was from R$1,997.00 to R$4,990.00 (44.8%), while in Salvador, it
was up to R$1,996.00 (42.5%). Respondents from Sao Paulo most frequently
claimed complete or incomplete higher education (42.4%), and from Salvador, partial
or complete elementary or high school (48.7%). Most respondents from S&o Paulo
stated that they consumed meat 4 to 7 days a week (51.0%), while in Salvador it is 1
to 3 days a week (54.3%).

TABLE 2.DEMOGRAPHIC RESULTS BY RESPONSE CATEGORIES OF THE 809
RESPONDENTS FROM AN ONLINE QUESTIONNAIRE ADMINISTERED FROM
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SEPTEMBER 5 TO 23, 2019, TO RESIDENTS OF SAO PAULO AND SALVADOR,
BRAZIL.

Variables Categories Results

_ Séo Paulo 419 (51.8%)
City Salvador 390 (48.2%)
Men 345 (42.6%)
Gender Women 464 (57.4%)
18 to 29 years old 260 (32.1%)
Age 30 to 49 years old 424 (52.4%)
50 or older 125 (15.5%)
Up to R$1996.00 273 (33.7%)
Income R$1997.00 to R$4990.00 344 (42.5%)
More than R$4990.00 192 (23.8%)
Elementary or high school 341 (42.2%)
Education Higher education 394 (48.7%)

Postgraduate degree 74 (9.1%)

Does not eat meat 22 (2.7%)
Frequency of meat consumption 1 to 3 days a week 402 (49.7%)
4 to 7 days a week 385 (47.6%)

When respondents were asked whether they had already heard about
cultivated meat, of the 809 respondents, 310 (38.3%) answered yes (Figure 1). The
results of the responses related to the question by demographic variable are

presented in Table 3.

I don't know [ No B Yes

€éd

General Sao Paulo Salvador
General Sao Paulo Salvador
a. Knowledge about cultivated meat b. Comsuption intention
General SédoPaulo 44 Salvador

34.1

c. Positive responses about conventional (gray) and cultivated meat (black)

FIGURE 1. GENERAL AND BY CITY PERCENTAGES REGARDING KNOWLEDGE
ABOUT CULTIVATED MEAT (A); THE INTENTION TO CONSUME CULTIVATED

41.3
40 1l 387 369 36.4 I
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MEAT (B); POSITIVE RESPONSES REGARDING THE INFLUENCE OF
CONVENTIONAL MEAT AND CULTIVATED MEAT ON THE ENVIRONMENT,
HUMAN HEALTH AND ANIMAL WELFARE (C).

TABLE 3. ANSWERS TO THE QUESTION “HAVE YOU HEARD ABOUT
CULTIVATED MEAT?", GIVEN BY 809 RESPONDENTS FROM SAO PAULO AND
SALVADOR, BRAZIL, IN AN ONLINE QUESTIONNAIRE FROM SEPTEMBER 5 TO
23, 2019.

Have you heard about cultivated meat?

Variables

Categories

Yes No

_ Sé&o Paulo 187 (44.6%) 232 (55.4%)
City Salvador 123 (31.5%) 267 (68.5%)
Men 146 (42.3%) 199 (57.7%)

Gender o o
Women 164 (35.3%) 300 (64.7%)
18 to 29 114 (43.8%) 146 (56.2%)
Age 30 to 49 151 (35.6%) 273 (64.4%)
50 or older 45 (36.0%) 80 (64.0%)
Up to R$1996.00 100 (36.6%) 173 (63.4%)
Income R$1997.00 to R$4990.00 120 (34.9%) 224 (65.1%)
More than R$4990.00 90 (46.9%) 102 (53.1%)
Elementary or high school 113 (33.1%) 228 (66.9%)
Education Higher education 161 (40.9%) 233 (59.1%)

Postgraduate degree

36 (48.6%)

38 (51.4%)

Frequency of
meat consumption

Does not eat meat
1 to 3 days a week
4 to 7 days a week

9 (40.9%)
139 (34.6%)
162 (42.1%)

13 (59.1%)
263 (65.4%)
223 (57.9%)

Overall, 265 (32.8%) participants expressed interest in eating cultivated meat,
211 (26.0%) stated that they would not consume it, and 333 (41.2%) replied “I do not
know” (Figure 1). The results of the responses related to the question by

demographic variable are presented in Table 4.

TABLE 4. ANSWERS TO THE QUESTION “WOULD YOU EAT CULTIVATED
MEAT”, GIVEN BY 809 RESPONDENTS FROM SAO PAULO AND SALVADOR,
BRAZIL, IN AN ONLINE QUESTIONNAIRE FROM SEPTEMBER 5 TO 23, 2019.

Would you eat cultivated meat?

Variables Categories Yoo NG 4o not know
_ Séo Paulo 170 (40.6%) 81(19.3%) 168 (40.1%)
City Salvador 95 (24.4%) 130 (33.3%) 165 (42.3%)
Men 128 (37.1%) 79 (22.9%) 138 (40.0%)

Gender Women 137 (29.5%) 132 (28.5%) 195 (42.0%)
18 to 29 100 (38.5%) 58 (22.3%) 102 (39.2%)

Age 30 to 49 137 (32.3%) 110 (25.9%) 177 (41.8%)
50 or older 28 (22.4%) 43 (34.4%) 54 (43.2%)




Up to R$1996.00

86 (31.5%)

80 (29.3%)

107 (39.2%)

Income R$1997.00 to 104 (30.2%) 92 (26.8%) 148 (43.0%)
R$4990.00
More than R$4990.00 75 (39.1%) 39 (20.3%) 78 (40.6%)
Elementary or high 109 (32.0%) 101 (29.6%) 131 (38.4%)
school
Education

Higher education
Postgraduate degree

131 (33.2%)
25 (33.8%)

93 (23.6%)
17 (23.0%)

170 (43.2%)
32 (43.2%)

Frequency of
meat
consumption

Does not eat meat
1 to 3 days a week
4 to 7 days a week

2 (9.1%)
115 (28.6%)
148 (38.4%)

15 (68.2%)
116 (28.9%)
80 (20.8%)

5(22.7%)
171 (42.5%)
157 (40.8%)
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Among the 265 who showed interest in consuming cultivated meat, the main
justifications were related to curiosity (32.0%), reporting verbs such as to try, to taste,
to know; animal welfare (26.0%), with phrases such as to spare the lives of animals,
to reduce slaughter, to avoid the killing of animals; human health (9.0%), with
justifications such as it seems healthy, it would not be harmful to human health, it
seems more nutritious.

Regarding the justification of the 211 respondents who answered that they
would not eat cultivated meat, the main ideas were grouped into i) neophobia
(26.0%), with phrases such as | am afraid, dubious process, strange; ii) artificiality
(21.0%), containing justifications such as not natural, too artificial, something
modified; iii) lack of knowledge (15.0%), with ideas such as | do not know, lack of
information about the product, | do not understand the process; and iv) human health
(15.0%), involving responses such as it is bad for our health, it is not healthy, it can
cause disease.

The results of the most positive responses regarding the relationships
between conventional meat and cultivated meat with the environment, human health,
and animal welfare are represented in Figure 1.

Among the 310 respondents who had heard of cultivated meat, 156 (50.3%)
said they would eat it, 64 (20.7%) said they would not, and 90 (29.0%) said they
didn’t know. Of the 499 respondents who were unfamiliar with cultivated meat, 109
(21.8%) said they would eat it, 147 (29.5%) said they would not, and 243 (48.7%)
said they didn’t know (Table 5).

TABLE 5. RESPONSES TO QUESTIONS ABOUT THE RELATIONSHIP BETWEEN
CULTIVATED MEAT AND THE ENVIRONMENT, HUMAN HEALTH, AND ANIMAL
WELFARE, BASED ON RESPONDENTS' FAMILIARITY OF CULTIVATED MEAT,
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COLLECTED FROM 809 PARTICIPANTS IN SAO PAULO AND SALVADOR,
BRAZIL, IN AN ONLINE QUESTIONNAIRE CONDUCTED FROM SEPTEMBER 5
TO 23, 2019.

. Responses
Have heard How cultivated

about meat relates to Beneficial Neutral Harmful ! Er?or\:\(/)t
Environment 174 (56.1%) 67 (21.6%) 42 (13.6%) 27 (8.7%)
Yes Human Health 108 (34.8%) 77 (24.9%) 62 (20.0%) 63 (20.3%)
Animal Welfare 205 (66.1%) 54 (17.4%) 33 (10.7%) 18 (5.8%)
Environment 199 (39.9%) 123 (24.7%) 82 (16.4%) 95 (19.0%)

No Human Health 75 (15.0%) 144 (28.9%) 114 (22.8%) 166
(33.3%)

Animal Welfare

215 (43.1%)

114 (22.9%)

84 (16.8%) 86 (17.2%)

Regarding the odds ratios of providing a response other than "I don't know"
response for each question, only those with statistical significance (95% CI, p<0.05*
or p<0.001**) will

respondents from S&o Paulo compared to those from Salvador on the following

be highlighted. Greater knowledge was observed among

questions: question 12 (OR=1.95* in the bivariate analysis and OR=1.79* in the
multivariate analysis), question 13 (OR=1.67* in the bivariate analysis and OR=1.73*
in the multivariate analysis), question 16 (OR=3.16** in the bivariate analysis and
OR=3.10** in the multivariate analysis), and question 17 (OR=1.69" in the bivariate
analysis and OR=1.77* in the multivariate analysis). Additional results are available in
Table 6.

TABLE 6. DATA SET OF ODDS RATIOS OF RESPONSES FOR EACH QUESTION,
COMPARING THE VARIABLES GENDER, AGE, INCOME, EDUCATION, AND
MEAT CONSUMPTION AMONG RESPONDENTS FROM SAO PAULO AND
SALVADOR, FROM SEPTEMBER 5TH TO 23RD, 2019.

Question Variable Odds ratio definition B|var|a_te Mult|pl_e
analysis analysis
Gender Men / Women 1.34* 1.23
Age 30t049/18 10 29 0.70* 0.62*
50 or older/ 18 to 29 0.72 0.60*
Income (R$) 1997.00 to 4990.00 / Up to 1996.00 0.92 0.81
9 Greater than 4990.00 / Up to 1996.00 1.52* 1.25
University/ Elementary or High School 1.39* 1.33
Education Postgraduate / Elementary or High 1.91* 165
School
Meat Did not consume /4 to 7 0.95 0.83
Consumption 1t03/4t07 0.72* 0.86
Gender Men / Women 1.56* 1.56*
Age 30t049/18 1o 29 0.72 0.54
50 or older/ 18 to 29 0.37* 0.23**
11 Income (RS) 1997.00 to 4990.00 / Up to 1996.00 1.05 0.81
Greater than 4990.00 / Up to 1996.00 1.78* 1.46
Education University/ Elementary or High School 1.30 1.24
Postgraduate / Elementary or High 1.36 1.00



School
Meat Did not consume /4 to 7 0.07* 0.04**
Consumption 1t03/4t07 0.53* 0.67
Gender Men / Women 1.35* 1.35*
Age 30t049/18 1o 29 1.28 1.24
50 or older/ 18 to 29 1.17 1.19
Income (RS) 1997.00 to 4990.00 / Up to 1996.00 .1.08 1.12
12 Greater than 4990.00 / Up to 1996.00 0.85 0.91
University/ Elementary or High School 0.93 0.99
Education Postgraduate / Elementary or High 097 107
School ' '
Meat Did not consume / 4 to 7 1.17* 0.17*
Consumption 1t03/4t07 1.21 1.19
Gender Men / Women 1.10 1.06
Age 30to49/18to 29 0.81 0.75
50 or older / 18 to 29 0.56* 0.45*
Income (RS) 1997.00 to 4990.00 / Up to 1996.00 1.51* 1.42*
13 Greater than 4990.00 / Up to 1996.00 1.87* 1.76*
University/ Elementary or High School 1.26 1.00
Education Postgraduate / Elementary or High 144 104
School ' ’
Meat Did not consume /4 to 7 0.78 0.76
Consumption 1t03/4t07 0.67* 0.83
Gender Men / Women 1.62* 1.48*
Age 30t049/18 1o 29 1.47* 1.46*
50 or older/ 18 to 29 1.37 1.45
Income (R$) 1997.00 to 4990.00 / Up to 1996.00 0.92 0.85
14 Greater than 4990.00 / Up to 1996.00 1.34 1.1
University/ Elementary or High School 1.17 1.16
Education Postgraduate / Elementary or High 0.93 0.79
School ' '
Meat Did not consume /4 to 7 0.20** 0.20**
Consumption 1t03/4t07 0.66* 0.67*
Gender Men / Women 1.03 0.96
Age 30t049/18to 29 0.86 0.87
50 or older/ 18 to 29 0.70 0.68
Income (RS) 1997.00 to 4990.00 / Up to 1996.00 1.28 1.15
15 Greater than 4990.00 / Up to 1996.00 1.45 1.32
University/ Elementary or High School 1.30 1.14
Education Postgraduate / Elementary or High 0.85 0.71
School ' '
Meat Did not consume / 4 to 7 0.50 0.52
Consumption 1t03/4t07 0.66* 0.75
Gender Men / Women 1.52* 1.55*
Age 30t049/18to0 29 1.26 1.30
50 or older / 18 to 29 1.39 1.58*
Income (R$) 1997.00 to 4990.00 / Up to 1996.00 0.75 0.79
Greater than 4990.00 / Up to 1996.00 0.64* 0.68
16 University/ Elementary or High School 0.84 0.98
Education Postgraduate / Elementary or High 0.61* 073
School ’ '
Meat | o7 Did not consume / 0.14* 0.14*
Consumption 1103/4107 1.18 1,07
Gender Men / Women 1.14 1.02
17 Age 30t049/18 1o 29 0.92 0.84
50 or older/ 18 to 29 0.55* 0.46*
Income (R$) 1997.00 to 4990.00 / Up to 1996.00 1.55* 1.37
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Greater than 4990.00 / Up to 1996.00 2.19** 1.88*

University/ Elementary or High School 1.39* 1.15

Education Postgraduate / Elementary or High 1.81*% 126
School

Meat Did not consume /4 to 7 0.29* 0.29*

Consumption 1t03/4t07 0.56™* 0.71*
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The odds ratios of providing a more positive response for each question,

comparing respondents from Sao Paulo to those from Salvador, are represented in
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FIGURE 2. NON-ADJUSTED (BIVARIATE) AND ADJUSTED (MULTIPLE) ODDS
RATIOS FOR A MORE POSITIVE RESPONSE AMONG RESPONDENTS FROM
SAO PAULO COMPARED TO THOSE FROM SALVADOR (P<0.05*, P<0.001**).

For conventional meat, the main ideas in response to question 8 cited by the

809 respondents were: i) production (21.6%), with words like farm, production,

reproduction; ii) suffering (11.7%), with citations such as cruelty, torture, suffering; iii)

logistics (11.6%), which includes words such as distribution, transport, logistics. For

cultivated meat, the main answers given involved i) innovation (12.1%), with words

like technology, advance, innovative; ii) neophobia (10.8%), with words such as

strange, fear, distrust; iii) artificial (8.2%), containing words such as false, unnatural,

artificial (Figure 3).
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FIGURE 3. WORDS REPRESENTING THE IDEAS EXPRESSED BY 809
RESPONDENTS FROM SAO PAULO AND SALVADOR ABOUT CONVENTIONAL
MEAT (A) AND ABOUT CULTIVATED MEAT (B); WORDS REPRESENTING THE
IDEAS EXPRESSED BY 419 RESPONDENTS FROM SAO PAULO ABOUT
CONVENTIONAL MEAT (C) AND ABOUT CULTIVATED MEAT (D);WORDS
REPRESENTING THE IDEAS EXPRESSED BY 309 RESPONDENTS FROM
SALVADOR ABOUT CONVENTIONAL MEAT (E) AND ABOUT CULTIVATED MEAT

(F).

3.4 DISCUSSION

Our results show that cultivated meat was not well known in Brazil in 2019,
with respondents from Salvador demonstrating greater unfamiliarity compared to
those from Sao Paulo. Concomitantly, conventional meat was more appealing to
people from Salvador, those with lower income and with lower education. Salvador is
the State capital city with the most fragile economic and employment rates in Brazil
(where 16.0% of the population was unemployed in 2019), considering the
comparison of 40 social indicators and the performance of municipal government in
areas such as income and education, according to Sustainable City Institute (ICE,
2023). Additionally, according to the general ranking of the Entrepreneurial Cities
Index (ICE, 2023), which considers each of seven determinants - regulatory
environment, infrastructure, market, access to capital, innovation, human capital, and
culture - and their indicators, Sdo Paulo leads as the most developed city in Brazil
(with a score of 8.67) e an human development index (HDI) scoring 0,868 while
Salvador appears in the 47th position (with a score of 6.05) with an HDI scoring
0,759 (UNDP, 2025). Lack of familiarity with cultivated meat was cited as a barrier by

participants (Pandurangan & Kim, 2015). Prior knowledge was also described as a
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driving factor for cultivated meat acceptance (Weinrich et al., 2020; Verbeke et al.,
2015). A study conducted in Germany with 713 participants showed that 38.0% of
them already had prior knowledge of cultivated meat and demonstrated greater
acceptance (Weinrich et al., 2020). A study with 1,296 participants in the Netherlands
indicated that 79.0% had never heard of cultivated meat. However, after explaining
the technique and its possible advantages and disadvantages, 52.0% claimed to be
willing to try it (Flycatcher, 2013). Additionally, a study conducted with 739
participants in the southern region of Brazil showed that 39.3% of them responded
positively to the questions after watching an explanatory video about cellular
agriculture (Valente et al., 2019). Overall, the level of knowledge is embedded in a
dynamic set of information and, as such, it is likely to improve rapidly as news about
cultivated meat becomes increasingly frequent (Valente et al., 2019). It seems
relevant to scrutinize the social inequalities in the regions studied to avoid biased
interpretations that may suggest that people who reject cultivated meat do not like it,
when in fact they may not have received adequate or any information about it.

The overall results in terms of intention to consume cultivated meat were
relatively low, with respondents from Sao Paulo showing greater interest. Studies
conducted in ltaly have shown cultivated meat consumption intentions of 54.0%,
among 525 participants (Mancini & Antonioli, 2019), while in Germany the rate was
57.0%, among 713 participants (Weinrich et al., 2020). In the United States, the
consumption intention was even higher, with 65.3%, among 673 participants (Wilks &
Phillips, 2017). Interestingly, in Brazil, intentions to consume cultivated meat were
also higher in previous studies. Among residents of the Southern region of the
country, consumption intentions of 63.6% (Valente et al., 2019) and 59.3%
(Fernandes et al., 2021) were reported. In the Southeast region of Brazil, the
consumption intention was even higher, reaching 80.9% among residents (de
Oliveira et al., 2021). Therefore, the difference in acceptance among all studied
regions of Brazil seems significant. This is confirmed by our study, the first one to use
the same methodology and simultaneous surveys to allow for a valid comparison
between geographic regions.

Apparently, people are interested in eating cultivated meat out of curiosity
regarding the organoleptic properties of the product. An important factor when
considering whether the people would consume cultivated meat or not is whether it

tastes the same as conventional meat (Ruzgys & Pickering, 2020). Indeed, sensory



50

quality is an important characteristic to increase consumer acceptability (Liu et al.,
2023; Siddiqui et al., 2022a). Nonetheless, flavor and texture can be adjusted to
increase the acceptance of cultivated meat in the near and distant future (Bryant &
Barnett, 2020).The perception of the flavor of cultivated meat diverges from that of
conventional meat. A study conducted with 214 participants in Canada, where 38%
believed that cultivated meat would not have the same flavor as conventional meat,
while 30% stated that it would have the same taste (Ruzgys & Pickering, 2020).
Although the flavor and texture of cultivated meat are unknown in Brazil and most
people in the world, this does not prevent many people from wanting to eat it, with
curiosity been a driving force according to our results.

Animal welfare issues are important motivations for the interest in consuming
cultivated meat, with people from Sao Paulo showing a more positive outlook on this
relationship. The problems related to animal suffering in intensive production systems
were exposed for the first time in 1964, with the publication of the book Animal
Machines (Harrison, 1964). The welfare of animals raised in industrialized intensive
farming and the naturalization of their slaughter are the main problems cited by
Brazilians (Biscarra-Bellio et al., 2023; Valente et al., 2019; Heidemann et al., 2020;
Marques & Mauad et al., 2022). Thus, cultivated meat emerges as an alternative for
meat production without animal suffering and slaughter.

Human health was frequently mentioned as a justification for the desire to eat
cultivated meat. Nonetheless, many respondents believed that conventional meat
had a more positive relationship with human health than cultivated meat, mainly
those who had never heard about cultivated meat. As an important source of protein
and other nutrients, meat is understood as a driver for global human health (Geiker et
al., 2021; Leroy et al., 2023). On the other hand, meat consumption is related to
human health issues such as colon cancer (Domingo & Nadal, 2017), as well as
cardiovascular diseases and type 2 diabetes (Qian et al., 2020). Thus, the conflicting
opinions registered by respondents seem to parallel scientific literature (Verbeke et
al., 2015; Onwezen et al., 2021). In terms of nutritional value, cultivated meat has the
potential to be superior to conventional meat, as its production allows for modifying
the nutrient content, for instance, controlling the fat content and optimizing it with
omega-3 fatty acids (Chriki & Hocquette, 2020), in addition to having advantages
such as the possibility of increasing its biological value by adding various vitamins,

trace elements, amino acids, unsaturated fatty acids, and the fact that it cannot be a



51

source of helminthes (Nobre, 2022; Bhat et al., 2022) or many of the pathogens
which may be present in conventional meat settings. It is important to highlight that
cultivated and conventional meat are essentially the same product, differing
principally in their methods of production. Therefore, some nutritional characteristics
that impact human health, whether positive or negative, will be common to both types
of meat.

The environment was less frequently observed in our data as a reason for
consuming cultivated meat. However, people believed that the relationship between
cultivated meat and the environment is more positive than that of conventional meat,
a perception that is especially evident among the inhabitants of Sdo Paulo. Despite
the importance of protecting the environment, studies have shown that a minority of
consumers are aware of the environmental impact of conventional meat (Hartmann &
Siegrist, 2017). Since animal production contributes to global environmental
degradation, one approach is to decrease meat consumption (Sanchez-Sabate et al.,
2019), substituting it for meat analogues (Michell et al., 2021). Cultivated meat is
frequently presented as environmentally sounder. Compared to conventional meat
production, cultivated meat is associated with approximately 7—45% less energy, 78—
96% lower greenhouse gas emissions, 99% lower land use, and 82-96% lower water
use, depending on the product compared (Tuomisto & de Mattos, 2011; Tuomisto et
al., 2014; Begho & Zhu, 2023). Therefore, relatively high industrial energy demand
has been estimated for cultivated meat (Tuomisto et al., 2024). Providing information
about environmental benefits may increase the number of consumers in the market
for cultivated meat (Tsavkirai et al., 2023). A barrier to this logic is that; however, for
consumers to understand the environmental benefits of cultivated meat, more
transparency on the environmental problems of conventional meat is required,;
however, such transparency is lacking and difficult to achieve (Hannan, 2020).
However, all these data are estimates, as there is currently no large-scale global
production of cultivated meat.

Respondents who consume meat more frequently, younger individuals, men,
those with higher educational levels, and those with higher incomes have shown a
more positive opinion towards cultivated meat. However, it seems difficult to predict
which food protein items will be in higher demand in the next decades (Biscarra-
Bellio et al., 2023). Cultivated meat is more attractive to young people in Brazil (Chriki

et al., 2021), which may be related to the fact that consumers who are younger, with
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higher level of education, wealthier, and politically progressive leaning are generally
found to hold more positive views towards adopting novel food technologies
(Cattaneo et al., 2019; Onwezen et al., 2021). At the same time, people who follow
an omnivorous diet showed a strong intention to adopt alternative proteins,
considering them as complementary to their regular diet (Abebe et al., 2024). Such
positive opinions may be considered a starting point for the new food industry to
design novel strategies of products in the perspective of the circular economy. These
markers can contribute to the creation of an ecosystem that encompasses the social
groups where people sympathetic to cultivated meat are found. Thus, marketing
strategies can be targeted at this audience, as well as developing tactics to reach
those who initially do not appear as enthusiasts of the new food systems.

