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ARTICLE INFO ABSTRACT

Keywords: Brazil is a main global producer, exporter, and consumer of farm animal products. Information about the
A_m_mal welfare knowledge and attitudes of Brazilian citizens and consumers towards the different dimensions of meat pro-
Citizen duction sustainability can support policy discussions and guide the industry to adopt production systems
Consumer . . : . . . . . . .

FEnvironment compatible with societal expectations. Here we provide a historical, social, and economic overview of meat

production and consumption in Brazil, review the scientific literature on Brazilian public attitudes towards meat
production and consumption, and discuss some actions Brazil is taking to develop more sustainable production
systems. We show that Brazilians expect affordable meat products with high organoleptic, sanitary, nutritional
qualities and produced under high ethical standards. The pace of discussions and changes in policies and in meat
production systems needs to accelerate to follow domestic and international demands and the changes in ethical
expectations of society. Constructive dialogue between all interested stakeholders, including citizens and con-

Novel technologies
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sumers, needs to be fostered to design more sustainable meat production systems.

1. Introduction

Animal production in Brazil increased exponentially over the last
decades, making the country a main actor in the global meat market
(Fig. 1). Brazil’s influence tends to expand, as production systems
continue to evolve and adopt specialized technologies (von Keyserlingk
& Hotzel, 2015). In order to guarantee long-term success of Brazil’s
influence on the global meat market, Brazilian meat production has to
achieve sustainable systems. Moreover, the meat industry needs to pay
attention to changing attitudes and consumption habits of the domestic
consumers, given that Brazilians consume 76% of the pork, 74% of the
beef, 70% of the turkey and 68% of the poultry produced in Brazil
(ABIEC, 2022; ABPA, 2022).

A broad concept of agriculture sustainability takes into account
economic, environmental and social aspects, with public attitudes to-
wards the production systems being an essential component of the last
dimension (von Keyserlingk & Hotzel, 2015). Besides these cultural and
economic aspects that shape meat consumption, citizens’ and con-
sumers’ concerns with the impacts of farm animal production are
considered important drivers of industry change; therefore, meat pro-
duction systems and practices that do not account for public attitudes
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prove to be socially unsustainable (Hotzel, 2014). Although this is often
considered an issue for industrialized countries, recent history suggests
that farm animal industries in emerging countries will increasingly face
internal societal demands (von Keyserlingk & Hotzel, 2015). Society’s
permission for animal production systems to operate is referred to as
social license (Hampton, Jones, & McGreevy, 2020). Erosion of the so-
cial license may occur when the public questions animal production
systems or practices and is not listened to by industry and policy makers.
Given the importance of the meat industry to the national economy,
local and international demands regarding animal production systems
may have direct consequences to meat production and consumption in
Brazil.

In this context, information about Brazilian citizens’ and consumers’
attitudes towards the different dimensions of meat production sustain-
ability can support policy discussions and guide the industry to adopt
production systems compatible with societal expectations. In this re-
view, we first provide an overview of farm animal production and
consumption in Brazil, then we discuss the scientific literature on Bra-
zilian public attitudes towards meat production and consumption. Next,
we present the main actions Brazil is taking to respond to the need to
develop more sustainable production systems.
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2. A brief historical, social and economic overview of farm
animal production in Brazil