Neophobia, the perception of artificiality, and lack of familiarity with the product
were reasons commonly mentioned for rejecting the consumption of cultivated meat.
The level of food neophobia, a predictor of acceptance, is related to social
conservatism towards the disruptive food products (Tomiyama et al., 2020; Siegrist et
al., 2020). Furthermore, when consumers perceive food technology as unnatural,
they are more likely to believe the technology is risky and are less prone to accept
any potential benefits the technology may have (Weinrich et al., 2020; Ruzgys &
Pickering, 2020; Begho & Zhu, 2023). Indeed, awareness of alternative protein
sources is a psychological capability critical to shifting preferences away from meat.
Having little or no awareness of alternative proteins is a significant barrier to
consumption (Nguyen et al.,, 2021). Democratizing access to information for
unilingual populations requires efforts regarding the continuous offering of cultivated
food terminology in local languages (Garbin et al., 2024), especially given that the
use of English terms may heighten perceptions of unfamiliarity among non-English
speakers regarding cellular agriculture. The importance of increasing the use of local
language is recognized, with translated terminology making access to new products
and production systems more available to residents who do not speak foreign
languages (Onwezen et al., 2021). Decreasing conventional meat attachment and
food neophobia, as well as increasing familiarity with and knowledge of the new food
products, are important challenges to be overcome (van Dijk et al., 2023). As
cultivated meat has been perceived as having high degree of unnaturalness,
communications and marketing of cultivated products should strive to portray

cultivated meat in a more natural and favorable light (Siddiqui et al., 2022b).
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Educating society has always proved to be effective in overcoming psychological
hindrance; therefore, communication channels need to be better exploited (Siegrist &
Hartmann, 2020). Consumers should be encouraged to become more familiar with
the product, so they can reflect upon it with knowledge. One method of doing this is
to use terminology and product labeling of a less technical nature (Siddiqui et al.,
2022c). As cultivated meat becomes more prevalent in the daily lives of consumers,
the perception of fear and artificiality regarding the product may decrease.

Conventional meat production is well established, while cultivated meat
represents a disruptive innovation not yet in the market. As new technologies for
alternative proteins, like cultivated meat, are expected to emerge soon (Morais-da-
Silva et al., 2022), replacing conventional meat may become easier, less taboo and
even a social differentiation marker (Hocquette, 2023). The individual transition may
be in the form of a partial replacement of conventional meat, as seen in flexitarian
diets (Teixeira et al., 2024). However, the dominant conventional meat-centered
culture tends to remain (Dagevos & Verbeke, 2022). Our findings highlight the need
for strategies to improve knowledge about cultivated meat, requiring tailored planning
based on regional characteristics, even within the same country.

Some potential biases and limitations may have influenced the results of this
work. The sampling, while extensive in two large Brazilian cities, may not fully
represent the general population. The online questionnaire may have attracted more
participants with internet access and familiarity with or at least curiosity about
cultivated meat. In addition, the reliance on limited respondent stratification may
relate to subgroups of the population not being represented in our survey, which
requires caution in making inferences for the specific cities studied and even more so
for the country in general. The limited number of questions in the survey, especially
open-ended questions, is also a limitation, which combined with the need for
extracting key words may result in an oversimplification of respondent views. The
self-reported data may exhibit social desirability bias, where respondents provide
answers that they consider socially acceptable, susceptible to personal
interpretations and selective memory (Regmi et al., 2016; Ball, 2019). Additionally,
the lack of prior knowledge about cultivated meat intrinsically limited the strength of
rationales supporting the responses regarding the perceptions of its potential impacts
regarding the environment, human health, and animal welfare. An additional intrinsic

issue relates to the dynamic character of the acceptance of cultivated meat, even
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more marked as our results show the significance of knowledge and familiarity, both
of which tend to increase with time. This means that the picture our data set shows is
best understood as historical than as descriptive of today’s scenario. These
limitations underscore the complexities of gathering data and interpreting public

opinion on cultivated meat, also exposing the need for continued research.

3.5 CONCLUSION

The acceptance of cultivated meat varies significantly across Brazil, likely due
to the country’s continental size, economic disparity, and rich cultural diversity. This
variation suggests that the dissemination of knowledge about cultivated meat may
encounter barriers related to regional public understanding, accessibility, and
preferences. Our results have direct implications, as they make such challenges
evident, and expose the need to considerate regional identities when promoting
cultivated meat, as resistance may stem from unfamiliarity or concerns about
changes to food traditions. It remains to be studied whether variations emerge in
countries with different geographical, demographic and cultural profiles.

Our findings highlight the importance of regional considerations not only for
academic research but also for practical applications in public policy, industry
practices, and consumer education initiatives. The efficiency of public policies will
benefit from targeted educational initiatives that address the specific concerns of
different regions, while industry practitioners might adjust their outreach strategies to
be more culturally sensitive. In addition, collaborating with local institutions is likely to
foster a more productive approach to introducing cultivated meat.

Future studies are warranted to explore the influence of different demographic
factors on acceptance, assess the efficacy of targeted educational strategies in
enlightening perceptions, and track opinion shifts over time as knowledge and
availability of cultivated meat increase. Such research will be invaluable in fostering
public understanding, addressing misconceptions, supporting public policies and
facilitating informed decision-making regarding cultivated meat and other alternative

proteins.
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4 SHOULD CELLULAR AGRICULTURE BE TAUGHT IN UNDERGRADUATE
PROGRAMS IN BRAZIL?

ABSTRACT

The development of alternative protein production requires careful planning, with
education playing a crucial role in creating new job opportunities and accomplishing
the potential of cellular agriculture to meet various socioeconomic, environmental and
ethical goals. This field encompasses biological disciplines, including cell cultivation,
fermentation and molecular biology, as well as knowledge in broader social and
environmental sciences. To prepare future professionals in this area, education and
training programs must integrate expertise from such diverse fields. This study
sought to understand the intention to learn about cellular agriculture among Brazilian
professionals and undergraduate students. An online questionnaire was distributed
from February 2022 to February 2023, receiving responses from 382 participants,
including those from agrarian sciences and other fields. Of the respondents, 281
(73.6%) expressed a desire to learn about cellular agriculture, motivated by the
benefits of cultivated meat and the opportunity to access state-of-the-art knowledge
related to the innovative nature of the field. Interest was particularly notable among
those in the agrarian sciences, who viewed this area as a promising entry into an
emerging job market. Among the participants, 305 (79.8%) had heard of cultivated
meat, 290 (75.9%) were interested in trying it, and 141 (36.9%) felt that consuming
this type of food would impact their personal life. Notably, 43 (18.9%) indicated a
willingness to switch to an exclusive consumption of cultivated meat. The study
highlights interest in cellular agriculture, reflecting its perceived innovation and
benefits, and signaling a demand for deeper understanding and job opportunities in
the field.

Keywords: Cellular animal science. Education. Opinion. Learning.

4.1 INTRODUCTION

Concerns about the ethics and environmental consequences of conventional
meat consumption have led to a rapid expansion in the development of alternatives
(Godfray et al., 2018). Protein diversification appears promising for sustainability
since there is a potential to significantly benefit the environment (Poore and
Nemecek, 2018). Although cultivated meat production has a relatively high industrial
energy demand, it requires considerably less land than conventional meat
production. The climate impacts of cultivated meat vary depending on the energy
source used, and it also demonstrates lower water consumption. However, achieving
the sustainable development goals by 2030 may still be challenging (Tuomisto and

Ryynanen, 2024). Furthermore, alternative proteins seem to address public health,
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food safety, and animal welfare issues; however, they still need to navigate several
pathways to become a reality (van der Weele et al., 2019; Nobre, 2022).

The term alternative protein encompasses food products developed as
analogues or actual cell-based animal products which do not involve conventional
systems of raising and killing animals to produce meat, eggs, milk, and all their
processed forms. As such, alternative proteins are produced with a variety of
methods, which can be summarized into three main categories: plant-based meat,
milk, and egg analogues; fermentation products including animal proteins produced
via precision fermentation; and cultivated products, which are real animal products
resulting from original animal cells multiplied ex vivo, i.e., out of animal bodies
(Soccol et al., 2024). There are reasons to believe such production means may
become mainstream, e.g. according to Tubb and Seba (2020), we are going through
the second domestication, the domestication of microorganisms and animal cells for
the production of food, with exponentially higher possibilities for productivity.

Brazil is the largest exporter of beef meat and the second largest producer of
meat in the world (Economic Research Service, 2021), comparably relevant also for
poultry and pork markets. According to Morais-da-Silva et al. (2022a), the
introduction of alternative protein products in Brazil requires planning to maximize the
benefits and mitigate the disadvantages for the country’s development. Within such
planning, investment in training and development of people seems essential to create
new employment opportunities (Heidemann et al., 2020b; Morais-da-Silva et
al.,2022b).In this sense, fifteen actions have been classified within three main
domains: societal dialogue, changes in policies and regulations, and the design of
market initiatives (Biscarra-Bellio et al., 2023). Among these actions, supporting
education and dialogue among universities seems necessary for people to find new
job opportunities within alternative protein production chains, since cellular agriculture
has vast potential to promote various socioeconomic goals (Marques et al., 2024;
Mugabe et al., 2024).

Cellular agriculture not only enables the production and access to proteins in
diverse locations and environments but also stimulates economic development and
job creation (Stephens et al.,, 2018). Thus, this innovative approach to food
production may become a key piece in building a more sustainable and inclusive
food system. As with any field, providing training through diverse educational

initiatives enhances skills development. Such achievement benefits from actively
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involving students in learning programs focused on agricultural technology and
innovation (Newell and Glaros, 2024). Although the science of producing cultivated
meat on a large scale is under development, it seems already relevant to consider
how education can enhance job opportunities, given that positions in the cultivated
meat sector require a higher level of education and skills for production (Spiros et al.,
2023).

According to Stout et al. (2024), dedicated education and training programs for
building the future cellular agriculture workforce will need to draw on expertise from
various fields. The topic of alternative proteins has been advancing significantly in the
industry and the media, but it remains an emerging topic in academia and the field
may greatly benefit from an impulse in academic research and in specific
professional training (GFI, 2022). For this to materialize, initiatives within Universities
are required, hence universities are central players and important actors for
economic development, and their contributions towards sustainability efforts at the
local level may be substantial. However, there is a need for a better understanding of
the potential role that universities can play in addressing global challenges (Leal
Filho et al., 2019). One aspect that collaborates with the efficiency of academic
achievements is a match between initiatives by universities and students interests.

Although students in higher education tend to value innovation (Stout et al.,
2024), their stance regarding the new food protein production chains is yet to be
understood, especially when considering relevant differences which may exist when
comparing the various related fields of knowledge and initial reaction to alternative
proteins. This study aimed to understand the intention to learn about cellular

agriculture by Brazilian professionals and students.

4.2 MATERIAL AND METHODS

An online questionnaire with 10 questions (Table 1) was made available from
February 2022 to February 2023. The sociodemographic data (questions 1 to 4)
collected information on age, city, professional activity, and, if applicable, the
respondents’ undergraduate program. Questions 5 to 9 were multiple-choice, with
questions 6 to 9 also requiring justifications. Question 10 was open-ended and non-

compulsory.
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TABLE 1. QUESTIONNAIRE AVAILABLE ONLINE FROM FEBRUARY 2022 TO
FEBRUARY 2023.

Number Question Answers

1. How old are you? open-ended compulsory
2. Where do you reside? (City/state) open-ended compulsory
3. What is your occupation? open-ended compulsory
4, If you are currently pursuing an open-ended compulsory

undergraduate degree, what is your major?

5. Have you ever heard about cultivated meat?  yes/no compulsory
6. Would you be interested in learning about yes/no compulsory
this technology? Please justify your
response.
7. Do you believe this new technology could yes/no/maybe compulsory

impact your professional success in your
current field? Please justify your response.

Would you be open to trying cultivated meat  yes/no/maybe compulsory
8. if you knew its origin and quality of
preparation? Please justify your response.

9. Do you think consuming this type of food yes/no/maybe compulsory
would affect any aspect of your personal
life? Please justify your response.

10. What are your opinions on cultivated meat? open-ended non-compulsory

The justifications for questions 6 to 9 and the responses to the open-ended
question 10 were analyzed by two researchers, who individually synthesized the
responses into preliminary central ideas using the Collective Subject Discourse
(CSD) method (Duarte et al., 2009). The results of the individual analyses conducted
by the two researchers were then combined to define the final central ideas. The
results were presented in the form of an info graphic for question 7 and as a word
cloud for questions 9 and 10. The results for questions 5 to 10, presented as

absolute numbers and percentages tables.

4.3 RESULTS

Our results come from 382 participants from various regions of Brazil, with 204
(53.4%) aged between 18 and 29, 124 (32.5%) between 30 and 49, and 54 (14.1%)
over 50 years-old. Of the respondents, 263 (68.8%) were from the State of Parana,

with 241 (63.1%) from the city of Curitiba, capital of the State, and its metropolitan
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region, and with 40 (10.4%) from Minas Gerais and 19 (4.97%) from S&o Paulo. The
remaining 39 (10.2%) were grouped due to the low representation of each region.
Concerning their occupation, 76 (19.9%) respondents were working in agrarian
sciences, including 63 veterinarians, nine animal scientists, and four agronomists.
Around a third of total respondents (125, 32.7%) were involved in other fields; they
were grouped due to the low representation of each one of 30 other cited fields. In
addition, there were 186 (48.7%) undergraduate students, with 138 (74.2%) within
the agrarian sciences (130 in veterinary medicine and eight in animal science
programs) and 48 (25.8%) within other areas. Thus, respondents were grouped into
four categories: professionals in agrarian sciences, other professionals,
undergraduate students in agrarian sciences, and other undergraduate students.
There were five respondents who were simultaneously professionals and
undergraduate students.

When asked if they had heard about cultivated meat, 305 (79.8%) of the total
respondents answered yes, and 77 (20.2%) answered no. Considering the different
categories, among professionals in agrarian sciences, 68 (89.5%) answered yes;
among those from other fields, 85 (68.0%) answered yes; among undergraduate
students in agrarian sciences, 123 (89.1%) answered yes; finally, among
undergraduate students in other areas, 32 (66.7%) answered yes (Table 2).

From all respondents, 281 (73.6%) answered that they would like to learn
about cellular agricultureand200 (71.2%) provided justifications for their answers. The
main ideas in the justifications were grouped into four themes: i) benefits, with
phrases such as “it is a technology that may reduce the number of animals raised for
meat production”, “this technology produces meat without the slaughter of animals”
and “it will bring benefits to society”; ii) knowledge, with phrases such as “acquire

[ ] L ]

knowledge about this new area”, “knowledge is never in excess”, “to form an opinion

about cultivated meat”, and ‘it is important to be informed”; iii) innovation, with
phrases such as “curricular bases should follow innovations”, “innovation drives the
world”, and ‘it is important to understand innovations thoroughly to apply them
safely”; iv) opportunity, with phrases such as ‘it is important to have a competitive
edge in the job market to work where there are few professionals”, and “it has
significant potential for professional activity, because it is a field with vast growth

potential (Figure 1). All responses are presented in Table 2.
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FIGURE 1. GENERAL AND GROUP PERCENTAGE RESPONSES BY 382
PARTICIPANTS REGARDING INTEREST IN LEARNING ABOUT CELLULAR
AGRICULTURE (A); PARTICIPANTS WHO PROVIDED A JUSTIFICATION TO
THEIR ANSWERS (B); REASONS TO LEARN ABOUT CELLULAR
AGRICULTURE (C), FROM FEBRUARY 2022 TO FEBRUARY 2023.

When asked if this new technology would interfere with their professional
success, 51 (13.4%) of the total respondents answered yes, 254 (66.5%) answered
no, and77 (20.1%) answered maybe. Of the total, 180 (47.1%) respondents provided
justifications. The main ideas in the justifications for responses were grouped into i)
ignorance, with phrases such as “l do not know how to comment on it”, “| cannot be
certain about the answer”, and “I am unfamiliar with it”; ii) disinterest, with phrases
such as ‘it is outside my field of expertise”, “I do not need it to perform my
professional activities”, and “I do not work in that area”; iii) neophobia, with phrases
such as “the production sector is at risk, many people could lose their income”, and “it
is going to limit the activities of various professionals”; iv) opportunities, with phrases
such as “it could create job opportunities”, and “I believe it is a great opportunity for
my professional success, potentially opening new avenues for success”. The
percentages for the responses are shown in Table 2.

When asked if they would be open to try cultivated meat, provided the origin
and quality of its preparation were known, 290 (75.9%) respondents answered yes,
33 (8.6%) no and 59 (15.5%) maybe; in addition, 295 (77.2%) provided justifications
for their answers. The main ideas in the justifications for responses were grouped
into i) alternative, with phrases such as “| believe it will be an alternative to traditional
meat consumption”; ii) animal welfare, with phrases such as “l would love to be able
to consume meat without it involving the death of animals”; iii) knowledge, with
phrases such as “to know in order to form an opinion”;iv) disinterest, with phrases

such as “l would not go back to eating meat”; v) doubts, with phrases as “I do not
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know”; vi) innovation, with phrases such as “I am in favor of new technologies”; v)
environmental, with phrases such as “to continue consuming animal protein in a
sustainable way”; vi) neophobia, with phrases such as “l am somewhat
apprehensive, everything new brings some hesitation”; vii) health, with phrases such
as “l believe it would not harm my health”; viii) food security, with phrases such as “it
could potentially be a solution to food scarcity”. The percentages of the responses
are shown in Table 2.

From all respondents, 141 (36.9%) answered that consuming this type of food
would affect some aspect of their personal lives, 135 (35.3%) answered that it would
not and 106 (27.8%) answered maybe; 227 (59.4%) provided justifications. Among
the justifications there were i) cultivatism, with phrases such as “l| would prefer to eat
cultivated meat rather than meat from slaughtered animals”; ii) disinterest, with
phrases such as “| am vegetarian” and “I am vegan”; iii) alternative, with phrases
such as “my family members still consume meat from slaughter and it would be an
alternative to them”; iv) animal welfare, with phrases such as “it would reduce animal
exploitation”; v) cost, with phrases such as “high cost”; vi) doubt, with phrases such
as “l am in doubt”; and vii) health, with phrases such as “better nutritional qualities”

(Figure 2). The percentages of the responses are shown in Table 2.
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FIGURE 2. WORDS REPRESENTING THE IDEAS EXPRESSED BY 227
RESPONDENTS OF AN ONLINE QUESTIONNAIRE CONDUCTED
BETWEEN FEBRUARY 2022 AND FEBRUARY 2023, WHO JUSTIFIED
THEIR RESPONSES ABOUT HOW CELLULAR AGRICULTURE WOULD
AFFECT THEIR PERSONAL LIVES (A); WORDS REPRESENTING THE
IDEAS EXPRESSED BY 38 PROFESSIONALS IN AGRARIAN SCIENCES
(B), 71 PROFESSIONALS IN OTHER FIELDS (C), 90 UNDERGRADUATE
STUDENTS IN AGRARIAN SCIENCES (D), AND 28 STUDENTS IN OTHER
FIELDS (E).
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When asked about the personal opinions on cultivated meat, 317 (82.9%)
respondents expressed their views, and the main ideas in the responses were: i)
animal welfare, with phrases such as “it would be interesting to reduce animal
suffering”; ii) nice, with phrases such as “It is cool”, and “| am optimistic”; iii) one
welfare, with phrases such as “a new opportunity to protect the planet, animals, and
humans” and “reduction of environmental impacts in the world”; iv) unfamiliarity, with
phrases such as “I do not know”; v) doubt, with phrases such as “maybe, | am not
sure yet”; vi) innovation, with phrases such as “I believe it is an innovative technology
that will bring significant advancements in various fields”; vii) unnecessary, with
phrases such as ‘I think it is unnecessary”; viii) neophobia, with phrases such as ‘I
find it strange”, and “I find it repulsive”; ix) food security, with phrases such as “it is an
option since the demand for food is increasing” and x)environment, with phrases
such as “important step for the environment” (Figure 3). The percentages of the

responses are shown in Table 2.
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FIGURE 3. WORDS REPRESENTING THE IDEAS EXPRESSED BY 317
RESPONDENTS OF AN ONLINE QUESTIONNAIRE CONDUCTED BETWEEN
FEBRUARY 2022 AND FEBRUARY 2023, WHO ISSUED THEIR OPINIONS
ABOUT CULTIVATED MEAT (A); 62 PROFESSIONALS IN AGRARIAN
SCIENCES (B), 100 PROFESSIONALS IN OTHER FIELDS (C), 117
UNDERGRADUATE STUDENTS IN AGRARIAN SCIENCES (D), AND 39
STUDENTS IN OTHER FIELDS (E).

TABLE 2. FULL DATASET WITH THE PARTICIPATION OF RESPONDENTS FROM
AN ONLINE QUESTIONNAIRE AVAILABLE FROM FEBRUARY 2022 TO
FEBRUARY 2023, IN BRAZIL.



Question Answers Groups of respondents
Professionals Undergraduate Undergraduate
R Other students
General Agrarian . . students other
Sciences professionals Agrarian areas
Sciences
5 Ves 305 68 85 123 32
(79.8%)  (89.5%) (68.0%) (89.1%) (66.7%)
77 8 40 15 16
No (20.2%)  (10.5%) (32.0%) (10.9%) (33.3%)
6 Yes 290 60 80 115 38
(75.9%)  (78.9%) (64%) (83.3%) (79.2%)
No 33 6 16 7 4
(8.6%) (7.9%) (12.8%) (5.1%) (8.3%)
59 10 29 16 6
Maybe  (1550)  (13.2%) (23.2%) (11.6%) (12.5%)
Justified 295 59 93 13 32
(77.2%)  (77.6%) (74.4%) (81.9%) (66.7%)
Justifications
) 37 5 12 16 1
Alternative 15 50,)  (8.5%) (12.9%) (14.2%) (12.5%)
Animal 27 5 5 12 5
welfare (9.2%) (8.5%) (5.4%) (10.6%) (15.6%)
To know 116 27 32 4 10
(39.3%)  (45.7%) (34.4%) (42.5%) (31.3%)
Disinterest 30 o 1 10 4
(10.2%) (8.5%) (11.8%) (8.8%) (12.5%)
26 4 14 5 3
Doubts (8.8%) (6.8%) (15.1%) (4.4%) (9.4%)
Innovation 29 4 10 i 4
(9.8%) (6.8%) (10.8%) (9.7%) (12.5%)
) 6 2 2 2 1
Environmental  , 5, \ (3.4%) (2.1%) (1.8%) (3.6%)
Neophobia 12 4 4 - 2
4.1%) (6.8%) (4.3%) (6.2%)
9 3 2
Health (3.1%) (5.0%) (2.1%) 3(2.7%) -
Food ) ) 1 2 _
security (1.1%) (1.8%)
7 281 68 60 127 30
Yes (73.6%)  (89.5%) (48.0%) (92.0%) (62.5%)
101 8 65 1 18
No (26.4%)  (10.5%) (52.0%) (8.0%) (37.5%)
Justified 200 38 39 103 21
(71.2%)  (55.9%) (65%) (81.1%) (70.0%)
Justifications
) 18 2 24 8 3
Benefits 9 .0%) (5.3%) (61.6%) (7.8%) (14.3%)
Knowledae 95 17 24 43 12
98 47.5%)  (44.7%) (61.6%) (41.7%) (57.1%)
Innovation 27 5 5 17 -
(13.5%)  (13.2%) (12.8%) (16.5%)
Opportunities 60 14 5 35 6
(30.0%)  (36.8%) (12.8%) (34%) (28.6%)
8 51 24 31 66 20
Yes (13.4%) (31.6%) (24.8%) (47.8%) (41.7%)
254 28 51 49 9
No (66.5%)  (36.8%) (40.8%) (35.5%) (18.7%)
77 24 43 23 19
Maybe (20.1%)  (31.6%) (34.4%) (16.7%) (39.6%)
i 180 37 66 52 25
Justified 750 (48.7%) (52.8%) (37.7%) (52.1%)
Justifications
12 1 5 5 1
lgnorance 5 79, (2.7%) (7.6%) (9.6%) (4.0%)
. 105 18 47 24 16
Disinterest g 39,)  (48.7%) (71.2%) (46.2%) (64.0%)
. 8 4 4
Neophobia 4 400)  (10.8%) - (7.7%) -
" 55 14 14 19 18
Opportunities 5 5o/ \ (37.8%) (21.2%) (36.5%) (32.0%)
9 Yes 141 24 31 66 20
(36.9%)  (31.6%) (24.8%) (47.8%) (41.7%)
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No 135 28 51 49 9
(35.3%)  (36.8%) (40.8%) (35.5%) (18.8%)
106 24 43 23 19
Maybe (27.8%)  (31.6%) (34.4%) (16.7%) (39.5%)
" 227 38 71 90 28
Justified (59.4%) (50.0%) (56.8%) (65.2%) (58.3%)
Justifications
- 43 5 10 22 6
Cultivatism  (18.9%)  (13.2%) (14.1%) (24.4%) (21.4%)
Disinterest 380 30 160 140 3 o
(16.7%) (7.9%) (22.5%) (17.8%) (10.7%)
Alternative 3‘: 30 7o 200 . 9
(15%) (7.9%) (9.7%) (22.2%) (14.3%)
Animal 26 6 6 11 3
welfare  (11.5%)  (15.8%) (8.5%) (12.2%) (10.7%)
22 8 6 8
Costs 9.7%)  (21.1%) (8.5%) (8.9%) )
18 4 6 4 4
Doubts  (79%)  (105%) (8.5%) (4.4%) (14.3%)
I 15 3 10 2
Unfamiliarity & 604 (7.9%) (14.1%) - (7.1%)
13 1 6 1 5
Health (5.7%) (2.6%) (8.5%) (1.1%) (17.9%)
Culture 70 10 - 60 -
(3.1%) (2.6%) (6.7%)
. 7 4 2 1
Environment (3.1%) (10.5%) (2.8%) B (3.6%)
Personal 4 ) 2 2 _
values (1.8%) (2.8%) (2.2%)
10 Answered 317 62 100 117 39
(83.0%)  (81.6%) 80.0 (%) 84.8 (%) (79.6%)
Opinions
Animal 78 7 17 4 10
welfare  (24.6%)  (11.3%) (17.0%) (37.6%) (25.6%)
54 10 11 26 7
Onewelfare  170%)  (16.1%) (11.0%) (22.2%) (17.9%)
) 67 17 19 23 8
Nice @11%)  (27.4%) (19.0%) (19.7%) (20.5%)
I 47 10 28 6 3
Unfamiliarity 14 8%)  (16.1%) (28.0%) (5.1%) (7.7%)
40 8 11 12 9
Doubt (12.6%)  (12.9%) (11.0%) (10.3%) (23.1%)
Innovation 2%, 60 50 170 20
(9.1%) (9.7%) (5.0%) (14.5%) (5.1%)
. 10 2 4 2 2
Neophobia (3.2%) (3.2%) (4.0%) (1.7%) (5.1%)
Food 6 0 2 4 0
security (1.9%) (0.0%) (2.0%) (3.4%) (0.0%)
1 3 6 2 0
Unnecessary (3.5%) (4.8%) (6.0%) (1.7%) (0.0%)

4.4 DISCUSSION

Our results indicate that a relevant percentage of students and professionals
are familiar with cultivated meat, particularly those in agrarian sciences. Knowledge
about cultivated meat in Brazil has been studied before, with variable results. Valente
et al. (2019) described a knowledge rate of 81.9% among 626 respondents from
Southern region of Brazil and Biscarra-Bellio and Mendes (submitted) described a
knowledge rate of 38.3% among809 respondents from Southeast and Northeast
regions of Brazil. Beyond the cultural diversity among these Brazilian regions, there

was also a factor of participants educational levels, who\ich were higher for Valente
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et al. (2019). Heidemann et al. (2020b), observed resistance to cultivated meat from
veterinarians (76.8%; 209/272) and animal scientists (23.2%; 63/272), primarily due
to a lack of knowledge. Lack of familiarity is known to be a significant factor
correlated with resistance, including the idea that as contact with cultivated meat
increases the more normal it becomes (van der Weele and Driessen, 2019).

The importance of promoting the dissemination of the new technologies as
well as opportunities for professional knowledge and increasing engagement with it
was restated by the views of the majority of our participants. The task is then
establishing initiatives to move in the direction of such goals. According to Biscarra-
Bellio and Mendes et al. (in preparation), some academic initiatives, such as
extension projects, are reaching external audiences to present alternative proteins in
Brazil. The "Bife Sem Bicho" (Animal-free Steak) extension project at the Federal
University of Parana, running from December 2023 to August 2024, has reached
2.800 people through social media posts about cellular agriculture on Instagram, and
the podcast videos on Youtube have received 585 views. Additionally, in Brazil, there
are five groups of undergraduate and postgraduate students from Federal University
of Parana (UFPR), State University of Campinas (UNICAMP), Federal University of
Minas Gerais (UFMG), Federal University of Santa Catarina (UFSC), and Sao Paulo
State University (UNESP) participating in The Good Food Institute Alternative Protein
Project, a global student movement dedicated to turning universities into engines for
alternative protein education, research, and innovation, which aims to provide
information about alternative proteins to diverse audiences (GFI 2024). Although
some initiatives involving academia may reach the general public, more
communication channels are required to provide not only scientific news but also
general updates on the topic. Independent initiatives do not seem to be sufficient to
attain the educational goals in a robust manner, and the relevance of public policies
has been highlighted (Herrero et al., 2020; Marques et al., 2024).

Participants expressed an interest in learning about cellular agriculture, driven
by the benefits of cultivated meat and its production for the animals, the environment,
and human health, as well as the opportunity to acquire knowledge in this innovative
field. Notably, students showed more interest than professionals, with many
individuals within agrarian sciences viewing this area as a chance to engage in the

emerging job market. Conversely, individuals from various fields expressed a lack of



73

interest in pursuing a career in this domain, citing concerns about job loss and feeling
inadequately informed about the topic. In the first analysis of the perceptions of
veterinarians and animal scientists regarding cultivated meat in Brazil, Heidemann et
al. (2020b) observed resistance due to the perceived artificiality and sensory
characteristics of cultivated meat. The perceived artificiality maybe mitigated with
more awareness through discussions on this subject (Bryant and Barnett, 2018),
which sums to the importance of educational efforts.

Cellular agriculture lies at the intersection of bioengineering, food science,
nutrition science, agricultural science, food policy, and consumer psychology, and
thus the variation of views across participants from different fields is relevant. Our
results bring a hint that such variation may be significant, within a context which is
building up in the literature. Brazilian experts identified the field of veterinary and
animal sciences as a promising profession in the initial stage of cultivated meat
development, and that there is potential for cultivated meat production to create new
and higher-skilled jobs for these professionals, since they have knowledge in animal
health, genetics, nutrition, meat inspection and meat quality (Heidemann et al.,
2020b; Biscarra-Bellio e Paolini et al., submitted); however, experts from other
countries did not mention these fields (Morais-da-Silva et al., 2022b).This issue
seems to require further attention, considering that resistance against the
development of cellular agriculture may build up commonly stemming from those in
the first part of the food production chain, due to a perception of potential loss.
According to Morais-da-Silva et al. (2022a), professionals who already work in the
food production chain may be relocated to other positions and areas within the new
production systems (Morais-da-Silva et al., 2022a). According to Bogueva and
Marques et al. (2023), knowledge about new products and their distribution chains is
essential for the actors to engage in diversification that may allow for participation in
the new systems. Moreover, since the technology is currently under development,
completely new roles may emerge as the new chain matures (Heidemann et al.,
2020b). The complex relationship between perceptions and level of familiarity and
knowledge on one side, and stances that those involved may assume can be
determinant of the future of alternative protein chains and warrants research and

policy initiatives.
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The understanding of a demand for learning about cellular agriculture provided
by our results leads to questions about the offering of educational opportunities. The
availability of courses in cellular agriculture remains scarce, with some countries
showing first initiatives. For instance, in the United States there is The Cellular
Agriculture & Bio Fabricated Foods, organized by Tufts University and The University
of North Carolina (UNC), developed in partnership with students from the Chapel Hill
Alt Protein Project, a student organization developed with support from the Good
Food Institute (GFl); in Singapore, the Nanyang Technological University (NTU)
offers the undergraduate course Future Foods: Introduction to Advanced Meat
Alternatives; in the Netherlands, a proposal led by Wageningen University &
Research, in collaboration with Maastricht University and Delft University of
Technology, has been put forward to develop three courses about precision
fermentation, cultured meat, and the societal and sustainability aspects of cellular
agriculture; in lIsrael, Technion (lIsrael Institute of Technology) announced the
establishment of the Sustainable Protein Research Center; in Canada, The Cellular
Agriculture Institute in the University of Alberta and the University of the Fraser Valley
have recent initiatives around training.

In Brazil, some educational initiatives have also been taken. The Federal
University of Parana offered five editions of the Introduction to Cellular Animal
Sciences course, in both graduate and postgraduate programs since 2020. The
Federal University of Minas Gerais, where a prototype of cultivated meat has been
presented in 2023, offers the course Cellular Agriculture with a Focus on Cultivated
Meat for students of the Biological Sciences program. The State University of
Campinas offers the course Alternative Proteins: Made from Plants, Fermentation,
and Cultivated Meat within the graduate program of the Food Engineering Faculty.
Additional initiatives around training have been led in Brazil by the GFI. For instance,
the GFI offers an open-access online course. The Science of Alternative Proteins,
and provides the syllabi for courses on Alternative Proteins available in the resources
section of their website (GFI, 2022). Thus, there are increasing opportunities to learn
about cellular agriculture in Brazil, including formal initiatives that can evolve to
contribute to fulfilling the demand for new professionals in the nascent alternative
protein industry; however, it is likely that a more concerted effort involving

educational policies will be required considering the type of production ecosystem
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which needs to be developed if cellular agriculture production chains are to be
satisfactorily established. In this sense, a more integrated training approach can be
suggested, and an initial structure may already be underway. According to
Biscarra-Bellio and Paolini (submitted), there are mandatory courses in veterinary
medicine, animal science, bioengineering and food engineering programs that,
despite their current focus on conventional animal protein topics, can be adapted to
relate to different stages of the cultivated meat chain. Additionally, there are courses
in some programs that have more specific content directly related to the new
technology of cultivated meat production, which can serve as an inspiration for
creating new courses to be implemented in the curricula of all interested programs.

Our results show that the recognition of the roles of some professionals may
be increasing with the advancement of cellular agriculture in the country, which is in
agreement with Reis et al. (2020).However, some negative attitudes may be related
to the fact that cultivated meat is a novel food not yet available for consumption in
Brazil (Wilks et al., 2019). As the field of alternative proteins becomes more well-
known, the intention to learn and enter this new market is likely to increase even
further, and those with early access to educational initiatives tend to be favored.

The low qualification of labor in the first stages of the animal production chain,
i.e. on-farm animal raising activities, may pose a significant social problem if there is
a profound change in the meat production chain in Brazil or a significant global
sourcing movement, from conventional to cellular products marketing. Thus, there is
a need to develop a national workforce to meet the demands for positions in the new
chain and provide job opportunities for people, with positive side-effects of
educational opportunities. While some workers may be able to transition to other
agricultural activities, such as growing ingredients for new alternative meat chains,
most job opportunities will require higher qualifications (Morais-da-Silva et al., 2022b;
Stout et al., 2024). Approximately 15% of individuals working in Brazilian
agribusiness , including activities in agriculture and livestock production, processing
and other agri-services, have higher education, whether incomplete or complete
(CEPEA, 2023). A classic argument of labor sociology and labor economics is that
technological upgrading objectively causes workers to lose their jobs, but the actual
historical experience since the industrial revolution tells us that it does not cause

large-scale structural unemployment (Zhang, 2023).However, there are risks if
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educational activities are not carefully fostered. The demand for high intention of
learning about cellular agriculture among students and professionals in Brazil is
valuable, as such current and future professionals are those who will be on-field,
interacting directly with farmers and others who will benefit from learning about
cellular agriculture.

The respondents of this study were inhabitants of urban areas, and this fact
may explain the low resistance among the participants. Positive impacts are perhaps
mostly visible in urban areas, with localizing high-skilled jobs in biotechnology and
engineering (Newel and Glaros, 2024), and negative consequences may fall upon
rural communities (Marques et al., 2024). According to Tubb and Seba (2020), jobs in
animal feed and production activities can be most affected, represent up to 23% of
the jobs in the conventional meat chain. Thus, policies are needed to protect rural
communities from losing out. Training and retraining programs must both develop the
next generation of scientists capable of tackling the technological hurdles and create
employment in areas where animal agriculture might decline (Stout et al., 2024).

A minority of respondents believed that new technologies would not interfere
with their professional success, justified by a lack of knowledge, doubts, or disinterest
in the topic, either because they did not wish to work professionally in the field or as
consumers, found them unnecessary, or experienced neophobia. According to
Finistrella et al.,, 2024, neophobia is the fear of the new and unknown. Thus,
disinterest or resistances, that are justified by neophobia, are likely to be attenuated
by education. Furthermore, neophobia tends to decrease as cultivated meat
becomes more familiar to society at large: as put by van der Weele and Driessen
(2019), normal meat may become stranger as cultivated meat becomes more normal.

Some respondents expressed confidence that the arrival of this new
technology would not negatively impact their professional success, as they
understand that this area enables the production of complementary protein
alternatives, thus adding to conventional production systems instead of replacing
them. They referred to a logical phenomenon, which may be led by interplay of
various factors, such as the increasing demand for meat, comparative characteristics
between traditional and cell-based products, and degree of environmental and animal
ethics awareness by consumers, with cost arguably leading the way. The costs of

cellular products are recognized as an important challenge to be overcome. Current
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production technologies result in low yields, leading to economic projections that
hinder the scalability of cultivated meat (Hubalek et al., 2022). More recently, Pasitka
et al. (2024) conducted a techno-economic analysis for a theoretical production
facility of 50,000 L, showing that the cost of cultivated chicken can drop to the range
of organic meat at US$6.20 per pound by utilizing perfusion technology. However,
such theoretical predictions remain to be proved in practice. Overall, as common with
disruptive innovations, initial cellular agriculture costs seem prohibitive but they tend
to drop dramatically, on a historical series time frame of first fifteen years (Tubb and
Seba, 2020).

Most respondents were ready to try cultivated meat, provided they knew its
origin and preparation method. They were also concerned about the welfare of
animals raised and slaughtered for conventional meat production, seeing these types
of foods as an alternative to consume products of animal origin.

The cultural context determines the place that different foods occupy within
people (Giacolone et al., 2023). Valente et al. (2019) observedthat63.6% of the 626
participants declared they would eat cultivated meat. Gomez-Luciano et al. (2019) in
their survey with 216 respondents reported that the willingness to purchase cultivated
meat alternatives in Brazil may increase if the perception of its healthiness, safety
and nutritiousness increases. According to a survey carried out by Chriki et al. (2021)
with 4471 respondents, 46.6% of Brazilians consider cultivated meat as a promising
and acceptable option and 66% were willing to try it. A later survey with 225
respondents confirms that Southeastern Brazilians are willing to consume cultivated
meat: 80.9% of the respondents were willing to try it (de Oliveira et al., 2021). In
Porto Alegre (Rio Grande do Sul, Southern Brazil), a survey with 538 respondents
demonstrated that six out of ten people were willing to try cultivated meat alternatives
(Fernandes et al., 2021). Among 809 respondents from Southeast and Northeast
regions of Brazil, 265 (32.7%) expressed interest in trying cultivated meat, and 211
(26.1%) stated that they would not consume it, while 333 (41.2%) were unsure
(Biscarra-Bellio and Mendes et al., in preparation). The studies seem to indicate a
positive outlook for the arrival of cultivated meat in Brazil, which is confirmed by our
results. However, an important variance in results is evident, as expected in a country
as big and diverse as Brazil. Thus, more research is required to better understand

whether it will become a daily part of consumers' plates in the country.
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Most respondents believed that their personal lives could be changed if they
started consuming cultivated meat, opting for eating cultivated meat exclusively. The
frequency of such answers suggests a role for new terminology, such as
“cultivatism”, to indicate a preference for consuming animal products originating from
cellular agriculture. This positioning may indicate that cultivated meat is seen by
many as a solution for mitigating pre-existing cognitive dissonance, where people
enjoy eating meat but are troubled by the harm caused to animals in its production
(Hopwood and Bleidorn, 2019). According to Loughnan et al., 2014, it is necessary to
provide a novel perspective for everyday naturalized actions like eating meat, which
are not commonly conceptualized as moral choices, to deal with the meat paradox,
and it is necessary to offer a new perspective on normalized actions like eating meat,
which are not commonly viewed as moral choices, to address the meat paradox. With
the advent of alternative proteins, the meat paradox may feel easier to confront, and
desensitization toward animals may decrease, as people would no longer have to
tolerate animal suffering for the sake of meat consumption (Heidemann et al.,
2020a).

In addition to animal welfare, some participants cited that alternative proteins
could help reduce access difficulties to food worldwide. Cultivated meat represents
innovations that promise to enhance food security (Nobre, 2022), as reducing the
consumption of conventional animal products may contribute to achieving this goal
(Alexandre et al., 2017). Given the wide variety of formulations and blends,
alternative proteins can meet the nutritional demands of many. Furthermore, some
waste from the food industry can be up cycled to create novel ingredients. Such
practices not only support food security but also contribute to the goal of establishing
a sustainable global food supply system (Malila et al., 2024).

In summary, the flourishing of cellular agriculture depends on the training of its
workers in all levels and related areas. Although our study relies on a small non-
stratified sample of the total population of those involved in food production in the
country, it indicates that structuring education in cellular agriculture is well-received
by some, as there appears to be an awareness of job opportunities in this emerging
field in the studied region. Even though it is not of high interest to all, innovations are
commonly picked up by a few who tend to become leaders, and our results show that

these few are currently available.
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As limitations of this work, Brazil's diversity highlighted the need for more
research with greater stratification of respondents, allowing for a more accurate
characterization of Brazilians' views across different areas. The "other" category
reflected this variety and may have limited the interpretation of the data. Additionally,
the research instrument used proved insufficient for exploring the reasons and logic
behind the responses. To gain a deeper understanding of participants' opinions, it
would be ideal to conduct more research using semi-structured interviews, which can
reveal important nuances that were not captured in the current format. When
interpreting the comments left by our respondents, it is important to consider the fact
that people with a more positive outlook on the topic may feel more motivated to
leave additional comments, as this request for opinion about cultivated meat was not
mandatory. Therefore, a bias toward a higher proportion of positive comments is
likely in our study. Another issue is the limited interaction with respondents who
showed disinterest in the topic. If predictions are fulfilled, it is plausible that their lives
will be changed by the development of cellular agriculture. This issue deserves
further attention so that transitions do not leave anyone behind.

Our results showed that Brazilian undergraduate students and professionals
seem interested in learning about cellular agriculture to acquire the skills and
competencies that will enable them to take advantage of the opportunities which this
emerging field can offer. Thus, it is possible to suggest a demand for the
development of educational programs and infrastructure to prepare professionals
who already have some knowledge of the subject but wish to deepen their
understanding. Despite the limitations, our study highlights the importance of
investigating the views and opinions of students and professionals identified as the
current or future workforce in food production regarding alternative proteins. More
studies with professionals and students from diverse fields of knowledge in different
regions of Brazil are needed to better understand both the demand and how new

knowledge can be most effectively presented and utilized by those interested.

4.5 CONCLUSION

Our results showed that Brazilian undergraduate students and professionals

seem interested in learning about cellular agriculture to acquire the skills and
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competencies that will enable them to take advantage of the opportunities which this
emerging field can offer. Thus, it is possible to suggest a demand for the
development of educational programs and infrastructure to prepare professionals
who already have some knowledge of the subject but wish to deepen their
understanding. Despite the limitations, our study highlights the importance of
investigating the views and opinions of students and professionals identified as the
current or future workforce in food production regarding alternative proteins. More
studies with professionals and students from diverse fields of knowledge in different
regions of Brazil are needed to better understand both the demand and how new

knowledge can be most effectively presented and utilized by those interested.
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5 TEACHING, RESEARCH AND EXTENSION IN CELLULAR ANIMAL SCIENCE
AT THE FEDERAL UNIVERSITY OF PARANA

ABSTRACT

The rise of the global population in the next decades coupled with the meatification of
diets in Asia and Africa will drive a substantial increase in global demand for meat.
This raises significant concerns regarding animal welfare, public health, food security
and the sustainability of conventional animal production. Cellular animal science
offers promising response to such challenges. Training skilled professionals in
cellular agriculture is essential to support its development and integration. This study
outlines the implementation process of Cellular Animal Science at the Federal
University of Parana (UFPR), including the development of the first courses in
Introduction to Cellular Animal Science at both graduate and undergraduate levels
and the establishment of the Cellular Animal Science Laboratory (Zoocel).
Additionally, the extension project Bife Sem Bicho was conceptualized to propagate
knowledge about cultivated animal products and other alternative proteins, engaging
both university audiences and the public. Our findings indicate that UFPR has made
significant advancement in the cellular animal science field by establishing
foundational courses, a dedicated laboratory, and outreach initiatives. The study
reveals strong student demand for hands-on training in alternative protein production
systems, underscoring the importance of further laboratory developments for
teaching. Additionally, the integration of research, teaching, and outreach activities
has promoted scientific knowledge and increased student interest in cellular
agriculture, highlighting the potential of this model to train qualified professionals and
expand awareness of and skills in sustainable food production systems alternatives
to intensive animal production.

Keywords: Cellular agriculture; education; laboratory.

5.1 INTRODUCTION

The global population is expected to reach approximately 8.5 billion by 2030,
9.7 billion by 2050, and 10.4 billion by 2100 (United Nations, 2022). In addition, the
continuous increase in global meat demand also derives from a process known as
meatification, a concept describing that meat is moving from the periphery to the
center of human diets, as daily meat consumption expands from western countries to
become a global phenomenon (Hansen, Jakobsen, & Wethal, 2021). The ever-
growing world meat demand raises critical concerns regarding the intensification of
animal production and related animal welfare, public health, food security and
sustainability issues (Bryant & Barnett, 2020; Biscarra-Bellio et al., 2023; Phillips et
al., 2024; Philips et al., 2024).

Cellular animal science, also known as cellular agriculture, has emerged as a

promising alternative to conventional animal production systems, offering a
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production perspective that does not involve animal slaughter (Post, 2014a; Slade,
2018; Biscarra-Bellio et al., 2023). Such field has attracted increasing attention from
the public, popular media, animal welfare organizations, the scientific community, and
investors (Goodwin & Shoulders, 2013; Schneider, 2013; Verbeke et al., 2015;
Stephens et al., 2018,Biscarra-Bellio et al., 2023), especially following the production
of the first prototype of a cultivated burger in 2013 (Post, 2014b). Thus, it seems
relevant that this innovative food technology be introduced and promoted in the
academic environment through teaching, research, and outreach initiatives (Newell &
Glaros, 2024).

Addressing the educational needs of a new scientific domain requires a
significant expansion of university initiatives, since few institutions have specialized
curricula and this gap of knowledge can limit the exploration of career opportunities
within the sector (Stout et al., 2024).This is likely especially relevant when highly
specialized professionals are needed to accelerate progress in the field. The
implementation of introductory and specialized courses may help; however, very few
courses that focus specifically on cellular agriculture are currently available (The
Good Food Institute, 2022). Cellular animal science not only can open doors to a
wide range of careers but may also offer the chance to be part of a transformative
movement towards a more sustainable future (Morais-da-Silva et al., 2022). Thus,
with such robust reasons, documenting and analyzing the implementation of
alternative protein initiatives at specific universities is warranted to understand best
strategies for effectively addressing the educational gaps and supporting the growth
of the emerging food production chains.

Therefore, this study aims to document and analyze the implementation of
Cellular Animal Science at Federal University of Parana (UFPR), in Southern Brazil,
focusing on three main aspects: the offering of the first courses in Introduction to
Cellular Animal Science (ICAS) at both undergraduate and graduate levels, including
the perceptions of course attendees; the reporting of the process of conceptualizing,
installing, and operating a research and educational cellular agriculture laboratory
(the Cellular Animal Science Laboratory —Zoocel of the Federal University of Parana -
UFPR); and the scientific dissemination of cellular agriculture through an outreach
initiative(the extension project Bife Sem Bicho). This article is expected to contribute

to a broader understanding of how universities can address educational gaps and
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support the growth of alternative protein sectors, for the benefit of humans, animals

and the environment.

5.2 METHODOLOGY

Our documentation encompassed comprehensive details on the
implementation process of Cellular Animal Science at UFPR, through a period
spanning from 2019 to 2024. In the teaching context, comprehensive surveys were
conducted to outline the procedures necessary to design and implement the
Introduction to Cellular Animal Science course at UFPR, at both undergraduate and
graduate levels. These surveys included interviews and collaborative efforts with
international Universities and a thorough review of online information, all of which
with the essential support from the Good Food Institute — GFI Brazil. Subsequently,
an analysis of the records in the Microsoft Teams groups from the editions offered
was used to develop a renewed course syllabus, as well as to assess the number of
enrolled students in the first course editions and their level of participation.

To better understand the impact the courses had on student learning, an
online questionnaire consisting of 16 questions was administered from February
2022 to July 2024. Students from the five editions of ICAS, from 2020 to 2024, were
invited to participate in this research. Additionally, individuals who attended isolated
lectures, classes, or webinars on cellular animal science conducted by members of
the Cellular Animal Science Laboratory (Zoocel) team were invited to participate and
share their opinions. This research was approved by the Federal University of
Parana’s Ethics Committee for Research Involving Humans under protocol number
5.669.675. The questions that make up the questionnaire are presented in Table 1.
To analyze the justifications provided for the responses to open-ended questions,
key-words provided by respondents were used as central ideas using the Discourse
of the Collective Subject (DCS) method (Duarte, Mamede, & Andrade, 2009).

TABLE 1. QUESTIONNAIRE ADMINISTERED FROM FEBRUARY 2022 TO JULY
2024, COMPOSED OF A TOTAL OF 9 QUESTIONS.

Number Question
1 How old are you?
2 Which city do you live in? (City/state)
3 If you are an undergraduate student, what program are you enrolled in?
4 If you have a postgraduate degree, what type is it? (Specialization, Master’s,

PhD, postdoctoral research)
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Have you ever attended a class, course, discipline, or lecture on Cellular Animal

5 Science (alternative proteins, plant-based meat, cultivated meat, precision
fermentation)?

6 What is the impact of learning cellular animal science on your career?

7 Do you feel prepared to enter this new production chain?

8 !I?you have had access to the content, on a scale of 1 to 10, how would you rate
it

If you would like to learn about something that was not mentioned, please tell us
what you felt was missing.

Regarding the laboratorial context, equipment and facility testing activities,
which included the evaluation of the Zoocel implementation, were analyzed. This
involved introducing activities in the laboratory, testing the functionality of the
equipment and the suitability of the facilities for the specific purposes of cellular
animal science. The data obtained during these activities were recorded, including
descriptive information about the procedures performed, results achieved, challenges
encountered, and solutions implemented. This report is intended to provide an initial
frame work for the process of implementing routine practices in the laboratory.

Regarding the extension initiatives, the Bife Sem Bicho project aims to
disseminate scientific knowledge about cellular animal science through posts on
Instagram and LinkedIn and interviews published on the YouTube channel. The Bife
Sem Bicho publications were analyzed through engagement metrics on social media,
in the Insights tab on Instagram and the Analytics tab provided by YouTube Creator
Studio.

5.3 RESULTS

The Federal University of Parana (UFPR) was the first Brazilian University to
implement cellular animal science content in both postgraduate and undergraduate
programs, with courses entitled Introduction to Cellular Animal Science (ICAS), and
first offered in 2020. Under this context, concomitant initiatives related to the insertion
of the area within the University and regional scenario have arisen; however, the
process of fundraising for the implementation of a cellular animal science laboratory
at UFPR was marked by challenges. Since 2019, there have been several attempts
to secure funding, such as submitting a proposal to Funding Authority for Studies and
Projects (FINEP), which was then not successful. Additionally, attempts with the third
sector did not prosper either. However, continuous efforts bore important fruits, such

as the first Scientific Initiation mentorship on cultivated meat, funded by UFPR, and



90

the mentoring of postgraduate students with CAPES scholarships from the Veterinary
Science Post-graduation Program, whose work resulted in relevant scientific
publications. An important achievement came in 2020, with the approval of a
proposal submitted to GAIA, a Belgian animal protection NGO, which made it
possible to hire a postdoctoral researcher to study the social impacts of cellular
animal science. The impact of this funding was decisive, as it allowed for the
continuation of strategic studies and the formation of a solid knowledge base.

One significant milestone to date was the approval of the New Research and
Innovation Arrangement (NAPI) in Alternative Proteins in 2023, with funding from the
State Government of Parana through its research supporting agency, Fundagao
Araucaria. With 36 goals, NAPI Alternative Proteins aims to strengthen Parana and
Brazil's food producers through innovations in biotechnology, engineering, veterinary
medicine, animal science, administration, agronomy, and related areas producers by
utilizing innovative production systems to develop the essential stages to produce
alternative proteins, while consolidating teaching, research and outreach in the field
and establishing a new food industry in the State. With a consolidated
multidisciplinary team that includes six research groups in three universities across
the State (UFPR, State University of Maringa, and Pontifical Catholic University of
Parana), the NAPI Alternative Proteins project represents a force in research and
innovation in Brazil, as the team expertise covers a complex range of knowledge for
the advancement in the production of alternative proteins. This financial support
made it possible to establish a network of researchers and broaden the research and
educational laboratorial infrastructure. With such developments, the acquisition of
further resources through new partnerships and successful grant applications was
significantly facilitated. For example, a second major funding was secured through
the project Aflorabem, recently approved in a FINEP call. This scenario opens doors
for collaborations with other institutions and funding agencies, solidifying cellular
animal science as an area of growing innovation and relevance in the State of
Parana. It also clearly demonstrates the value of investments in cellular agriculture,
which can rapidly attract more funding and thus start a virtuous cycle of investment
and scientific as well as agrarian and industrial development, with evident social and
economic benefits.

The Cellular Animal Science Laboratory (Zoocel) is a teaching, research, and

extension unit dedicated to cellular agriculture, with its implementation being one of
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the objectives of the NAPI Alternative Proteins project. Established in September
2023, Zoocel offers conditions for the development of scientific projects involving
food production through cell cultivation on a bench scale. It aims to support activities
across various industry spheres, including education, consumer acceptance,
biosecurity, and the inclusion of conventional producers in the alternative protein
value chain. As a newly established laboratory, it is currently possible to glimpse
short-term impacts following its creation. The laboratory is part of the Agricultural
Sciences Sector at the University, on a campus that hosts the Veterinary Medicine,
Animal Science, and Agronomy programs, where research, teaching, and extension
activities initiated by the laboratory and its research group have been conducted. In
the following sections, we analyzed teaching, research, and extension dimensions of
Cellular Animal Science implementation at UFPR.

5.3.1 Teaching

The Federal University of Parana has offered five courses related to cellular
animal science, both at the undergraduate and graduate levels. In July 2020, the
UFPR Veterinary Sciences Post-graduate Program (PPGCV) launched its first course
in this area, entitled Introduction to Cellular Animal Science, offered online and in
English. This inaugural course was offered for15 students. Later, in October 2020,
the same program offered the second edition of this course, again in English and
online, with an increased enrollment opportunity to 20 students. Subsequently, in
November 2021, the program offered the third edition of the course, this time in
Portuguese, entitled Introdugao a Zootecnia Celular, also online, now for30 students.
All editions reached full student enroliment, with additional students on a waiting list.

The postgraduate course covered a wide range of essential topics for the
study of cellular animal science. The course program encompassed basic concepts
from cellular agriculture and plant-based, fermentation and cell-cultivation production
processes to issues such as the power of disruption for problems related to
conventional animal production chains. Topics explored included Sustainable
Development Goals (SDGs), animal welfare, consumer market trends, value chain in
meat transition, social impacts, one welfare and global health, and industry
development. Additionally, the courses provided a comprehensive understanding of
biotechnology fundamentals, food safety, technology of products of animal origin,

food security, and teaching and research practices. This interdisciplinary approach
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offered students a global perspective of the field, enabling them to understand the
various factors driving the transformation of the food and biotechnology industries.
The main weakness of the Introduction to Cellular Animal Science courses was their
completely theoretical approach, with no hands-on activities due to the absence of
laboratorial infrastructure.

In 2022, a request for approval of an optional ICAS course was submitted to
both the academic Programs in Veterinary Medicine and in Animal Science at UFPR
and, after approval was granted; in March 2023 the Programs received their first
ICAS course edition, in Portuguese and entitled Introdugdo a Zootecnia Celular

(Figure 1).

FIGURE 1. FIRST COURSE OF INTRODUCTION TO CELLULAR AGRICULTURE
OFFERED TO THE VETERINARY MEDICINE AND ANIMAL SCIENCE
UNDERGRADUATE PROGRAM AT FEDERAL UNIVERSITY OF PARANA (UFPR)
IN MARCH 2023.

This optional course, coded AZ145, attracted 37 enrolled students. With a
workload of 18 hours, the course was offered in-person. Subsequently, in February
2024, the same course was offered again for undergraduate students, with 16
enrolled students. Thus, in total, the ICAS course has attracted 118 students with its
five editions offered at both graduation and post-graduation levels.

The study plan for the undergraduate course covered a variety of fundamental
topics for a comprehensive understanding of the field, representing an update on the

previous editions for postgraduation students. These topics included concepts related
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to alternative proteins, exploring different sources and production methodologies, and
analyzing new food production systems, highlighting innovative technologies
transforming the food industry and positively impacting animal ethics, sustainability,
food safety and security, and public health. Public policies were also discussed,
reflecting on how legislation and regulations may shape the development and
expansion of cellular animal science, and the social impacts related to this new food
production method. The plan also included topics like education and research,
emphasizing the importance of advancing knowledge in this field, and animal welfare,
highlighting the ethics associated with reducing animal suffering through
biotechnology. Global health was an important point, reflecting on how cellular animal
science can contribute to more sustainable food systems, which are also safer for
public health, especially considering the reduction of the risk of antimicrobial
resistance and new pandemics (United Nations Environment Program and
International Livestock Research Institute (2020). Finally, economic aspects such as
investments and startups both in Brazil and worldwide were covered, opening
reflections on how the market is responding to cellular agriculture and how emerging

companies are driving the transition to new food production methods.

5.3.1.1 Students’ opinions about their learning experiences

All students were invited to fill a post-course evaluation form. Of the 41
respondents, 30 (73.2%) were between 18 and 30 years old, 3 (7.3%) were between
31 and 40, and 8 (19.5%) were over 41 years old. Of the total, 34 (82.9%) were from
Curitiba, Parana, while the other 7 (17.1%) were from other five Brazilian states.
Among the respondents, 30 (73.2%) were undergraduate students, with 27 (90%)
studying veterinary medicine, 2 (6.7%) in animal science, and 1 (3.3%) in bioprocess
engineering and biotechnology. The remaining 11 (26.8%) were postgraduates,
including 1 (9.1%) with a specialization, 4 (36.3%) with a master's degree, 5 (45.5%)
with a doctorate, and 1 (9.1%) who had already completed a postdoctoral fellowship.
Among the participants, 17 (41.4%) completed undergraduation, 10 (24.4%)
completed postgraduation, while 12 (29.3%) accessed the content through lectures,
and 2 (4.9%) did not access the content. Overall, 38 respondents (92.7%) expressed
interest in pursuing a career in the field, while 3 (7.3%) felt less inclined to do so. As

for the perceived readiness to enter workforce in the field, 15 (36.6%) felt ready, 7
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(17.1%) felt unprepared, and 19 (46.3%) were uncertain. Respondents suggested
additional educational initiatives, with 17 (32.7%) supporting the establishment of a
full postgraduate program dedicated to cellular agriculture, 3 (5.7%) supporting a
graduate program, 27 (52.0%) the inclusion of courses in existing programs, and 5
(9.6%) the integration of cellular agriculture content into current courses within
existing programs. A maijority (73.2%) rated the course as excellent, with some
overlapping with the 21 (51.2%) respondents who in addition expected more in-depth

and practical activities (Figure 2).

° What educational initiatives could contribute
ﬁf S i to training in cellular animal science? (%) / A’
\I N > 11 postgraduate students 52.0 _ T

41 participants (26.8%) Establishment of a postgraduate program Rated the course

[ Inclusion of courses in existing programs as excellent
How did the students learn about [l Integration of this content into existing courses
cellular animal science? [l Establishment of a undergraduate program
51.2%
2 T Did they feel prepared to enter this field? Folia Bk ordierer
30.8% 43.6% coverage in the
Other lectures Wi W e contednt p{o_vlded
courses 39.50% Sk
92.7% I Uncertain  nsufficient hours
25.6% No » Lack of practical
were interested in pursuing

Postgraduate activities

COLISES R_} Out of 39 responses

a career in the field

FIGURE 2. OPINIONS OF RESPONDENTS WHO PARTICIPATED IN THE
INTRODUCTION TO CELLULAR ANIMAL SCIENCE COURSES OR RELATED
ACTIVITIES AT UFPR FROM 2020 TO 2024.

The results suggest that the cellular agriculture courses had a significant
impact on students' career considerations, indicating that such courses are effective
in raising awareness and interest in this field. Additionally, there is a clear demand for
practical activities and a need to enhance students' confidence in their preparedness
for careers in alternative proteins. While the courses played an important role, there
are opportunities to further refine the course structure, especially given the current
availability of laboratory facilities at the University.

The structuring and implementation of an introductory course proved to be
relatively straightforward and cost-effective, with a significant impact on student
education, resulting in a positive cost-benefit ratio and demonstrating a viable
alternative for integrating cellular agriculture and alternative proteins into the
university curriculum. Additionally, participants' feedback highlighted the demand for
the inclusion of related topics within existing courses, which could be an equally

effective and less resourceful strategy for initially promoting the field. Expanding the
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availability of a dedicated course across various programs in agricultural sciences,
biological sciences, and bioprocess engineering may further attract interested
students. Overall, the offering of an introductory cellular agriculture course is both
viable and worthwhile, as a strategic approach to bring students close to this new
field in the absence of resources to the offering of a full course with laboratory
activities. In addition, such an educational initiative facilitates attaining the support for
the full development of the area within the University, as it attracts student attention
and puts cellular agriculture as a live topic on campus. Finally, the more institutions
engage with cellular agriculture, the easier it becomes for the field to flourish, as
external support is vital in the first steps. In our case, the fundamental support came
through the essential work of the GFI Brazil, whose efforts we can now join to further

support cellular agriculture in our country.

5.3.2 Research

The inauguration of Zoocel at UFPR was one of the objectives of the project
NAPI Alternative Proteins. The founding goals of the laboratory were teaching and
research in the field of alternative proteins, more specifically establishing primary
cellular culture for cultivated meat production, developing alternative culture media
free of animal-derived ingredients, producing proves of concept of cultured meat in
small-scale conditions, and training and education resulting from scientific initiation,
master’s, doctoral, and postdoctoral opportunities. Although this report focuses on
the establishment of the Zoocel laboratory at the Agrarian Sector of the UFPR, it is
important to consider that the NAPI Alternative Proteins is a broader project in which
other five research groups have as fruitful and relevant activities as those within the
Zoocel umbrella, each group with their own identities and goals.

For the purpose of creating a fully operational laboratory dedicated to cellular
agriculture teaching and research, we combined our previous experiences with those
of other groups within the NAPI Alternative Proteins, and conducted literature
research to compile essential information about the basic materials and equipment
needed for such a laboratory. Equipment listed included biosafety cabinet, peristaltic
compressor pump, laboratory water bath, centrifuge, CO2 incubator, CO2 cylinders,
distiller, liquid N2 container, vertical refrigerator, horizontal freezer, AID pipette,

inverted light microscope, autoclave, sterilization and drying oven, magnetic stirrer,
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pH meter, adjustable volume micropipette, precision scales, simple microscope,
thermocycler, bioreactor for animal cell culture, and computers, in addition to
consumable chemical, biological and laboratory materials (for a more detailed list,
please contact authors directly). Based on this preliminary list, an analysis of the
infrastructure for setting up the laboratory was conducted, using the two rooms
located in the Center for Innovations in Agricultural Sciences (CIAG) in the UFPR
Agricultural Sciences Sector which were designated for setting the Zoocel up.

The biosafety level considered most suitable for working with animal cells from
both established lineages and primary culture was level 2 (BSL-2). One of the rooms
(Room 1) was designated for washing, sterilization, preparation, and storage of
materials, also serving as a gowning anteroom, while the other (Room 2) was
reserved for laboratory activities where users must wear personal protective
equipment, such as lab coats, caps, and masks. In addition, internal connections
between the two rooms were established through the opening of a door and a
window, and the outside door in Room 2 was permanently closed. According to these
definitions, the placement of the listed equipment was considered, including creating
floor plans and 3D models for adequate layout visualization. During this process,
some difficulties were identified, such as delays in advancing activities and specific
structural issues, and some adaptations were made accordingly.

To establish the workflow at the Zoocel laboratory, the facilities were first
cleaned, including the biosafety cabinet, incubator, benches, and floor. The stock of
reagents and consumable materials was checked and recorded. The cabinet was
tested for proper operation by placing nutrient agar plates inside the work area with
the airflow on for one hour, then placing them in the incubator to check for bacterial
growth. The incubator was also equipped with a CO2 cylinder, which was tested for
leaks and monitored constantly. The acquisition of our first the bioreactor was an
important event, providing new possibilities as well as a landmark for the Zoocel
activities. It consists of a control tower and two 2-liter autoclavable glass vessels. It
arrived in the laboratory in June 2024, and procedures for its operation are currently
under way. The proper gases are being acquired, and the final details of its
installation as well as the training sessions are planned for the first semester of 2025.
In addition, the acquisition of a fermenter to be used for either yeast or bacterial

growth is planned for 2025, expanding the Zoocel initiatives to include research and
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teaching activities with both animal cell culture and precision fermentation techniques
(Figure 3).

FIGURE 3. WASHING ROOM (A) AND CELL CULTURE ROOM (B) AT THE
CELLULAR ANIMAL SCIENCE LABORATORY (ZOOCEL), FEDERAL UNIVERSITY
OF PARANA AT THE AGRICULTURAL SCIENCES SECTOR, CURITIBA, PARANA,
BRAZIL IN SEPTEMBER 2024.

The laboratory's functionality was assessed through a test culture with a
commonly used immortalized cell line, the Vero cells which derive from kidney

epithelial cells of the African green monkey (Figure 4).

FIGURE 4. TESTING EQUIPMENTS AND PROCEDURE WORKFLOW FOR CELL
CULTURE AT THE CELLULAR ANIMAL SCIENCE LABORATORY (ZOOCEL),
FEDERAL UNIVERSITY OF PARANA (UFPR) WITH AN IMMORTALIZED CELL
LINE.

In summary, significant progress has been achieved so far, transforming the
Agrarian Sector of UFPR into an agricultural campus fully prepared to perform
research and teaching within the domains of cellular agriculture. In terms of research,
such achievements have yet another layer of benefits, as they have created a
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positive feedback loop through which a sensible increase in our success regarding
research grant applications has recently become evident.

This is an important message for public and private institutions considering support
for cellular agriculture, as seed investments seem to open a potential flow of further

financial support from multiple sources.

5.3.2.1 Scientific Publications

Research on cellular animal science coordinated by professor Carla Forte
Maiolino Molento began before the establishment of Zoocel, by members from the
Animal Welfare Laboratory (LABEA) at UFPR, and was likely key for garnering the
needed support for the foundation of the Cellular Animal Science Laboratory. Again,
the strategic approach was to create low-cost research activities, due to the then low
availability of funding. The group of researchers was composed of professors,
postgraduation students (masters, doctoral, and postdoctoral fellowship), and
undergraduation students engaged in scientific initiation and term papers holding a
wide range of topics in their research. The published papers from members of
research groups in cellular agriculture, Federal University of Parana, from 2019 to
2024 are presented in Table 2.

TABLE 2. PUBLISHED PAPERS FROM MEMBERS OF RESEARCH GROUPS IN
CELLULAR AGRICULTURE, FEDERAL UNIVERSITY OF PARANA, FROM 2019 TO
2024.

Authorship Title Journal DOI
Valente et al. First glimpse on attitudes of PLoS One https://doi.org/10.1
(2019) highly educated consumers 371/journal.pone.0

towards cell-based meat and 221129
related issues in Brazil
Reis et al. Emerging Market Multinationals Journal of https://doi.org/
(2019) and International Corporate Business Ethics 10.1007/s10551-
Social Responsibility Standards: 019-04144-5
Bringing Animals to the Fore.
Heidemann et al.  Critical Perspective of Animal Animals https://doi.org/10.3
(2020a) Production Specialists on Cell- 390/ani10091678

Based Meat in Brazil: From
Bottleneck to Best Scenarios

Heidemann et al.  Uncoupling meat from animal Frontiers in https://doi.org/10.3

(2020b) slaughter and its impacts on Psychology 389/fpsyg.2020.01
human-animal relationships 824

Reis et al. Livestock value chain in Technology in https://doi.org/10.1

(2020) transition: Cultivated (cell-based)  Society 016/j.techsoc.2020.
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Reis et al.
(2020)

Letti et al.
(2021)

Reis et al.
(2021)

Reis et al.
(2021)

Goes et al.
(2021)

Moreira et al.
(2021)

Letti et al.
(2021)

Morais-da-Silva
et al. (2022a)

Morais-da-Silva
et al. (2022b)

Morais-da-Silva
et al. (2022c)

Goes et al.
(2022)

meat and the need for
breakthrough capabilities
Cell-based meat and firms’
environmental strategies: new
rationales as per available
literature

Cultivated meat: recent
technological developments,
current market and future
challenges

Can radical innovation mitigate
environmental and animal welfare
misconduct in global value
chains? The case of cell-based
tuna

Governance and Standardization
in Fish Value Chains: Do They
Take Care of Key Animal Welfare
Issues?

When stakeholder theory meets
justification theory: An
intersection proposal

Social Media Analysis to
Understand the Expected
Benefits by Plant-Based Meat
Alternatives Consumers

Cultivated meat: recent
technological developments,
current market and future
challenges

The expected impact of cultivated
and plant-based meats on jobs:
the views of experts from Brazil,
the United States and Europe
The social impacts of a transition
from conventional to cultivated
and plant-based meats: Evidence
from Brazil

The social impact of cultivated
and plant-based meats as radical
innovations in the food chain:
Views from Brazil, the United
States and Europe

When Justification Theory Meets
Responsible Innovation: A Study
of Cell-Based Meat.

Sustainability

Biotechnology
Research and
Innovation

Technological
Forecasting and
Social Change

Journal of
Agricultural &
Environmental
Ethics

Cadernos
Ebape.Br (FGV)

Foods

Biotechnology
Research and
Innovation

Humanities &
Social Sciences
Communications

Food Policy

Frontiers in
Sustainable Food
Systems

Technology And
Society

101286

https://doi.org/10.3
390/su12229418

http://dx.doi.org/10.
4322/biori.202101

https://doi.org/10.1
016/j.techfore.2021
.120845

https://doi.org/10.1
007/s10806-021-
09870-3

https://doi.org/10.1
590/1679-
395120200179

https://doi.org/10.3
390/foods1012314
4

http://dx.doi.org/10.
4322/biori.202101

https://doi.org/10.1
057/s41599-022-
01316-z

https://doi.org/10.1
016/j.foodpol.2022.
102337

http://dx.doi.org/10.
3389/fsufs.2022.10
56615

https://doi.org/10.1
177/097172182210
75158




Moreira et al.
(2022)

Silva et al.
(2022)

Reis et al.
(2022)

Biscarra-Bellio et
al. (2023)

Bogueva et al.
(2023)

Reis et al.
(2023)

Abrahao et al.
(2023)

Garbin et al.
(2024)

Soccol et al.
(2024)

Newton et al.
(2024)

Mendes &
Biscarra-Bellio et
al. (submitted)

Goes et al.
(2024)

Reducing meat consumption:
insights from a bibliometric
analysis and future scopes

What about an alternative meat?
The effect of neophobia and
negative affection on willingness
to buy meat substitutes.

The interplay of entrepreneurial
ecosystems and global value
chains: Insights from the
cultivated meat entrepreneurial
ecosystem of Singapore.
Demand changes meat as
changing meat reshapes
demand: The great meat
revolution

Will the Cows and Chickens
Come Home? Perspectives of
Australian and Brazilian Beef and
Poultry Farmers towards
Diversification

David vs Goliath: The challenges
for plant-based meat companies
competing with animal-based
meat producers.

Cultured Manatee Meat Aiding
Amazon Biodiversity
Conservation: Discussing a
Proposed Model

Etica animal e proteinas
alternativas: questdes atuais em
terminologia da lingua
portuguesa

Cultivated Meat: Technologies,
Commercialization and
Challenges

Price above all else: An analysis
of expert opinion on the priority
actions to scale up production
and consumption of plant-based
meat in Brazil.

How much do opinions regarding
cultivated meat vary within the
same country. The cases of
Salvador and S&o Paulo, Brazil.
Stakeholders’ justifications in
innovation: the case of cell-based
meat.

Future Foods

Remark. Revista
Brasileira de
Marketing

Technology in
Society

Meat Science

Sustainability

Journal Of
Cleaner
Production

Conservation

Archives of
Veterinary
Science

Springer Nature

Frontiers In
Sustainable Food
Systems

PLoS One

Innovation: The
European
Journal of Social
Science
Research

https://doi.org/10.1
016/j.fufo.2022.100
120

https://periodicos.u
ninove.br/remark/in

dex

https://doi.org/10.1

016/j.techsoc.2022.

102116

https://doi.org/10.1

016/j.meatsci.2022.

109040

https://doi.org/10.3
390/su151612380

https://doi.org/10.1
016/j.jclepro.2023.
138705

https://doi.org/10.3
390/conservation3
020021

http://dx.doi.org/10.
5380/avs.v29i1

https://doi.org/10.1
007/978-3-031-
55968-6_18
https://doi.org/10.3
389/fsufs.2024.130
3448

To be announced.

https://doi.org/10.1
080/13511610.202
4.2352744
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5.3.2.2 Works presented at events

Some members of the LABEA and Zoocel research groups presented works
regarding cellular animal science at events from 2021 to 2024 such as seminars,

congresses, and conferences in different locals (Table 3).

TABLE 3. ABSTRACTS ACCEPTED AT EVENTS FROM MEMBERS OF THE
ANIMAL WELFARE LABORATORY (LABEA) AND THE CELLULAR ANIMAL
SCIENCE (ZOOCEL) RESEARCH GROUPS, FEDERAL UNIVERSITY OF PARANA,
FROM 2021 TO 2024.

Authorship Title Event Place
Biscarra-Bellio Intencdo de Consumo de Carne VI Animal Defense Seminar. Curitiba, PR.
etal (2021)  Celular no Brasil National Forum for Animal Brazil

Protection and Defense
Paolini et al.  Proposal for Brazilian Higher VI Animal Defense Seminar. Curitiba, PR.
(2021) Education in Alternative Proteins. National Forum for Animal Brazil
Protection and Defense
Biscarra-Bellio Introduction to Cellular Animal SEE-U Conference Curitiba, PR.
etal (2021)  Sciences International Relations Office Brazil
at University Federal do
Parana.
Morais-da- The animal stance in the socio- Proceedings of the 37th Amsterdam,
Silva et al. technical transition to European Group for Netherlands.
(2021) sustainability: the case of Organizational Studies.
cultivated meat. EGOS Colloquium.
Paolini et al.  Possibilities for higher educationin 292 EVINCI Evento de Curitiba, PR.
(2022) alternative proteins in Brazil Iniciacao Cientifica Brazil
132 SIEPE Semana Integrada
de Ensino Pesquisa e
Extensdo UFPR
Grenzi etal. Nutricdo de animais de companhia 292 EVINCI Evento de Curitiba, PR.
(2022) baseada em proteina de carne Iniciagado Cientifica Brazil
celular 132 SIEPE Semana Integrada
de Ensino Pesquisa e
Extensdo UFPR
Biscarra-Bellio Avoiding the Risk of Deepening RGS-IBG Annual International  London,
etal. (2022) Inequalities In The Food Conference: Geographies United
Production Chain: An Initial beyond recovery Kingdom.
Framework for Higher Education
Regarding Alternative Protein
Mendes et al. Zootecnia Celular: Bife Sem 21° ENEC Encontro de Curitiba, PR.
(2023) Bicho? Conhecendo Carne, Ovos, Extensao e Cultura Brazil
Leite e Derivados sem Sofrimento 142 SIEPE Semana Integrada
e Abate de Animais de Ensino Pesquisa e
Extensdo UFPR
Mendes et al. Consumer Acceptance of 302 EVINCI Evento de Curitiba, PR.
(2023) Cultivated Meat in Brazil Iniciacdo Cientifica Brazil

142 SIEPE Semana Integrada
de Ensino Pesquisa e



Mendes et al.
(2023)

Morais-da-

Silva et al.
(2023)

Valim et al.
(2023)

Coelho et al.
(2024)

Biscarra-Bellio
et al. (2024)

Mendes et al.
(2024)

Biscarra-Bellio
et al. (2024)

Garbin et al.
(2024)

Garbin et al.
(2024)

Gularte et al.
(2024)

Biscarra-Bellio
et al. (2024)

Mendes et al.

Consumer Acceptance of
Cultivated Meat in Brazil

The Potential Relevance of
Associations for the Progress of
Cellular Agriculture: The Case of
Cell Agri Brazil

Zootecnia Celular: Bife Sem
Bicho? Conhecendo Carne, Ovos,
Leite e Derivados sem Sofrimento
e Abate de Animais

Crescimento De Células Vero e
MDBK em Meio Livre de Soro
Fetal Bovino

A glimpse on students’
perceptions of education in
Cellular Animal Sciences in a
Brazilian University

Cellular Agriculture at UFPR:
Research, Teaching, and
Extension Initiatives

Cell Ag Brazil: Accelerating the
Alternative Proteins Sector In
Brazil

Preliminary analysis of animal-
derived inputs in cultivated meat
patents: the importance of
technical descriptions

The role of food bioprinting in
sensory food aversion of
individuals with Autism Spectrum
Disorder (ASD)

Perception of vegetarians and
vegans regarding the inclusion of
cultivated meat in their dogs’ diet

Cellular Agriculture: Who Wants
To Learn About This New
Technology?

Intencdo de Consumo da Carne

Extensdo UFPR

1° International Conference of  Braga,
the Portuguese Association Portugal
for Cellular Agriculture

1° International Conference of  Braga,
the Portuguese Association Portugal
for Celular Agriculture.

41° SEURS Seminario de Ponta
Extensao Universitaria da Grossa, PR.
Regido Sul Brazil

29° CBCTA 2024 - Brazilian Florianopolis

Congress of Food Science , SC. Brazil
and Technology

2" International Conference  Portugal
of the Portuguese Association

for Cellular Agriculture

| COAP 1% Conference on Campinas,
Alternative Proteins SP. Brazil

| COAP 1 Conference on Campinas,
Alternative Proteins SP. Brazil

| COAP 1* Conference on Campinas,
Alternative Proteins SP. Brazil
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Alternative Proteins SP. Brazil
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(2024) Celular nas Cidades de Salvador e  National Forum for Animal Brazil
Sao Paulo, no Brasil Protection and Defense

Mendes et al. Bife Sem Bicho: Conhecendo a VII Animal Defense Seminar. Brasilia, DF.

(2024) Carne, Ovos, Leite e Derivados National Forum for Animal Brazil
sem sofrimento e morte de Protection and Defense
animais

Mendes et al. Zootecnia celular na UFPR: 312 EVINCI 152 SIEPE Curitiba, PR.

(2024) iniciativas de pesquisa, ensino e Semana Integrada de Ensino Brazil
extensao Pesquisa e Extensdao UFPR

Gularte et al. Percepgao de vegetarianos e 312 EVINCI 152 SIEPE Curitiba, PR.

(2024) veganos sobre a inclusao de Semana Integrada de Ensino Brazil
carne celular na dieta de seus Pesquisa e Extensdao UFPR
animais de estimacéao

Chaudhary et Toward a global protein transition: G20 Brasil 2024 Brazil

al. (2024) urgency, potential, and

international cooperation

5.3.3 Extension

The UFPR’s first extension project in cellular agriculture, entitled Bife Sem
Bicho (a Portuguese pun for steak without an animal): understanding meat, eggs and
dairy without the suffering and death of animals, was created in February 2023. The
project aims to offer a meaningful contact with cellular animal science, in an
accessible and inviting manner, to the university community as well as the general
public. The project goals are to disseminate and to promote knowledge about
scientific advancements related to environmental, social, economic, public health,
food safety and security, and animal ethics aspects associated with alternative
proteins.

In this context, the project includes two subprojects organized according to the
type of content produced and its presentation format. Subproject 1, entitled Zoocel na
Rede, focuses on developing and managing a website for the Zoocel laboratory, as
well as creating social media profiles to disseminate and expand access to
information on cellular animal science and Zoocel’'s daily activities. Activities in this
subproject range from website planning to producing content for social media posts
to generate engagement and interaction with the public, broadening knowledge and

the debate on the topic. The second subproject, Pod Bife Sem Bicho offers a podcast
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featuring interviews with professionals who work or are involved with cellular animal
science, both within and outside UFPR. The podcast target audience is composed of
undergraduation students interested in deepening their knowledge on the subject, as
well as society in general, with the goal of informing about innovations in the field. Its
development involves planning episodes, selecting interviewees, preparing
questions, and recording, posting episodes on digital platforms, and promoting them.

The LinkedIn (Zoocel Laboratério de Zootecnia Celular | LinkedIn) and
Instagram (@zoocel.ufpr) accounts were created to provide information about cellular
animal science, including highlights from researchers and their projects at Zoocel. So
far, LinkedIn has 244 followers and 114 connections, and it features 33 posts. The
Instagram account has shared 59 images and 17 videos, mainly aiming to clarify
common doubts about the topic. From August 2024 to October 2024, the profile
@zoocel.ufpr reached approximately 3,5 thousand accounts, with a current number
of 767 followers. The most popular post to date is the video Cultivated meat is agro!
which alludes to a catchphrase referring to the powerful agricultural activities in
Brazil, with a total of 5,007 views. Additionally, a LinkedIn profile was created to
replicate the content posted on Instagram. The website (https://zoocel.ufpr.br/)
includes information on research projects, team, scientific productions, and news

related to the laboratory.

BIFE
SEM
BICH®

FIGURE 6. LOGO OF BIFE SEM BICHO EXTENSION PROJECT FROM THE
CELLULAR ANIMAL SCIENCE LABORATORY (ZOOCEL), FEDERAL UNIVERSITY
OF PARANA, AND THE QR CODE FOR THE ACCESS TO THE SOCIAL MEDIA
MANAGED BY MEMBERS OF ZOOCEL ON THE INTERNET.

The Zoocel YouTube channel (https://www.youtube.com/@zoocelufpr) has

seven published videos (Figure 7).
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ZOOCEL - Laboratoério de Zootecnia Celular

B @zoocelufpr + 52 inseritos - B videas
[ OCEL Este ¢ o canal de Youtube oficial do ZOOCEL, alimentado pelo projeto Bife Sem Bic ...mais
2 zoocelufor.br e mais 4 links

Personalizar o canal Gerenciar videos

Inicic  Videos Podeasts Playlists Comunidade

Videos P Reproduzir tudo

#OD GFE SEN Gl POD GIFE SEM 0G0 P@D[}ﬂﬁ}ﬁﬂ [POD (BIFE SEN B0GHD  POD GIFE SEW 0G0 POD BIFE SEN HEH0

O %rﬂm Vel % Tib R, Coibie @

MARCELO MOLENTO-Pod ~ : VIVIEN PATRICIA GARBIN- i RODRIGO MORAIS-Pod Bife : MARIA MARQUES - Pod Bife { JENNIFERBISCARRA-Pod i CARLA MOLENTO - PodBife i
Bife Sem Bicho #6 Pod Bife Sem Bicho £5 Sem Bicho £4 Sem Bicho #3 Bife Sem Bicho £2 Sem Bicho #1

s - hé 2 meses 7 visualizagbes - hé 4 meses visuslizagBes - hi 5 mese: 6uisuslizagdes - haGmeses  BRuisuslizaghes - hd7meses 158 visualizagBes - ha 8 meses

FIGURE 7. YOUTUBE CHANNEL WHERE THE PODCASTS OF POD BIFE SEM
BICHO, PART OF THE EXTENSION PROJECT BIFE SEM BICHO FROM THE
CELLULAR ANIMAL SCIENCE LABORATORY (ZOOCEL), FEDERAL UNIVERSITY
OF PARANA, FROM FEBRUARY 2023 ARE POSTED SINCE FEBRUARY 2023.

The first video was a glossary covering essential terminology in cellular animal
science. The following six videos are videocasts where extension project member’s
interview researchers involved in cellular agriculture. The interviews explored topics
such as animal welfare, professional training for the field, the integration of rural
producers into the alternative protein production chain, potential social impacts, and
appropriate terminology to use for alternative proteins in Brazilian Portuguese, and
global health. The Zoocel YouTube channel has 52 subscribers and a total of 600
views. Additionally, the channel achieved 4,3 thousand impressions, representing the

frequency with which video were shown to viewers.

5.3.4 Miscellaneous

For planning and execution of many of the works already completed and those
in progress, certain partnerships have been fundamental for the Cellular Animal
Science Laboratory. The Good Food Institute (GFIl) was instrumental in initial
educational initiatives carried out by our group, providing important collaboration
involving the Technion University of Israel, which made a significant contribution of
educational materials. More recently, Zoocel group was able to contribute to the

development of a teaching plan currently made available by GFI Brazil (GFI, 2022).
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The partnership with Global Action in the Interest of Animals (GAIA, a Belgian
NGO based in Brussels) focused on the social impacts of alternative meats and
resulted in three scientific publications, which can be considered the inauguration of
the scientific approach to the social impacts of alternative proteins in Brazil: The
expected impact of cultivated and plant-based meats on jobs: The views of experts
from Brazil, the United States and Europe (Morais-da-Silva et al., 2022a) in the
journal Humanities and Social Sciences Communications; The social impacts of a
transition from conventional to cultivated and plant-based meats: Evidence from
Brazil (Morais-da-Silva et al., 2022b) in the journal Food Policy; and The social
impact of cultivated and plant-based meats as radical innovations in the food chain:
Views from Brazil, the United States and Europe (Morais-da-Silva et al., 2022c) in the
journal Frontiers in Sustainable Food Systems.

The partnership with Curtin University in Australia facilitated joint activities
related to understanding the needs of farmers in the context of new food production
systems, leading to the publication of the article Will the cows and chickens come
home? Perspectives of Australian and Brazilian beef and poultry farmers towards
diversification (Bogueva et al., 2023) in the journal Sustainability. Negotiations with
the University of Alberta in Canada resulted in the signing of a memorandum of
understanding between the institution and the State of Parana's funding agency,
Fundacao Araucaria, for the mobility of up to 10 students per year between research
institutions in Parana and the Canadian university. Similarly, there is also a
partnership with Wageningen University in the Netherlands in synergy with Zoocel,
hence the coordinator of this proposal was invited to participate as a visiting
researcher within the scope of a project funded by the Dutch government to develop
the production of milk and derivatives through precision fermentation. Thus, the
international universities with which the Zoocel group maintains partnerships are
establishing permanent institutional research and teaching structures in the field of
alternative proteins, creating high-potential scenarios for joint work in the coming
years.

The Pollination Project Foundation (TPPF) focuses on global transformation
and social change; although it emphasizes small grants, the partnership between our
team and TPPF was crucial as it provided the necessary resources for the founding
of Brazilian Association of Cellular Agriculture (Cell Ag Brazil). Currently, Cell Ag
Brazil is part of the Network of Cellular Agriculture (NCA), in which the Cell Ags
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Greece, Portugal, the Netherlands, Italy, Germany, the UK, and Canada, among
others, also participate. The Cell Ag Brazil is expected to contribute by promoting and
accelerating cellular agriculture and by acting as a facilitator of national and
international dialogue on emerging technologies for food production. In a second
round of support, TPPF significantly contributed to the organization of the |
International Cell Ag Brazil Conference and the | NAPI Alternative Proteins Meeting.
During the event, the recently published book Cultivated Meat: Technologies,
Commercialization and Challenges (Soccol et al.,, 2024) published by Springer
Nature was launched. This book was edited by four UFPR professors involved with
the NAPI Alternative Proteins, and features contributions from members of the group
as well as the work of additional Brazilian researchers in an array of institutions and
States, providing a solid platform for the dissemination of Brazilian excellence in
research regarding alternative proteins.

Additionally, undergraduate students from the Veterinary Medicine and Animal
Science programs at UFPR, along with graduate students in Veterinary Sciences
from the Animal Welfare and Cellular Animal Science laboratories, have recently
created the Alternative Protein Project (APP) UFPR. The Alt Protein Project is a
global student movement dedicated to transforming universities into engines for
alternative protein education, research, and innovation. Students at all levels of
training, from first-year undergraduates to graduate students about to defend their
theses, are the driving force behind the Alt Protein Project, which is gaining
momentum at universities worldwide. There are currently 79 universities involved
globally, with six in Brazil. In addition to UFPR, the Federal University of Minas
Gerais (UFMG), Federal University of Santa Catarina (UFSC), Sao Paulo State
University (UNESP), Sado Paulo University (USP), and UNICAMP (University of

Campinas) have also established their own APPs.

5.4 CONCLUSION

Our results indicate that UFPR is successfully entering the field of cellular
animal science, with advancements in teaching, research, and outreach. The
progression highlights the need for ongoing efforts and a broader expansion of these
three pillars, to encompass an increasing number of students and professionals

interested in the field as well as to support advancements in other institutions. Further
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research and teaching efforts seem warranted to solidify this field at both
undergraduate and postgraduate levels in Brazil.

In terms of teaching, the creation of new courses or the adaptation of existing
ones across different academic programs are the logical next steps. Moreover,
students have expressed a predictable demand for hands-on experience in
alternative protein production techniques. In this context, universities may consider
upgrading their laboratories or establishing new facilities to meet the practical training
demands. The results may then add up to the broad and complex range of
developments required for Brazil to participate in the new food production systems
that are being set up across the world. This may, in turn, strengthen the regional and
national landscape of alternative proteins, contributing to increased sustainability and
ethics in food production. A last word of caution: the time for investments in research
and education is now. If Brazilian institutions are caught with resistance from
incumbents or bureaucratic entanglements, we may repeat the consequences of
previous disruptive innovations to which we did not react in a timely fashion, such as
digital technologies for instance. However, due to the magnitude of agricultural
activities in our country, this can be a completely different story. Will Brazil play a
leadership role in cellular agriculture? The answer depends largely on what we do
now.
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6 CELLULAR AGRICULTURE EDUCATION IN BRAZILIAN UNDERGRADUATE
PROGRAMS: NOT AS FAR AS IT SEEMS

ABSTRACT

Cellular agriculture has the potential to transform global food production through
alternative proteins, necessitating a skilled workforce. This study aimed to analyze
the syllabi of Brazilian graduate programs related to food production to identify those
addressing cellular agriculture topics. We reviewed nineteen undergraduate curricula
from Veterinary Medicine, Animal Science, Bioprocess and Biotechnology
Engineering, and Food Engineering across twelve institutions. These were compared
with the syllabus of the Introduction to Cellular Animal Science course at UFPR and
the undergraduate minor in Cellular Agriculture at Tufts University, as well as
knowledge required for cultivated meat production. Our comparative analysis found
that courses such as Microbiology and Biochemistry exhibited 100% similarity, while
Statistics and Economics (94.7%) and Cellular Biology and Genetics (68.4%) also
showed consistent content. In contrast, courses in Sustainability (94.7%),
Administration and Entrepreneurship (89.5%), and others revealed significant
variability. The study concludes that existing programs provide foundational
knowledge for professionals entering this emerging field, but further specialization is
necessary. Additionally, our findings could inform the development of new curricula
specifically designed to prepare professionals for careers in cellular agriculture.

Keywords: Cellular animal science. Courses. Curriculum. Professionals.

6.1 INTRODUCTION

Conventional meat production systems present challenges such as
environmental impacts, animal welfare and public health issues, lack of food security,
and sustainability problems (Post et al., 2020). Future technologies and systemic
innovation are critical for the transformation that the global food system needs
(Herrero et al., 2020). The global animal products industry has come under
increasing scrutiny in recent years due to the magnitude of its environmental, ethical,
and human health impacts (Scollan et al., 2010). These concerns, coupled with
projections that the demand for protein products will continue to rise over the coming
decades mean that there is an urgent need for new methods of food protein
production that are more sustainable and ethical. In such scenario, cultivated meat
production presents a potential alternative for producing animal protein, as it is
potentially more sustainable (Zhao et al., 2020) and uncoupled with animal suffering
and killing (Heidemann et al., 2020).

Cultivated meat is produced by culturing muscle tissue from a collection of

cells from a live animal, and the tissue samples are submitted for cell isolation,



112

multiplication, and differentiation to produce meat (Ong et al., 2020). For the
development of cultivated meat, some techniques used are the same ones that
pioneered other cell culture applications in the field of biotechnology (Specht et al.,
2018). It is a technology that works as part of the broader field of cellular agriculture
and in collaboration with innovation in the field of plant-based proteins (Stephens et
al., 2018).

Studies have shown that cultivated meat production emits substantially less
greenhouse gases and requires only a fraction of land compared to conventional
meat production. While water use in cultivated meat production is lower when
compared to the production of conventional meat, it is higher compared to
conventional poultry production. However, the high energy requirement may remain a
challenge for the cultivated meat production (Tuomisto, 2014). In addition, cultivated
meat can improve animal welfare, reduce zoonotic and food-borne diseases, and
reduce the use of environmental resources, promoting reforestation and the
protection of wildlife; furthermore, by controlling the process, it is possible to create a
product with greater benefits to human health (Bhat et al., 2015).

As investments increase at an accelerated pace, it is expected that cultivated
meat products will gradually reach the markets in the coming years (Godfray, 2019),
and since it does not rely on animal farming, significant transformations in the
conventional meat chain are likely (Reis et al., 2020). This implies
opportunities for professionals who have fundamental roles in the conventional meat
chain, such as veterinarians and animal scientists, as well as professionals involved
in the food industry such as food engineers, bioprocess engineers, and
biotechnologists, among others that has knowledge in genetics, nutrition, human
health, cell development, management, as well as processing, packaging, marketing,
control, and inspection of meat (Heidemann et al., 2020). In addition to this
knowledge, professionals who play key roles in reducing resistance, aiding farmers in
transitioning to alternative meats, preventing animal disease and suffering, and
managing skills such as supply chain management will be crucial (Morais-da-Silva, et
al., 2022b). Once the necessary knowledge for professionals aiming to work in the
alternative protein field is recognized, it becomes possible to identify which courses
already offers subjects that meet these needs and to suggest adaptations to existing
programs that train professionals for the food production sector. In Brazilian higher

education, curriculum structures are based on National Curricular Guidelines to
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ensure quality standards. For Veterinary Medicine, these guidelines mandate that
programs equip Vveterinarians with knowledge across agricultural and health
sciences, including animal production, food production, and public health, while
adapting to changes in technology and law. In Animal Science, the guidelines
emphasize providing a solid foundation in scientific and technological knowledge,
ethical awareness, and the ability to manage animal production systems within
various market contexts (MEC, 2024). For the Bioprocess and Biotechnology
Engineering program, regulated by CONFEA resolution 1108, graduates are trained
to work with biological systems in health, agriculture, food, energy, environment, and
more. The Food Engineering program, regulated by resolution 2 of April 24, 2019,
focuses on equipping professionals to research, develop, and apply new
technologies with innovative and entrepreneurial skills to address various challenges
(CONFEA, 2018).

The relevance of the scope of the four undergraduate programs concerning
new forms of animal-origin products or similar foods presents a positive scenario, as
there is a need for education to expand the pool of scientists and engineers entering
the field of alternative proteins (GFI, 2022). With greater numbers of programs and
courses in the area of alternative proteins, there will likely be an increase in the
number of highly qualified graduates seeking careers in this field.

It will also lead to the establishment of new businesses and institutes,
facilitating market competition and scientific collaboration with a greater
likelihood of generating products and ideas for the advancement of new industries
(GFI, 2022). Meanwhile, the greater the engagement of different careers, the smaller
tends to be the resistance against new food systems, as  both neophobia and the
fear of job loss are reduced. In reality, increased engagement with cellular agriculture
positively impacts job opportunities (Morais-da-Silva et al., 2021).

Currently, some universities offering courses in the field of cellular agriculture
include Tufts University in Massachusetts and the University of North Carolina (UNC)
in the United States; Nanyang Technological University (NTU) in Singapore; and
Wageningen University & Research in the Netherlands. In Brazil, the State University
of Campinas (UNICAMP) offers a postgraduate course titled Alternative Proteins:
Made from Plants, Fermentation, and Cultivated Meat within its Faculty of Food
Engineering. The Federal University of Minas Gerais (UFMG) was the first Brazilian

University to offer a theoretical-practical course titled Cellular Agriculture in the
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Context of Alternative Protein, where students explored the scientific history of
cultivated meat, discussed the environmental impact of extensive cattle production,
and learned about the industrial bioprocess involved in producing cultivated meat.
The Federal University of Parana (UFPR) has offered five courses on cellular
agriculture since July 2020, both at the undergraduate and postgraduate levels, and
both titled Introduction to Cellular Animal Science.

As teaching initiatives advance, there is a growing need to discuss
education in cellular agriculture in line with the National Curricular Guidelines of
the Ministry of Education in Brazil. This study aims to analyze the syllabi and courses
of some Brazilian undergraduate programs related to food production to identify

those that already cover topics in cellular agriculture.

6.2 MATERIAL AND METHODS

The programs in Veterinary Medicine, Animal Science, and Bioprocess and

Biotechnology Engineering were selected for this study because they are
actively engaged in research on alternative proteins at the Federal University of
Parana (UFPR), where the study was conducted. Additionally, the Food Engineering
program was included due to its critical role in food production and its significant
contribution to the advancement of cellular agriculture. While this study focuses on
these four programs, it is important to note that this selection is not exhaustive, and
other programs may also play a key role in the development of alternative proteins.

For data gathering and the analysis of the curricula and syllabi, we first
accessed the website of the Brazilian Ministry of Education, where a list of all higher
education institutions in the country was available. The following three inclusion
criteria were used: (1) programs offered by federal universities that make (2) their
curricula and syllabi available on the institution's websites, with (3) one institution per
geographical region of the country. No federal university offering the Bioprocess and
Biotechnology Engineering program was found in the Brazilian Midwest region. Thus,
five institutions for each undergraduate program were selected, except for the
Bioprocess and biotechnology Engineering program, for which only four

institutions were chosen. Finally, the sample was composed of 19 programs (Table

1),
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TABLE 1. UNDERGRADUATE PROGRAMS AND FEDERAL UNIVERSITIES PER
REGIONS OF BRAZIL SELECTED FOR THE STUDY CONDUCTED FROM
SEPTEMBER 2021 TO FEBRUARY 2022.

Reglr(;r;; of Undergraduate programs
Veterinary Animal Bioprocess and Biotechnology Food
Medicine Science Engineering Engineering
North UFAC UFAM UFT UFAM
Acre Amazonas Tocantins Amazonas
Northeast UFBA UFBA UFCG UFC
Bahia Bahia Campina Grande Ceara
Midwest UFG UFG NON EXISTENT UFG
Goias Goias Goias
Southeast UFMG UFMG UFRJ UFU
Minas Gerais  Minas Gerais Rio de Janeiro Uberlandia
South UFPR UFPR UFPR UFFS
Parana Parana Parana Fronteira Sul

After the selection of universities, a survey and listing of all the mandatory
courses that make up the curriculum of each of the 19 analyzed courses were
conducted. In total, 1.065 mandatory courses were listed, including 299 courses in
the Veterinary Medicine programs, 284 in Animal Sciences, 210 in Bioprocess and
Biotechnology Engineering, and 272 in Food Engineering. The courses were
separated by undergraduate program and grouped into categories according to their
similarity. For example, all disciplines involving anatomy were grouped into one
category, those involving physiology into another, and so forth. Next, courses and
syllabi that seemed relevant for the teaching of cellular agriculture were selected in a
first general analysis.

A thorough reading of each course syllabus was carried out to identify courses
that presented relevant content. Such courses were divided into two groups: the first
group was composed of courses that presented syllabi with similar contents among
different institutions and programs, here called consolidated courses. The second
group was composed of courses that presented different syllabi according to the
specificity of each course, here called non-consolidated. Syllabi with the same name
but belonging to different institutions and different undergraduate programs were
compared to verify the degree of consolidation. The degree of consolidation was a
measure of how consistent the contents were among programs and institutions and is
not a measure of the quality of the disciplines.

In total, 220 course syllabi from the 19 undergraduate programs were

analyzed, taking into account the stages of the cultivated meat production chain
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(Figure 1), as well as the syllabi of the Undergraduate Minor in Cellular Agriculture
program at Tufts University (Food, Nutrition, and Culture; American Meat; Ecology,
Technology & Sustainability; Reactor Design; Synthetic Biology; Cell & Microbe
Cultivation; Food Systems: From Farm to Table; Sustainability in Action; Practicing in
Food Systems; Mechanics of Materials at the Micro & Nano Scale; Nutrition-Related
Consumer Marketing; Sustainability on the Farm; Sustainability and Food Consumer;
Politics, Policies and Risks in Science and Technology; Entrepreneurship & Strategy;
Technical & Managerial Communication; Creativity, Innovation and Entrepreneurial
Thinking; Entrepreneurial Leadership, Societal Aspects Of Design: Integration,
Innovation, and Impact, Bringing Products to Market and Nutrition and
Entrepreneurship) and the syllabi from the editions of the first cellular animal
science course in Brazil titled Introduction to Cellular Animal Science in the
postgraduate and undergraduate programs at the Federal University of Parana
(Secondary Domestication, Disruptive Innovations, Issues in Conventional Meat
Production, Animal Welfare, Value Chain of Conventional and Cultivated Meat,
Alternative Proteins and Sustainable Development Goals (SDGs), Consumer Market
for Alternative Proteins, Transition for Producers, Social Impacts of Alternative
Proteins, One Health, One Welfare, Industrial Development, Biotechnology
Fundamentals for Alternative Proteins, Food Safety, Technology of Products of
Animal Origin and Inspection of Products of Animal Origin, Education and Research
in Cellular Animal Sciences, New Food System, Investments and Startups in Brazil

and Worldwide, and Cellular Agriculture Associations in Brazil and globally.
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CELL CULTURE

SUPPLIES MULTIPLICATION DIFFERENTIATION PROCESSING
4 QUALITY CONTROL

.

SELLING CARRIAGE MARKETING

FIGURE 1. LIKELY STAGES OF THE CULTIVATED MEAT CHAIN, ADAPTED
FROM MORAIS-DA-SILVA ET AL., 2022A, SANTO ET AL., 2020, AND TUOMISTO,
2014.

6.3 RESULTS

The courses and syllabi identified in the 19 undergraduate programs analyzed

that have content related to cellular agriculture are listed in Table 2.

TABLE 2. CONSOLIDATED, NON-CONSOLIDATED AND RELEVANT COURSES
AND SYLLABI IDENTIFIED AS RELATED TO CELLULAR AGRICULTURE IN THE
19 UNDERGRADUATE PROGRAMS IN THE STUDY CONDUCTED FROM
SEPTEMBER 2021 TO FEBRUARY 2022.

Courses Syllabi

Biochemistry Understand the chemical processes and substances that occur
within living organisms. Study of the biochemical principles
underlying cellular function, metabolism, and molecular biology.

Cellular Biology Fundamental concepts of cellular biology, including cell structure,
function, and processes. Cellular mechanisms and interactions.
Economics Fundamental principles of economics, including the analysis of

Consolidated X . . .
market behaviors, economic policies, and resource allocation.

Economic theories.

Statistics Statistical methods and techniques used for data analysis.
Statistical concepts.

Genetics Principles of inheritance, genetic variation, and the role of
genetics in health and diseases.

Microbiology Biology of microorganisms, their ecological roles, and their

importance in health, industry, and the environment. Identify and
manipulate microorganisms in the laboratory.

Non- Fundamental knowledge and skills in administration and
consolidated entrepreneurship, focusing on the development, management,
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Administration and
Entrepreneurship

and growth of new ventures and the strategic management of
organizations. Provide practical insights and theoretical
foundations in business administration and entrepreneurial
practices.

Biosafety

Foundational knowledge and practical skills necessary for
ensuring safety in laboratories and environments where biological
materials are handled. Biosafety principles, regulations, and
practices to minimize the risks associated with biological hazards
and protect human health, animal welfare, and the environment.

Ethics and
Deontology

Ethical principles and deontological frameworks that guide
professional conduct in various fields, focusing on the moral and
legal obligations of professionals. Ethical dilemmas.

Inspection of Animal
Products

Inspection and regulation of animal products, ensuring compliance
with health, safety, and quality standards. Methodologies,
regulations, and best practices for inspecting animal-derived
products in various stages of production, processing, and
distribution.

Public Health

Principles and practices of public health, focusing on the
promotion and protection of community health. Evaluation and
implementation of health interventions, understanding health
systems, and addressing health disparities to improve overall
public health outcomes.

Sustainability

Sustainability principles and practices, emphasizing the
integration of environmental, social, and economic dimensions.
Assess sustainability challenges, develop sustainable solutions,
and apply sustainability concepts in various sectors.

Technology of
Animal Products

Technology involved in the production, processing, and quality
control of animal products. Safety, quality, and efficiency of
animal-derived products within the food industry.

Animal Cell Culture

Animal cell culture techniques, including the principles, methods,
and applications of culturing animal cells in vitro. Preparation,
maintenance, and manipulation of animal cell cultures, as well as
their use in research, biotechnology, and medical applications.

Fundamentals of
Bioprocess and
Biotechnology
Engineering

Core principles and practices of bioprocessing and biotechnology
engineering, including the design, optimization, and management
of biotechnological systems and processes. Fundamental
concepts of bioprocess engineering, biotechnology applications
and their integration in industrial settings.

Introduction to
Animal Science

Fundaments on animal science, focusing on the biology,
management, and welfare of domesticated animals. Aspects of
animal production, genetics, nutrition, health, and behavior,
equipping students with the knowledge necessary for careers in
animal science and related fields.

Fermentation
Processes

Fermentation processes, including the principles, design, and
optimization of fermentation systems. Biological, chemical, and
engineering aspects of fermentation, as well as the practical
applications in various industries such as food and beverage,
pharmaceuticals, and biofuels.
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From the analysis of syllabi, courses that presented relevant content for the
teaching of cellular agriculture were found in all the studied programs in Brazil, such
as Microbiology and Biochemistry (present in 100% of the programs), Statistics
(94.7%), Economics (94.7%), Cellular Biology (68.4%), and Genetics (68.4%). These
courses were considered consolidated, and the list of institutions and programs that
offered these courses is described in Table 3 (a).

Among the six consolidated courses, four are present in at least one of the

institutions of each of the four programs analyzed: Biochemistry, Statistics,
Economics, and Microbiology. The courses on Cellular Biology and Genetics, which
were present in the curriculum of at least one of the programs in veterinary medicine,
animal science, and bioprocess and biotechnology engineering, were not present in
any of the studied food engineering programs.
The non-consolidated courses, belonging to the second group, include Sustainability
related subjects (present in 94.7% of the programs), Administration and
Entrepreneurship (89.4%), Technology of Animal Products (89.4%), Ethics and
Deontology (57.8%), Inspection of Animal Products (26.3%), Biosafety (21.0%), and
Public Health (21.0%). The list of institutions and programs that offered these
courses is described in Table 3 (b).

Among the six non-consolidated courses, four were present in at least one
institution in each of the four analyzed programs: Sustainability, Administration and
Entrepreneurship, Food Technology, and Ethics and Deontology. In the studied
undergraduate programs of food engineering, no specific courses on Ethics were
found; however, some content on ethics was present within other courses,
demonstrating that the content was offered to students.

In addition, important courses for qualifying students for the cultivated meat
industry and market were present in only a few programs, even though they seem
relevant to all professionals seeking the abilities to work in this new field. Such
courses were Introduction to Animal Science (present in 36.8% of the programs),
Bioreactors (21%), Fundamentals of Bioprocess and Biotechnology Engineering
(21%), Fermentation Processes (15.7%), and Animal Cell Culture (10.5%). The list of

programs that offered such courses is indicated in Table 3 (c).

TABLE 3. COURSES OFFERED (O) OR NOT OFFERED (N) IN THE IDENTIFIED
PROGRAMS OF THE STUDIED INSTITUTES, BASED ON THE SURVEY
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CONDUCTED FROM SEPTEMBER 2021 TO FEBRUARY 2022, DIVIDED INTO
CONSOLIDATED MANDATORY COURSES (A), NON-CONSOLIDATED
MANDATORY COURSES (B), AND MANDATORY RELEVANT COURSES (C).

Veterinary  Animal Science Bioprocess Food

Medicine engineering Engineering
) Q)
5558555555>2 % 5 5 5555
a. Consolidated mandatory courses
Biochemistry OO0OO0O0O0O0OO0OO0ODO0O0O O O O 00O0OO0OO0OO
Cellular Biology OO0OO0OO0OO0ODO0O0OD0DO0ODO0O O O O N NNNNN
Economics OOONOOOOOO O O N OOOO0OCOO
Statistics OO0OO0OO0OO0OO0OOODOON O O OOOO0OO0OO
Genetics OO0OO0OO0OO0OO0O0O0O0OD0OO0O O O N O NNNNN
Microbiology O0OO0O0O0O0O0O0OO0O0ODO O O O O0O0O0ObOO0OO
b. Non-consolidated mandatory courses

Administration and OO0OO0OO0OO0OO0O0OO0OD0OO O O O O OOONN

Entrepreneurship

Biosafety N NNNNNNONNU O O N O NNNNN
Ethics and Deontology OOOOOOOONNU O O N O NNNNN
Inspection of Products OOOOOOOONNN N N N NNNNN
of Animal Origin
Public Health OOONONNNNNN N N N NNNNN
Sustainability OO0OO0O0O0O0OO0OO0OD0O0O O O O O0O0O0O0OONDO
Technology of Products of Animal O O O O O O OO OO O N O O OO0OO0OO0OO
Origin
c. Mandatory relevant courses
Bioreactors N NNNNNNNNNU O O O O NNNNN
Animal Cell Culture N NNNNNNNNNU O O N N NNNNN
Fundamentals of Bioprocess N NNNNNNNNNUO O N O NNONN
Engineering and Biotechnology
Introduction to Animal Science O N O N O O OO NO N N N N NNNNN
Fermentation Processes N NNNNNNNNNU O N N O NNNNDO

6.4 DISCUSSION

The development of cultivated meat production involves a series of biological
principles on how muscle cells are organized in the animal body and aim to generate
complex molecular structures that mimic meat, including muscle fibers, connective
tissue, fat, and blood vessels (Tomiyama et al., 2020). However, replicating such
processes on an industrial scale presents some technical challenges (Hocquette,
2016). Therefore, it may be beneficial to consider a curriculum associated with the

various stages of the production process, such as sourcing inputs, cell cultivation
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itself, product processing, quality control, and the final stages of transportation and
sales.

During the supplies stage, Genetics and Cellular Biology courses present in
the studied programs except for Food Engineering, include relevant contents. In the
Genetics course, topics such as molecular genetics and biotechnology of gene
expression and regulation in eukaryotes are covered. In the Cellular Biology course,
there are topics related to cellular morphofunctional information, understanding of
cells organized in tissues, and functional aspects of the various tissue components of
the animal organism, which are important for the student to understand this phase of
the production process. The initial inputs for cultivated meat are cells that can
multiply and differentiate to develop specialized functionality, also known as stem
cells (Warner, 2019). The cells can be removed from the animals of interest through
a biopsy (Reis et al., 2020), through non-invasive techniques such as body fluids
(blood, milk, urine), shed tissue (hair, feathers, teeth), and umbilical cord. In addition,
when available, a cell line derived from previously extracted cells can be used (Zhang
et al., 2020).

The ex vivo growth of cells requires nutrients in a similar way to the growth of
the cells within the animal organism. In the absence of blood circulation for nutrient
supply and waste removal, the ex vivo cells are bathed in a culture medium, an
important input that provides essential nutrients and cell-signaling substances, such
as carbohydrates, lipids, amino acids, vitamins, growth factors, and hormones
required at different stages (Warner, 2019). The nutrients required for the culture
medium are studied in the discipline of Biochemistry, and present in all programs
studied, with contents related to amino acids, proteins, carbohydrates, lipids,
nucleotides, nucleic acids, biological membranes, vitamins, coenzymes, hormonal
control of metabolism, metabolic interrelationships in animal tissues, and biochemical
studies of animal cells.

A common ingredient in the medium used for stem cell culture has been fetal
bovine serum, a universal supplement containing different proteins and thousands of
small-molecule metabolites at variable concentrations. However, animal origin
components, including fetal bovine serum, introduce risks of contamination and
undefined substances, in addition to violating the ethical principle of using fewer
animals (Post et al., 2020 as ingredient sources. Therefore, current research is

focusing on replacing fetal bovine serum with alternatives, such as those obtained
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through fermentation processes. Thus, precision fermentation technology can have
several functions in the manufacture cultivated meat products. One of them is
synthesizing different components or growth factors such as a human platelet lysate
or insulin-like growth factor 1, which have been identified as potential substitutes for
fetal bovine serum for cell culture (Karnieli et al., 2017). For potential substitutes of
fetal bovine serum, the course entitled Fermentative Processes, present in the
programs of Bioprocess and Biotechnology Engineering and Food Engineering
includes the different variables in growth processes of organisms used in
bioprocesses, their characteristics, and examples of applications with contents such
as introduction to fermentative processes, culture media for industrial fermentation,
and formulation of a culture medium including water, sources of energy and sources
of nitrogen. The Microbiology course, also present in all programs studied, which
harmonizes with the course on Fermentative processes where the latter exists,
includes relevant contents in its syllabus: morphology, cytology, biology, structure,
physiology, metabolism, and genetics of microorganisms, agents, raw materials,
inoculum, culture media, conduct, separation, and purification of products, obtaining
products by fermentation including aerobic and anaerobic routes, industrial
applications, legislation on genetic heritage access, among others.

For the production of supports, the course of Modeling and Simulation, present
in the Bioprocess Engineering program, can provide a basis with contents related to
generic fermentation processes, types of microorganisms, fermenters, and
fermentation processes. In addition, and as is true for fundamental knowledge in
other stages of the cultivated production chain, competencies from other fields not
included in this study are likely relevant, such as Material Sciences and Physics. To
produce structured and thick meat products, cells must be transferred to a support,
also called a scaffold or structure (GFI, 2022). The support is placed inside the
bioreactor and functions as a shelf, where cells are arranged during the
differentiation and maturation phase to build a product more similar to meat (Specht
and Lagally, 2017). The biomaterials of the supports are key components for cellular
agriculture, serving as an integrated support network in which cells expand and
differentiate in an anchorage-dependent manner. This porous network allows the flow
of oxygen and nutrients and waste removal, as well as the removal of products to
maintain cellular metabolic functions and avoid necrotic nuclei formation (Post et al.,

2020). The support can be composed of a hydrogel, a macroporous biomaterial, a
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sponge type, or a combination of both. Fermentation can also be an alternative
method for obtaining cellulose materials to be used as support (Ben-Arye and
Levenberg, 2019).

The second essential step for the production of cultivated meat is cell culture
itself. During this stage, the Cell Culture course, present in Bioprocess Engineering
programs, allows students to acquire knowledge related to cell culture techniques,
preparation of materials and solutions necessary for cell culture, selection of high-
density culture media, and obtaining animal cell products. It also involves studying
the behavior and growth in different bioreactor models, which are fundamental
knowledge for this stage of the process. The proliferation phase aims to produce a
large number of cell duplications while keeping the cells in an undifferentiated and
proliferative state (Bomkamp et al., 2022). In the differentiation phase, cells are
cultivated under conditions that promote their differentiation and maturation. They
may be placed on scaffolds to obtain more structured and thicker products, as
previously mentioned. An ideal scaffold allows the attachment, differentiation, and
maturation of cells in a specified manner, imitating the 3D cytoarchitecture of
conventional meat while enabling continuous perfusion of the culture medium,
analogous to tissue vascularization in living organisms (Bomkamp et al., 2022).

The Bioreactors course, present in Bioprocess Engineering programs, covers
topics such as basic concepts of bioreactors, scaling up, ingredients, and medium
quality. It provides students with the fundamentals for specifying reactors and how to
use them, hence both phases of cell culture, multiplication, and differentiation, occur
within bioreactors. Bioreactors provide the housing and control of the environmental
conditions, such as temperature and oxygen levels, that allow cells to grow (GFl,
2022). In cultivated meat production, certain parameters of the bioreactors need to
change according to the phase of the process. Different factors need to be removed
and added during the proliferation and differentiation phases (Specht, 2018).

Throughout the research and development activities, and likely for the
upstream stages of the cultivated meat chain, it is important for professionals to know
the basics of biosafety regulations. This knowledge is covered in the Biosafety
course, present in Animal Science and Bioprocess Engineering programs. The topics
covered include basic principles of biosafety, biosafety related to facilities, laboratory

organization, and chemical, physical, and biological risks. Such knowledge forms the
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basis for the rationales for the establishment of standard operating procedures to be
used by the large-scale cultivated meat industry.

During the processing stage, certain concepts included in the Technology of
Products of Animal Origin course, present in all studied programs, are relevant to the
training of professionals in the cellular agriculture field. It is important to understand
traditional processes to extend the concepts to cultivated meat products. The
contents of such courses cover topics such as industrialization and preservation of
animal products and by-products, technological aspects of their derivatives and by-
products, technological aspects involved in the preparation and processing of meat
products and derivatives, and regulatory standards. Thus, the courses in this area
are a logical starting point for the teaching of processing aspects of cultivated
products. Meat products considered processed in the traditional meat industry are
meat derivatives that have undergone processing in a way that, when cut, the cut
surface no longer exhibits the characteristics of fresh meat, such as the absence of
muscle fibers (FAO- Food and Agriculture Organization of the United Nations, 2005).
Some cultivated meat products resemble processed meats in terms of their
composition and structure. Processed cultivated meats can be produced through the
proliferation of myoblasts as the raw material, followed by expansion (Ong et al.,
2020). In addition, a further processing phase may be used. For example, minced
cultivated meat can be produced by separately cultivating small pieces of muscle and
adipose tissue on three-dimensional scaffolds and then mixing them to form a ground
meat product (Ong et al., 2020).

Conventional meat production and products pose challenges to public health.
For example, although concerns about food safety are not exclusively linked to
animal-derived foods, many bacterial pathogens responsible for foodborne ilinesses
such as Salmonella, Escherichia coli, Campylobacter, and Listeria reside in the
intestines of animals (Erickson and Doyle, 2012). These concerns are further
amplified by the potential presence of antibiotic-resistant pathogens in meat, which is
a risk associated with the misuse of antibiotics in industrial animal food production
(Haskell et al., 2018). On the other hand, potential food safety risks associated with
cultivated meat involve chemical safety, biosafety, and nutritional safety (Zhang et al.,
2019). The components of the culture medium, additional additives for cell
proliferation and differentiation, scaffold materials, and the use of antibiotics and

hormones must comply with regulations (Chriki and Hocquette, 2020). In this context,
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the Public Health course appears relevant as it enables students to learn about
activities carried out in health surveillance and prepares them to work in various
areas within public health. Additionally, courses related to the Inspection of Products
of Animal Origin provide professionals with knowledge about the risks associated
with inadequate processes from the production stage to the final consumer, including
understanding the regulatory spheres of animal product inspection and the structure
of legislation. Thus, similar processes, but related to the safety and inspection of
cultivated meat products can be included in the syllabus to update these courses and
incorporate alternative proteins.

Large meat processing industries and exporting companies, such as the
Brazilian companies JBS and BRF, are likely to market cultivated products in addition
to conventional animal-derived meat. They are also likely to be involved in distribution
and logistics, with potential consumers being supermarkets, retailers, and fast-food
chains, all analogous to the conventional meat supply chain (Reis et al., 2020).

Knowledge related to the discipline of Economics, present in all studied
programs such as Introduction to Economics and Management of Agri-food
Businesses, market potential determination, analysis for various economic and
financial decision-making, market structure, conduct, and performance, enables
students to understand the organization and functioning of the economy and the
main market structures present in the process.

From a sales perspective, the media is an important source of information for
the public and plays a crucial role in shaping public perceptions of food technologies
(Bryant, 2020). While many consumers recognize the ethical potential and
environmental benefits of cultivated meat, some have concerns about its perceived
lack of naturalness, which can lead to concerns about food safety (Siegrist et al.,
2018). The Good Food Institute (GFI) conducted a nomenclature study to determine
how cultivated meat should be called; the results indicated that the term "cultivated
meat" was among the well-received by consumers. Terms such as "in vitro meat" or
"lab-grown meat" can be derogatory and do not contribute to a favorable public
perception. The terminology used is relevant for the interpretation of much of the
existing research on cultivated meat (GFl, 2016).

Despite the existence of marketing professionals responsible for product
advertising, students need to have some understanding of the subject to comprehend

the market for cultivated meat products. In this regard, the course of Administration
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and Entrepreneurship, present in studied academic programs and with relevant
content, such as culture and entrepreneurial activity, globalization and business
opportunities, entrepreneurship in Brazil, the entrepreneurial process, and business
planning, is important in the professional's education.

In addition to the courses directly involved in the cultivated meat production
process, other disciplines are indirectly involved. Courses related to Sustainability
and the environment, with content related to the contextualization of environmental
changes and their consequences for individual well-being and the relationship among
the environment, ecology, animal farming, and processing of animal-derived products
are relevant for the formation of a critical and ethical professional. This is important
because conventional meat production is one of the main contributors to
environmental degradation. Currently, animal farming uses 26% of the world's land
area for grazing and 29% of total agricultural water use while contributing to 14.5% of
global greenhouse gas emissions (FAO, 2015). Nevertheless, there is a strong
rhetoric of denial (Hannan, 2020). Thus, educating professionals for critical abilities is
of paramount importance, regarding any food production system, including
conventional and cellular production of animal-derived foods.

Some authors argue that cultivated meat does not eliminate animal farming
because some animals need to be raised for their cells to be harvested (Chriqui and
Hocquette, 2020). Additionally, some components of the culture medium are currently
animal-derived, such as chicken embryo extract, fetal bovine serum, or horse serum.
To fulfill the purpose of cultivated meat, which is to avoid animal farming and
slaughter, all animal components must be abolished from the manufacturing process
(Benny et al., 2022). In reality, these issues seem more like challenges to be
overcome than perennial problems, since there is intense research activity to find
alternatives to culture media, and the use of animals as a cell source depends on a
small number of animals that can be kept in sanctuaries without the need for
slaughter. It is likely that the production of meat dissociated from animal slaughter will
positively alter the entire relationship between humans and animals (Heidemann et
al., 2020). In this scenario, courses related to Ethics and Deontology, which aim to
provide the foundations for ethical and legal professional behavior and are present in
all studied academic programs, can be revised to include ethical issues related to the
production and commercialization of cultivated meat products, as well as the

comparison of the ethical issues in other production systems, such as conventional
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and plant-based meat chains. In terms of animal ethics, there is an intrinsic
relationship with Animal Welfare courses.

The course of Statistics, present in all studied programs is relevant for
professionals to understand the highly active research in this field and be able to both
work directly in the research and development of new technologies and to
incorporate state-of-the-art research publications. In recent years, there has been
increasing interest in cultivated meat production (National Academies of Sciences,
2017). Advances have been made by startups and research groups to establish
animal cell lines, improve culture conditions, propose manufacturing platforms, and
even create prototypes for taste testing (Ong et al., 2020). Non-profit organizations
such as The Good Food Institute (GFI) and New Harvest have published various
reports, and teaching support material, and held conferences and lectures to discuss
issues such as the social impacts, feasibility, and food safety regulations of cultivated
products (Waschulin and Specht, 2018). The basis for suggesting the creation of the
two new courses came mostly from courses in bioprocess and biotechnology
engineering programs. This is because of the technical aspects present in the
production of all cultivated meats, which require knowledge and integration of cellular
cultivation techniques, molecular biology, and engineering in the areas of biological
tissues, chemistry, food, mechanics, materials, control, and automation, as well as

biochemistry, bioinformatics, biomaterial science, and technology (GFl, 2022).

6.5 CONCLUSION

Our study has demonstrated that there is a foundational structure in the
curricula of Veterinary Medicine, Animal Science, Bioprocess and Biotechnology
Engineering, and Food Engineering programs of 19 different universities that can
prepare professionals for the field of cellular agriculture in Brazil. We have identified
thirteen mandatory courses that, despite their focus on conventional animal protein
production, can be adapted and expanded to relate to the stages of the cultivated
meat chain. We have also identified five courses present in some studied programs
that have more specific content directly related to the new technology of cultivated
meat production, which can serve as a basis for creating new courses to be
implemented in the curricula of all interested programs. We hope that this initial

contribution serves as a starting point for new curricular proposals in undergraduate
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programs to train professionals with additional capabilities of working in the emerging

field of alternative proteins.
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7 FINAL CONSIDERATIONS

Through this thesis titled "From Introduction to the Production of Cultivated
Meat in Higher Education in Brazil," it was possible to observe that even with Brazil's
growing demand for meat, driven by the increasing population in the country, the
emergence of alternative proteins may change the consumption of proteins in the
future, which will create the need for a well-structured market to meet this demand.

The thesis provided unequivocal evidence for the hypothesis that acceptance
of cultivated meat varies considerably across different regions of Brazil, due to the
country’s vast size, economic disparities, and rich cultural diversity. There is an
urgent need for greater dissemination of information on the topic to promote public
acceptance and understanding. Educational initiatives are pivotal in spreading
knowledge across society, and this is also the case regarding a basic understanding
of cellular agriculture. Among undergraduate students and graduates, there is an
interest in learning about cellular agriculture and in acquiring the necessary skills to
capitalize on the opportunities that this emerging field is likely to offer. Thus, there is
a need for educational programs and practical training to help professionals begin or
deepen their understanding of cellular agriculture.

The pioneering initiative in Brazil by the Federal University of Parana is
pushing for advancements in the field of cellular agriculture, with progresses in the
three pillars of teaching, research, and extension. Such advancements highlight the
need for ongoing efforts and a broader expansion of the three pillars, both to
accommodate the growing number of students and professionals interested in the
field, as well as to support advances in other institutions. Additional research and
teaching efforts are necessary to consolidate this field at both undergraduate and
graduate levels in Brazil. In terms of education, creating new courses or adapting
existing ones across various academic programs seems to be the next logical step.

This work identified a foundational structure within the curricula of Veterinary
Medicine, Animal Science, Bioprocess Engineering, Biotechnology, and Food
Engineering programs that can aid in preparing professionals for the field of cellular
agriculture in Brazil. We identified thirteen compulsory courses that, despite focusing
on conventional animal protein production, can be adapted and expanded to relate to
knowledge that is relevant for the cultivated meat production system, from upstream

inputs to downstream products and market issues. Additionally, we identified five
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courses in some of the studied programs with content more directly related to the
new cultivated meat production technology, which can serve as a basis for the
creation of new courses to be implemented in the curricula of all interested programs.

In general, it is hoped that this thesis will serve as a foundation for new
curricular proposals in undergraduate programs to train professionals with additional
capabilities to work in the emerging field of alternative proteins, as it is difficult to
predict which type of food protein will be in high demand in the coming decades. Will
Brazil take a leadership role in cellular agriculture? The answer largely depends on

what we do now.
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ARTICLEINFO ABSTRACT

Keywords: As consumer acceptance and overall demand for the different types of meat are important determinanis of the

Altermative protein

new balance between conventional and alternative meats, our goal was to approach the changes in meat demand,

Brazil as affected by the increasingly available alternative meats coupled to the challenges of conventional meat

Cultivated meat
Veganism
Vegetariangsm

including the meat paradox, with emphasis on the Brazilian scenario. Then, some aspects of the demand for
alternative meats are presented, with a brief historical background. As the decisions taken in the present shape

this unprecedented revolution in the way we produce and choose whether to eat meat and, if so, which one, the
details of the transition to alternative meat chains in Brazil are yet to be written. [t seems even more difficult to
predict which food protein items will be in higher demand in the next decades, as new products will Likely
present themselves for their quality as food items as well as for their ethical and environmental attributes.

1. Introduction

The global human population is constantly increasing and devel-
oping, and along with these processes some additional challenges may
arise. An example is the steady increase in meat demand, a contributor
to environmental degradation (Sanch abate, Badilla-Briones, &
Sabate, 2019). Animal production contributes to gas emissions deriving
from land-use changes — especially deforestation — caused by expansion
of pastures and arable land for feed crops. According to the World
Economic Forum (2019), agriculture is responsible for 10-12% of
greenhouse gas emissions, with meat, pouliry and dairy farming pro-
ducing nearly three quarters of that percentage. Other concerns are
related to welfare conditions for most animals raised under industrial-
ized farming conditions and the scale of their slaughter (Webster, 2013).
In 2018, an estimated 68.8 billion chickens, 1.5 billion pigs and 302
million cattle were slaughtered for meat production (Ritchie & Roser,
2019). In addition, the number of aquatic animals worldwide involved is
difficult to estimate, although the dimension of the industry may be
perceived by the 150 million tonnes of seafood which were used for
human consumption in 2016 (FAQ, 2018). In Brazil, 29,7 million cattle,
6 billion chickens and 49,3 million pigs were slaughtered in 2020 (18GE,
2021). Animal production activities are such that the total biomass of
terrestrial animals used for food production is one order of magnitude
higher than that of human beings and two orders of magnitude higher

* Corresponding author.
E-mail eddress: carlamolente@ufpr.br (C.F.M. Molento).

hitps://doi.org/10.1016/j.meatsci. 2022, 100040

than all wild mammals combined (Bar-On, Phillips, & Milo, 2018).

Regardless of the issues associated with conventional meat, the fact is
that many people like to eat it, while simultaneously many people care
for animals and are concerned with the environmental impacts of meat
production. In Brazil, consumer research on opinions and demand for
conventional meat have traditionally shown the importance of taste and
price; however, recent research suggests that other meat attributes may
be gaining importance as well. For example, Marques, Mavad, D
ingues, Borges, and da Silva (2022) reported that the most important
meat attributes in Brazilian consumer’s preferences were healthiness,
safety, animal welfare and environmental impact.

Generally, the decisions about eating meat are complex and con-
sumer attitudes seem constantly reshaping with the changes in under-
lying factors. Examples of such factors are the amount of information
accessed by consumers on the practices involved in conventional meat
production, — e.g., animal suffering and environmental impacts -; in-
creases in consumer purchase power and the availability, quality and
comparative price of conventional meat substitutes. In fact, concerns
about the ethics and environmental consequences of conventional meat
consumption have led to a rapid expansion in the development of sub-
stitutes (Godfray et al., 2018). Such meat substitutes, denominated
alternative proteins, include (1) meat cultivated from the multiplication
of relevant animal cells in bioreactors, (2) meat analogues produced by
molecular combinations of plant ingredients to mimic conventional
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Coordenador{a): GERMANO GLUFKE REIS

Diata de Inicio: 03/05/2021

Data de fim: 100052021

Carga Hordria: B.0 horas

Programagio: - Viséo geral do o curso e do que & came cultivada

- Porque & muito importante falar disto agora

- Came cultivada Tgoing global?: internacionalizagdo e impacios na cadeia

- Ecossistema empreendedor. importéncia & o que dizem as pesguisas

- Estude de caso ecossistena da carne cultivada

- Possibilidades, dessfios e implicagbes
- Fechamento

it M, ropg e Ersigaivi shanselautenticacao Jso - Codigo para autenticaghe: FRGEDTyCd

e ﬁﬁ:{fﬁ SIGQUFPR
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ANNEX 4. CERTIFICATE OF PARTICIPATION IN THE EVENT TITLED “NEW
MEAT BRAZIL 2021”.

CERTIFICADO

Certificamos que

21 DE SETEMDRO 2021

JENNIFER CRISTINA BISCARRA BELLIO

parlicipou da New Meat Brazil, | Férum Internacional de
Carnes Cultivadas e Proteinas Alternativas, no dia 21 de
setembra, com carga horaria total de 8 horas.

R —— Painocinio Coktonio
ALz ambins '@y werrv Boyw  gfi
B

ABEA-SP A fvevs 7 ANR (%) cacd “@cnma

Crgonizogio e Fromogio m i ‘l \n’ Vepeenel
@ Markentin SO-M- aties

M. o f-—!

TRIOKP o

VRN 8 ARG OIGETAL

SmaflesBar 5P
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ANNEX 5. CERTIFICATE OF PRESENTED POSTER IN THE EVENT TITLED
“SEE-U CONFERENCE: SUSTAINABLE DEVELOPMENT GOALS, A GLOBAL
SCIENTIFIC CONFERENCE AT UFPR” IN 2021.

SEE-U

Sustanable Development Goals, a
global scentific conference at UFPR

This certificate is presented to

Jennifer C. Biscarra Bellio

For presenting a scientific poster the SEE-U Conference, held from December 1st to 3rd - 2021,

organized by International Relations Office at Universidade Federal do Parana.
Title: "Cellular Animal Science and University degrees in veterinary and animal sciences"

Curitiba - December 10th, 2021

Drgani .‘:'II "gh Gomm | ttee C{’
"

PR
INTERNACIONAL
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ANNEX 6. CERTIFICATE OF INVITED SPEAKER AT THE EVENT TITLED “SEE-U
CONFERENCE: SUSTAINABLE DEVELOPMENT GOALS, A GLOBAL
SCIENTIFIC CONFERENCE AT UFPR” IN 2021.

SEE-U

Sustainable Development Goals, a
global sdentific conference at UFPR

This certificate is presented to

JENNIFER C. BISCARRA BELLIO

For sharing his/her knowledge as an invited speaker during the SEE-U Conference, held from December 1% to 3"
in the Panel session - DG 12:

Title: “Cellular Animal Science and University degrees in veterinary and animal sciences”

Curitiba — December 10", 2021

; t Cy
Organiging Committes Ly
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ANNEX 7. CERTIFICATE OF PARTICIPATION IN THE EVENT TITLED “I
JORNADA DA CARNE CULTIVADA” IN 2022.

— = " - e _._._- "\';H_

Suinos e Aves

Certificado

Cerifico que Jennifer Cristina Biscarra Bellio pariicipou do | Jornada da Carne Cultivada
, realizado em Concordia/SC, no periodo de 24 a 25 de agosto de 2022, com carga hordria de 16
horas.

Concdrdia, 25 de agosto de 2022

A4 =

=
Everton Luis Krabbe %
Chefe Geral =

Registro

Certificado n® 484/2022. Concordia/SC, 25/08/2022. Registrado eletronicamente por Marisa Matalina Sandrin Cadorin

PROGRAMAGAD
24 de agosto

8h &5 Bn15 - Recepglo
8h15 a5 8h30 - Abertura
8h30 a5 10h - Palesiras
Contexiualizagio da came cultivada, cporunkiates e desafios - Luksmar Paro (JBS)
Agenda de Inovaglio para proteinas alternativas no Brasli - Danilel Trento (Mapa)
5 regulaiiios de came cultivada - Alexandre Cabral (GFI)
10h30 as 12h - Palesiras
Percepgdo dos consumidones braslielros sobre came cullvada - Allce Munz (IFRS)
Visdo do pdblico wegano s00re a carne cultivada - Ricarda Laurino (SWB)
12h a5 12n30 - Dedaies e discussbes
13030 as 14h - Palesira orHine
‘Compaosigan nutriclonal da came radiclonal ¥ came cultlvada - Andreza Campas {Cefet-MG)
14h as 16h - Mesa-redonda com egulpe de came cullivada no BErasll
Enganhana e techdos aplicado a came cultivada - Femanda Berdl (JBS)
[BlomatertaleZcaticlds - Karla Ollvelra
Produgio de came In vitro, bicmeatares, bkllrnpresaan Ana Livia Bovalaty
Cultivo de c2lulas plurlpatentes - Sliviene Novikof
Scaffolds para came cullvada - Aline da Sliva (Cefiet-MG)
16N a5 17000 - Dedaies e discussbess

24 de agosio de 2022

0Bn30 a5 10h - Palestras

Apllcando APPCC na produgdio de came - Carclina Schelbe Angersen |Sanal)

Visdo empreendedora da primelra startup brasiielra de came cultivada - Sibkana Matbs (Ambl Real Food)
Visdo das NOVas EMprEsat & mercata - Sergh Pinto {Cellva Ingredients) jon-line)

10N 35 11n - Debates e discussdes

1130 as 13h - Mesa-redonda on-ine

Valores nutriclonals & sensonals da came - Marle-Piarme Elles-0ury (INRA)

otimizagio g2 Scafolds & miocameadones Nanofibrosos comestivels - Mart-Erk Martens (Gelatex Technalogles)
Came Impressa em 30 - Luclano Pauling 8a Siva {Emorapa Recursos Genetios & Blotecnologla)

13N a5 13030 - Debales & glscu

14n30 38 15n30 - Proposicio de projeto de Inovagdo aberta

Oportunidades e pesqulsa Com profelnas alemativas - Amanda Leltalls (GF1)

Vivian Fedden & Ana Pauls Sastos (EMBrapa Sulncs & Aves)

15030 38 16 - Dedates & dlscussan

160N a5 17n - Conslderagles nals & encemamenta
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ANNEX 8. ORAL PRESENTATION OF THE ABSTRACT “AVOIDING THE RISK
OF DEEPENING INEQUALITIES IN THE FOOD PRODUCTION CHAIN: AN
INITIAL FRAMEWORK FOR HIGHER EDUCATION REGARDING ALTERNATIVE
PROTEINS” AT THE ANNUAL INTERNATIONAL CONFERENCE 2022, IN THE
PANEL NEW GEOGRAPHIES OF FOOD PROTEIN.

Avoiding the risk of deepening inequalities in the food production chain: an initial
frameworkfor higher education regarding alternative proteins

Jennifer Cristina Biscarra Bellio’, Rodrigo Morais da Silva?, Carla Forte Maiolino
Molento'
'Animal Welfare Laboratory, Federal University of Parana

Business and Administration School, Federal University of Parana

Although the benefits of alternative proteins are clear, the transition to the new
production model may bring numerous challenges for meat and grain-producing
countries, especially those in the global south. One of the challenges is the high
degree of technological sophistication of the new chain, which may require workers
with higher qualifications. Globally, there are initiatives for inserting cellular animal
science content into higher education, with actions related to new courses and new
programs. Considering this context, we aim to provide an initial framework for the
adaptation of Brazilian higher education, so that the curricula for professions
involved with conventional animal production incorporate relevant knowledge for
successful engagement with cellular animal science and plant-based production
systems. Initial results show that the current Brazilian curriculum guidelines for
veterinary and animal science programs include courses which may accommodate
information envisioning cellular animal science. Additionally, the offering of an
independent cellular animal science course may contribute to the basic education
and skills for animal scientists and veterinarians to engage with alternative proteins.
Students’ interest in cellular animal science teaching in Brazil has been high.
Education on cellular animal science will likely decrease resistance, accelerate the
transition, allowing for higher levels of engagement in Brazil and thus decreasing
the risk of exacerbating geographical inequalities. Thus, for countries with strong
conventional meat production, improvements in specific curricula may be strategic
to counter the risk of novel inequalities arising from alternative protein chains.



Tuesday 25 October 2022

R. dos Funcionarios, 1540 - Juvevé, Curitiba - PR, 80035-050

To whom it may concem

Confirmation of participation in RGS4BG Annual International
Conference 2022

Jennifer Cristina Biscama Bellio presented the following paper onling:

» Avoiding the risk of deepening inequalities in the food production chain:
an initial framework for higher educafion regarding alternative proteins

at the Royal Geographical Society (with IBG) Annual International

Conference, taking place at Newcastle University and online from Tuesday
30 August to Friday 2 September 2022,

The paper was a part of the 126, New Geographies of Food Protein
session which took place on Thursday 1 September 2022,

We can confimm we have received full registration fees for Jennifer Cristina
Biscamra Bellio's attendance at the conference.

Yours sincerely,

T Sarne

Catherine Souch, PhD
Head, Research and Higher Education

ac2022{@rgs.org

Royal
Geographical
Society
withIBG

Advancing geography
and geagraphical learning

1 Kansingham CGone
London SW 7 24R

O +44 (0020 7581 3000
O +44 (0020 THON 300
@ info@gs.ong

O wwwipEan

Pressdem
Migel Clillead

Dermator
Profegsof Jos Smilh

Fingisimend chasily numbser 20873
AT regisbtion nemisen S 126D
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ANNEX 9. CERTIFICATE OF LECTURE TITLED “ESTRUTURA INICIALPARA
EDUCAGAO SUPERIOR EM PROTEINAS ALTERNATIVAS” IN THE EVENT VI
SEMINARIO DE DEFESA ANIMAL IN 2022.

-

=

Férum Nocional de Protegiio e

Defesa Animal

Universidode Federal do
Parana

CERTIFICADO

Conferimos este certificado a

JENNIFER CRISTINA BISCARRA BELLIO

pela participacde coma PALESTRAMTE no VI Semindrie de Defesa Animal
realizodo de ©2 o 04 de selembro de 2022, no Setor de Ciéncias Agrarias da
Universidade Federal do Parana - Curitiba/PRE.

)

SOMIA PERALLI
FOHSECA

PRESR0OENT]
FOIRLIM RIRCHINAL D PROTICAD | DEFTSA NNMAL

PROGRAMACAO

O2 de selembsre de 2022
Sarin-dsira I7h00: Recepgio « entrega de material

SHIED = FONSCIENCIA E SENCIENCIA ANIAL MO DIREITO CONSTITUCIONAL

JEhQ Teprin da cppacidades foridicen arimals - Profemscr Dautar Vicents e
1Bh30 - Comversa som o piklics

BLOEO 2 - OF ANMATS £ O FUTLRO

18h40 - Da cilula & corne - Amanda Leiisiiy, The Cood Faod Intitue, CF (an-ins]

P A Bl kb i Rl g A
gl:‘s.Dn- “’PE‘R.:%EEER“H-H'"“R‘E doa H}]’Jh‘""' wmvohidas com o carme
e T el WU Pimeck g proteines shimnathes -

Cenaric. 1l » futura da codeic de come cehdor - Mario Cecilic Pintc
il Mot B

03 de setembra de 2022 - Sdbade
BLOCO 3 - O DWREITO AMIMAL E AS CAPACIDADES JURIDICAS DOS ANIMAIS

CTRO0.LR pananehs s unqingris dogmtes fgs ko anjmpin ne Bl
B B g e e T Ameticfe recenten —
M&’:H#“Md" animoia - Senhoro Ano Poula Vasconcelos, Férum
Emm;mmﬂ-dugm onimal - Pralencrn Momique Mosco, MPMC -

020 - Cammraa cam o piblea
1030 - Fomewms

BLOCD 4 - ANIMAIS LISADOS NA PRODUCAD £ NO TRASALHO
1590, Bl g 4 tose cnimsl - Ansies CardsaRieirs, Prometora
P reies T2 B SR BT Lot e - Profeeser Yol

E‘:ﬁ'{ﬁf""‘"’m Brasll sem Caiclos - Taylisan Alen doa Santas,Farm Animal
E_DLE?P-T Exportogon de Godo Vive - Medica veteringria Habdy Wiana, Férum Animal
13030 2 # fpjeopatitugicpalidods fon cios pomcyive, e lAPA oy onimsia de

12040 - Comveesa com o piklies
13H00 - Almage

) |

VICENTE DE PAULA
ATAIDE TUNIOR

COMISSAN CIENTIFCA
UNIVEELIBADE FIDERAL [0 Pakas

N -
e asl, UFPR

BLOCO 5 - RELACASD ENTRE BEM ESTAR ANIMAL £ MEID AMBIENTE
1h39 ¢ Agticujura indyutricl « sxtingSo de sxpicie - Phills Lymbery, Campaslan i
. Cimparha para preeensio de futurca pandumizs - Luls Corloa Sarmienta, Red

i a.‘;:%..  Dirsits Exelégiea: o Diraits
Toga
.

1h30 - Commmras com o pablica
Vil - Recesss

BLOCO & - AMIMAIS NA CENCIA

10, Bl o g oyl g St ) e Conelt
E.’;?.'ém}&t#ﬂfivﬂm“' Araues] - Doutar Arthur Henrigus de Pantes
[HER Eratieis lpre de wae de animais - Madica Veieeinela Teaile Carans,
BRI, - Sammaphon o Fécum Afimal: Clincias e eulas - Dauiers Kaeynn Visis

30 - Comversn tom o piblies
50 - Encarra

e s B o R S o S
04 de setembro de 2022 - Demings

BLOCO 7 - MAUS-TRATOS ADS ANIMAIS

1502 v 4o Pl RE s Askply - Dentor Joud Barrete du Mocede
PR30 - Trafico de orimcia sivestres - Roberto Cabrol, IBAMA - Brasilia/DF fon-line)
Ll}ﬂ(}-hﬂlwim sécnicon periciol - Madico veterinaric Exther Eapejo, Férum Animal

12830 Fificqn Municiepia dy Atspdimpnta 2 Bl VIS caserciail
1hO0 - Canversa cam o pablice
NI - Recesas

BLOCD 8 - ANDMAIS DE COMPANHLA
MR R g et Rt inal e Sty PR - Douters Virlen

22 snjs - Midica veturingsia Michale Erugnaraiia, SESA da
mncial

CARGA HORARIA TOTAL: 16 HORAS
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ANNEX 10. CERTIFICATE OF POSTER PRESENTATION IN THE EVENT VI
ANIMAL DEFENSE SEMINAR INTLITED “ESTRUTURA INICIAL PARA
EDUCAGAO SUPERIOR EM PROTEINAS ALTERNATIVAS NO BRASIL” IN 2022.

FORIN
MRCIINAL DL
PRATECAD F
DIFESH ANIHAL

Férum Nacional de Protec@o e Universidade Federal do
Defesa Animal Parand

CERTIFICADO

Conferimos este certificado as autoras

GEORGIA PAOLINI, JENNIFER CRISTINA BISCARRA BELLIO E
CARLA FORTE MAIOLINO MOLENTO

pelo resumo “Estrutura inicial pora educagdo superior em proteinas
alternativas no Brasil" apresentado na forma de péster no VI Seminario de
Defesa Animal realizado de O2 a O4 de setembro de 2022, no Setor de
Ciéncias Agrarias da Universidade Federal do Parand - Curitiba/PR.

/M' kﬁﬁi%ﬂ\_

SONIA PERALLI VICENTE DE PAULA
FONSECA ATAIDE JUNIOR

. PRESIDEMNTE COMISSAD CIENTIFICA .
FORUM NACIOMAL DE PROTECAD E DEFESA ANIMAL UNIVERSIDWDE FEDERAL DO PARANA
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ANNEX 11. CERTIFICATE OF POSTER PRESENTATION IN THE EVENT VI
ANIMAL DEFENSE SEMINAR TITLED “INTENCAO DE CONSUMO DE CARNE
CELULAR NO BRASIL” IN 2022.

- Aicioun T ETaLL
ST IIIII. UF P R

Férum Nacional de Protegéio e Universidade Federal do
Defesa Animal Parana

CERTIFICADO

Conferimos este certificado as autoras

JENNIFER CRISTINA BISCARRA BELLIO, CABRIELA BUSSI DE
OLIVEIRA E CARLA FORTE MAIOLINO MOLENTO

pelo resumo “Inteng@o de consumo de carne celular no Brasil® apresentado
na forma de péster no VI Semindrio de Defesa Animal realizado de 02 a O4
de setembro de 2022, no Setor de Ciéncias Agrarias da Universidade Federal
do Parand - Curitiba/PR.

-

/,//&4@/ %ﬁg—

SONIA PERALLI VICENTE DE PAULA
FOMSECA ATAIDE JUNIOR

. PRESIDENTE COMISSAD CIENTIFICA )
FORUM MACIONAL DE PROTECAD E DEFESA ANIMAL UNIVERSIDMDE FEDERAL DO PARAMA
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ANNEX 12. PARTICIPATION IN THE DEVELOPMENT OF THE TEACHING PLAN
FOR COURSES IN ALTERNATIVE PROTEINS, CREATED BY THE GOOD FOOD
INSTITUTE BRAZIL IN 2022.

Programas de
graduacao e
pos-graduacao

-
oL —

.:.-.a /{"}‘

Os conteldos elencados neste Modelo ® Dr. Acacio Zielinski - UFSC
Conceitual se aplicam a composicao de
disciplinas em cursos de graduacdo e pos- ® Dra. Ana Paula Dionisio - EMBRAPA

graduacao nas areas de Ciéncias Agrarias,
Ciéncias Biologicas e Engenharias, como:
Ciéncia de Alimentos, Zootecnia, Agronomia,
Gestdao Ambiental, Medicina Veterinaria,
Biologia, Biotecnologia, Farmacia, Engenharia
de Alimentos, Engenharia Quimica,
Engenharia de Producao, Engenharia de ® Dra. Jaciane Ienczak - UFSC
Bioprocessos e outras relacionadas.

H Dra. Ana Carla Sato - UNICAMP
B Dra. Carla Molento - UFPR

® Dra. Carolina Picone - UNICAMP

B Ma. Jennifer Biscarra - UFPR

COlaboradores ® Dra. Kamilla Swiech - BioImprove

Consultoria em Biotecnologia
Farmacéutica

O GFI agradece a todos os profissionais
que gentilmente aceitaram o convite para
contribuir com o aprimoramento do Plano ® Dr. Rodrigo Silva - UFPR
de Ensino para Disciplinas em Proteinas

Alternativas - Modelo Conceitual: B Dr. Wendel Silveira - UFV

B Dra Luciana Andrade - UFMG
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ANNEX 13. ORAL PRESENTATION FROM THE ACCEPTED ABSTRACT TITLED
“THE POTENCIAL RELEVANCE OF ASSOCIATIONS FOR THE PROGRESS OF
CELLULAR AGRICULTURE: THE CASE OF CELL AGRI BRAZIL" AT THE FIRST
INTERNATIONAL CONFERENCE OF THE PORTUGUESE ASSOCIATION FOR
CELLULAR AGRICULTURE IN 2023.

CellAgri Portugal Conference Abstract Motification | Oral Presentation
IML - Conference Office <conference officei@anl.int=

G, ZTT00E 1744

ParacRncrige Luir Mo da Sive crodrigo monnadesiiofpr brs

Dear Carla Farte Maioling Malento,
Thank you for submitting your abstract far the CellAgri Portugal Confersnce.

On behalf of the arganizing team, we are honoured to announce that your propasal “The potential relevance of ssociations for the progress of cellular agriculture: the case of Cell Agri Brazil® has
been selected as Oral Presentatian

I you did't register yet, please do it here by entering the follawing speaker voucher key in the registration form: CELLAGRICOMEERENCES |
W remind you that you can book a reduced-fee room at the belia Braga Hoeel with the “CellAgri Portugal® proma code (Single ream: 1026/ Dauble rosm: 1176
Kind Regards,

IML Conference Office:

Id: 1047

Key: 00151591A2

Theme: Sustainability and Impact
Presentation: Oral Presentation

Title: The potential relevance of associations for the progress of cellular agriculture: the case of Cell Agri Brazil

Author's: Rodrigo Luiz Morais-Da-Silva (Brazil)'; Juliana Do Canto Olegario (Brazil)"; Jennifer Cristina Biscarra Bellio (Brazil)'; Carla
Forte Maiolino Molento (Brazil)®

Affiliaton’s: 1 - Federal University of Parand

Keyword's: cellular agriculture, stakeholder association, Brazil

Abstract

Cellular agriculture is part of a range of alternative proteins that have the potential to create a new technological paradigm in the
foed production chain. New cell-cultivated foods tend to be more sustainable (Sinke and Odegard, 2021), beneficial for animals
{Heidemann et al,, 2020), and potentially positive from the perspectives of public health and food security (Ong et al, 2021).
However, significant socioeconomic challenges may arise due to the impending changes in the traditional production chain (Morais-
da-Silva et al, 2022).

In this context, associations for the acceleration of the progress of cellular agriculture may play a central role in driving this
transformation, having emerged in recent years primarily in developed countries. The aim of our proposal is to discuss the relevance
of such associations in developing countries, which are typically major food producers. For this purpose, we study the case of the Cell
Agri Brazil Association. Brazil is one of the largest producers and exporters of conventional meat (FAD, 2021) and heavily relies on the
agribusiness sector, which accounts for approximately a quarter of the country’s Gross Domestic Product (CEPEA-CMA, 2021).



Cell Agri Brazil was recently created with the main goal of contributing to the acceleration of the development of the alternative
protein production chain. Its mission includes bringing tegether various stakeholders focused on supperting public policies to ensure
a fair transition for all, gathering the scientific community, establishing a more efficient flow of information within Brazil and with
other countries. It is hoped that the association will play a central role in fostering the replacement of animal use in food production,
disseminating knowledge, and promaoting the normalization of alternative proteins to raise awareness about the problems with
conventional animal proteins. Although Cell Agri Brazil is in its early stages, we expect that its actions will contribute to a profound,
fast and equitable transformation in the food production sector, leaving no one behind. In addition, other countries may reflect on
our propoesal as a model to create their own associations tailored to their specific needs and realities. Finally, Cell Ag Brazil is
expected to contribute to international communication across similar societies, by engaging with supranational societies such as the
Cellular Agriculture Europe and their initiatives.

Acknowledgments

The author CFMM received a research productivity grant from the Brazilian Mational Research and Postgraduate Council. All authors

acknowledge the funding from the State of Parana government for supporting the New Research Arrangement on Innovation in
Alternative Proteins.
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ANNEX 14. CERTIFICATE OF PARTICIPATION IN EXTENSION PROJECT
TITLED “ZOOTECNIA CELULAR: BIFE SEM BICHO? CONHECENDO CARNE,
OVOS, LEITE E DERIVADOS SEM SOFRIMENTO E ABATE DE ANIMAIS” IN

2023.

MINISTERID D EDUCAZAD
UNIVERSIDADE FEDERAL DO PARANA
PRO-REITORIA DE EXTENSAD E CULTURA
COORDEMADORIA DE EXTENSAD

CERTIFICADO

JEMNIFER CRISTINA BISCARRA BELLIO participou come VOLUNTARIO(A) nola) Projeto de Extensio "ZO0TECHIA
CELULAR: BIFE SEM BICHO? CONHECENDO CARNE, OVOS, LEITE E DERIVADOS SEM SOFRIMENTO E ABATE DE
ANIMAIS" coordenade por CARLA FORTE MAIOLING MOLENTO, cumprinde 182h de stividades no pericde de 01/02/2023 a
31/12/2023, promovido peloja) Setor de Cignecias Agrérias da Universidade Federal do Parana.

03 de Julho de 2024

Prof. Dr. Mayara Elita Braz Carneiro Prof. Dr. Mabel Karina Arantes Alves
Pro-Reitor{a) de Extensao e Cultura Coordenador(a) de Extensao

UF—PR ﬁFF[H} SIGCIUFPR
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ANNEX 15. CERTIFICATE OF VOLUNTEER PARTICIPATION IN EXTENSION
PROJECT TITLED “DIVULGA BEA” IN 2023.

MINISTERIO DA EDUCACAD
UNIVERSIDADE FEDERAL DD PARANA
PRO-REITCRIA DE EXTENSAD E CULTURA
COORDENADDRIA DE EXTENSAC

CERTIFICADO

JEMNMIFER: CRISTIMNA BISCARRA BELLIC participou coma VOLUNT.E\RIOI:A} no{a) Projeto de Extensdo "DIVULGA BEA"
coordenado por CARLA FORTE MAIOLING MOLENTO, cumprindo 418h de atividades no periodo de 01/01/2023 a 31/12/2023,
promovide pelo{a) Setor de Ciencias Agrarias da Universidade Federal do Parana.

03 de Julho de 2024

Prof. Dr. Mayara Elita Braz Carmeiro Prof. DrY. Mabel Karina Arantes Alves
Pra-Reitor(a) de Extensdo & Cultura Coordenador(a) de Extenséio

%FHE SIGCUFPR
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ANNEX 16. CERTIFICATE OF PARTICIPATION IN THE EVENT TITLED “II
ENCONTRO DE ZOOTECNIA CELULAR CRMV-PR E UFPR” IN 2023.

i o cidigs Se suteniciede SP0S00. SETATEFL n

SERWG
FLIBLICD
FEOERAL

CERTIFICADO

Certificamos que Jennifer Cristina Biscarra Bellio participou do Il
Encontro de Zootecnia Celular CRMV-PR e UFPR, realizado pelo
Conselho Regional de Medicina Veterinaria do Estado do Parana,
através da sua Comissao Estadual de Bem-estar Animal (CEBEA), em
plataforma online, no dia 17 de agosto de 2023, com carga horaria total
de 5 horas.

Curitiba, 17 de agosto de 2023.

Z‘@v G Q ; " ‘J

Mad, Vot. Redrigo Tivora Mira
Fresidente do CRMW-FR

EVENTO OMLINE PROGRAMACAD

11 ENCONTRO DE

ZOOTECNIA CELULAR

CRMV-PRE UFh

17AG0O

BH a8 13H

wahaLermyv-proang. be

A bakri gl s Parenoeiay - AR Frsinsras Sl @ Sridsbeamreaie
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ANNEX 17. CERTIFICATE OF PARTICIPATION IN THE EVENT TITLED “1°
WEBINAR DE CARNE CULTIVADA DO AMAZONAS” IN 2023.

N
|=(') ;)
ﬁ\%\’ ,:ff’f

-
o

CERTIFICADO

DE PARTICIPACAO

Certificade concedido a:

pela participagte no evento on-line "1° Webinar de Carne
Cultivada do aAmazonas” realizado noe dia 16 de moio de 2023
com duragoo de 4(quatro) horas.

Manaus, 26 de Junho de 2023

Jod@o Paulo Ferreira Rufine

Goordenadar do Evento
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ANNEX 18. CERTIFICATE OF PARTICIPATION IN THE EVENT TITLED
“PROTEINAS ALTERNATIVAS E CENARIOS DISRUPTIVOS: REFLEXOES COM
BASE EM INICIATIVAS EM CURSO NA UNIAO EUROPEIA” IN 2024.

MINISTERID DA EDUCAGAD
UNIVERSIDADE FEDERAL DO PARANA
FPRO-REITORIA DE EXTEMSAD E CULTURA
CODADENADDAIA DE EXTENSAD

CERTIFICADO

JENNIFER CRISTINA BISCARRA BELLIO frequentou ofa) Evento de Extensdo "PROTEINAS ALTERNATIVAS E CENARIOS
DISRUPTIVOS: REFLEXOES COM BASE EM INICIATIVAS EM CURSO NA UNIAD EURCPEIA ", coordenado por GERMANO
GLUFKE REIS, realizado no pericdo de 22/11/2023 a 22/11/2023, promovido peloja) Setor de Ciéncias Sorciais Aplicadas da
Universidade Federal do Parana, obtendo frequéncia 100% e aproveitamento 100, cumprindo 2h conforme Resolugdio 5718 -
CEPE.

18 de Margo de 2024

Prof. Dri. Mayara Elita Braz Carneiro Prof®. Dra. Mabel Karina Arantes Alves
Pre-Reitor{a) de Extensdo e Cultura Coordenzdor(a) de Extensdo

UFPR ﬁF’F{E SIGQUFeR

Evento de Extensdo

PROTEINAS ALTERMATIVAS E CENARIOS DISRUPTIVOS: REFLEXOES COM BASE EM INICIATIVAS EM CURSO MA UNIAD
EUROPEIA

Coordenador{a): GERMAND GLUFKE REIS

Diata de Inicio: 22/11/2023

Data de Finalizagio: 22/11/2023

Atividades vinculada ao participante:

- Profeinas ARamatves & censrices ol srupthre: reflaias oo hass s inidatvas s curss na Unils Sumpsts
1 J4, caniels de valor das proveinas 8 base de plantss: o stats quo o Unio Eumpeis

2)Cansnios & graus de dsrupclo ro agro £ naindosTia o SlmEmos

3) Dehate com moderadores: 20

o ietansan o bripubiauterticacan [ - Codign para ausendcagho: SABTCI20SEBE2S

UFPR ﬁﬂ:{[ﬂ SIgQuFeR
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ANNEX 19. ACCEPTED ABSTRACT: “A GLIMPSE ON STUDENT PERCEPTIONS
OF EDUCATION IN CELLULAR ANIMAL SCIENCE IN A BRAZILIAN
UNIVERSITY" AT THE SECOND INTERNATIONAL CONFERENCE OF THE
PORTUGUESE ASSOCIATION FOR CELLULAR AGRICULTURE IN SEPTEMBER
2024.

M Gmail Jennifer Biscarra <jenniferbiscarra@gmall.com:

ID52 - Accepted Abstract Email - Il INTERNATIONAL CONFERENCE OF THE
PORTUGUESE ASSOCIATION FOR CELLULAR AGRICULTURE

Il INTERNATIONAL CONFERENCE OF THE PORTUGUESE ASSOCIATION FOR CELLULAR 5 de setembro de 2024
AGRICULTURE <noreply@admeus.org> as 0701
Responder a: cellagriportugal @gmail.com

Para: Jennifer Cristina Biscarra Bellio <jenniferbiscarrai@gmail.coms=>

2MD INTERNATIONAL CONFERENCE OF THE
2 PORTUGUESE ASSOCIATION FOR CELLULAR
AGRICULTURE

Date 2024-09-05

Dear Sir { Madam Jennifer Cristina Biscarra Bellio

Your abstract "A Glimpse On Student Perceptions Of Education In Cellular Animal Science In A Brazilian University ® was
acceptad for presentation at the 2nd International Conference of Cellular Agriculture Portugal.

Wa will send you information about the presantation later on.
Kind regards,

Cellsgri Portugal
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ANNEX 20. CO-AUTHORSHIP OF THE CHAPTER “GLOBAL AND REGIONAL
POLICIES FOR CULTIVATED MEAT” IN THE BOOK CULTIVATED MEAT:
TECHNOLOGIES, COMMERCIALIZATION AND CHALLENGES. SPRINGER
NATURE. PUBLISHED IN 2024.

Global and Regional Policies for Cultivated
Meat e

Maria Marques, Rodrigo Luiz Morais-da-Silva, Jennifer C. Biscarra-Bellio,
Mariana Hase Ueta, and Carla Forte Maiolino Molento

Abstract The objective of this chapter is to study how public policies and gover-
nance actions may be addressed to support and accelerate the transition to cell-
based foods as more sustainable and ethical means of protein production and
consumption. In this regard, we assessed different impacts of public policies as
maintainers of the current production system, the structure of policies for transfor-
mative innovations to be applied to cultivated meat, and the structural dimensions of
planning, including supranational, national. and subnational plans. Besides, the
selected concepts of governance actions such as dialogue among stakeholders,
transparency, and inclusion were introduced, as they are regarded as essential for
facilitating a successful transition. Finally, we address the challenges for the devel-
opment of cell-based meat and conclude by emphasizing that public policies and
governance actions are central to this transition, guiding investments, funding and
decisions while considering social, ethical, and technological aspects.

Keywords Public policies - Transformative innovation policy - Planning -
Governance actions - Cultivated meat

M. Marques () - J. C. Biscarra-Bellio

Cellular Animal Science Laboratory, UFPR Federal University of Parana,

Cunitiba, Parand. Brazil

e-mail: mana margues @ufpebr

E. L. Morais-da-Silva

School of Management, UFPR Federal University of Parana, Curitiba, Parand, Brazil

M. H. Ueta
Department of Social Sciences, Wageningen University & Research,
Wageningen, The Netherlands

C. F. M. Molento
Animal Welfare Laboratory & Cellular Animal Science Laboratory,
Federal University of Parand, Curitiba, Parand, Braeil

@ The Authoris), under exclusive license to Springer Nature 359
Switzerland AG 20024

C. K. Soccol et al. {eds.), Cultivared Meat,

https:ffdoi org/ 1010079 78-3-031-55968-6_18
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ANNEX 21. CERTIFICATE OF PARTICIPATION AT THE ORGANIZATION OF THE
EVENT TITLED “lI INTERNATIONAL CONFERENCE & | NAPI ALTERNATIVE
PROTEINS MEETING” IN 2024.

‘Wi o chige da aulericried SE4SES 1 SETATE T 18, it

CERTIFICATE

OF PARTICIPATION

Certificamos que

Jennifer Cristina Biscarra Bellio

participou com éxito como membro da organizagio do evento | Conferéncia Intemnacional
Cell Ag Brazil & | Encontro NAPI Proteinas Altemativas - | International Cell Ag Brazil
Conference & | NAFI| Allernative Proteins Meeting realizado em 08/07/2024 a 11/07/2024,
na cidade de Curitiba, contabilizando carga horaria total de 200 horas.

Curitiba, 08/07/2024 a 11/07/2024

.~ 2
fnes

LA B Proteinas

‘ k Alternativas

y A HaP1
Cell Ag Brazil

i)
P )
[ ;flh]'f]‘tfffff?ié_ T hbel ¥ RO S iz
Carla ’f:'one' Mhioliho Molento Paula Tashimi Matumato Pintro

Prosidant Viea president
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ANNEX 22. CERTIFICATE OF PARTICIPATION AT THE EVENT TITLED “I
INTERNATIONAL CONFERENCE & | NAPI ALTERNATIVE PROTEINS MEETING”
IN 2024.

‘Wi o chige da aulericried SE4SES 1 SETATE T 18, it

CERTIFICATE

OF PARTICIPATION

Certificamos que

Jennifer Cristina Biscarra Bellio

participou com éxito como membro da organizagio do evento | Conferéncia Intemnacional
Cell Ag Brazil & | Encontro NAPI Proteinas Altemativas - | International Cell Ag Brazil
Conference & | NAFI| Allernative Proteins Meeting realizado em 08/07/2024 a 11/07/2024,
na cidade de Curitiba, contabilizando carga horaria total de 200 horas.

Curitiba, 08/07/2024 a 11/07/2024
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Cell Ag Brazil
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Carla ’f:'one Maiclino Molento Paula Tashimi Matumato Pintro
Prosidant Viea president
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ANNEX 23. CERTIFICATE OF PRESENTATION OF THE WORK TITLED
“CELLULAR AGRICULTURE: WHO WANTS TO LEARN ABOUT THIS NEW
TECHNOLOGY?” AT THE | INTERNATIONAL CONFERENCE & | NAPI
ALTERNATIVE PROTEINS MEETING” IN 2024.

Vg o cidigo de AL [=LRN.. ] - arenrid,

CERTIFICATE

OF PRESENTATION

Certificamos que o trabalho

Cellular agriculture: who wants to learn about this new technology?

dos autores Jennifer Cristina Biscara Bellio, Gabrigl Mendes e Cara Forte Maioline Molento foi
apreseniado como Pdster por Gabriel Mendes no evento | Conferéncia Internacional Cell Ag Brazil & |
Encontro MAPI Proteinas Alternativas - | Intemational Call Ag Brazil Conference & | MAP| Altemative
Proteins Maeting realizado em 08M7/2024 a 11/07/2024, na cidade de Curitiba_

Curitiba, 08/07/2024 a 11/07/2024

8%.a.
ey
LAty i Profeinas
K Alternativas
* NAP
Call Ay Brazil
f
A g _--I—}— .
¢ .-’("‘.h]_:",rf‘f PP \i_-"nw{‘;\-;ﬁ,:.-\,ll_\';}_',
1 !
i T | I
Carla Forlg Maioline Molanto Paula Tashimi Matumota Pintro

President Vice president
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ANNEX 24. CERTIFICATE OF ACCEPTED ABSTRACT TITLED “BIFE SEM
BICHO: CONHECENDO A CARNE, OVOS, LEITE E DERIVADOS SEM
SOFRIMENTO E MORTE DE ANIMAIS” AT THE VIl SEMINARIO DE DEFESA
ANIMAL IN 2024.

@ 6 S

CERTIFICADO

Conferimos este certificado acs autores
GABRIEL MEMDES, GABRIELA PLAISANT, GIOVANA DIOGO, ISABELA VALLIM, MARCOS
NOVACHAELLEY, MARIA ANTONIA AGUIAR, SUELLEN GIESTAL, JENNIFER CRISTINA BISCARRA
BELLIO, JULIANA DLEG.ﬁRID. VIVIEM GARBIN E RODRIGO MORAIS DA SILVA E CARLA MOLENTO

pelo resumao
BIFE SEM BICHO: CONHECENDO A CARNE, OVOS, LEITE E
DERIVADOS SEM SOFRIMENTO E MORTE DE ANIMAIS

apresentado na forma de pdster no

VIl SEMINARIO DE DEFESA ANIMAL

Desafios da Sociedade Civil @ do Poder Publico

no Complexo Administrativo do ICMBio, realizado de

22 a 24 de maio de 2024

VA 2ot o EXtansio

Elizabeth MacGregor [Elsa Helena Barreto
Presidents do Fdnsm & Comissho Avaliadora do Farum Nacional de
Protecdo ¢ Defesa dnimal Protecdo ¢ Dafesa Animal
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ANNEX 25. CERTIFICATE OF ACCEPTED ABSTRACT TITLED “INTENGAO DE
CONOSUMO DE CARNE CELULAR NAS CIDADES DE SALVADOR E SAO
PAULO” AT THE VII SEMINARIO DE DEFESA ANIMAL IN 2024.

CERTIFICADO

Conferimos este certificado aos autores
GABRIEL MENDES, JENNIFER CRISTINA BISCARRA
BELLIO E CARLA FORTE MAIOLINO MOLENTO

_ pelo resumo
INTENCAO DE CONSUMO DA CARNE CELULAR NAS
CIDADES DE SALVADOR E SAO PAULO, BRASIL

apresentado na forma de pdster no

VIl SEMINARIO DE DEFESA ANIMAL

Desafios da Sociedade Civil e do Poder Publico

no Complexo Administrativo do ICMBio, realizado de

22 a 24 de maio de 2024

:; ﬂ EEI\)IHI B

do Férum N Comisséo Avaliadora do Férum Nacional de
Prmglo e Defesa Animal Protegao e Defesa Animal
APOIO:

o o S
sl e i L Y T [T
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ANNEX 26. ACCEPTED ABSTRACT TITLED “CELLULAR AGRICULTURE AT
UFPR: RESEARCH, TEACHING, AND EXTENSION INITIATIVES” AT THE 1ST
CONFERENCE ON ALTERNATIVE PROTEINS IN 2024.

CERTIFICATE

We certify that the abstract entitled Cellular Agriculture at UFPR: research,
teaching, and extension initiatives, authored by Gabriel Mendes; Juliana do
Canto Olegério; Jennifer Cristina Biscarra-Bellio; Vivien Patricia Garbin;
Carla Forte Maiolino Molento, was presented in the category Poster at the 1st
Conference on Alternative Proteins held between 29th and 31st of July, in the
Unicamp Convention Center in Campinas, Sao Paulo.
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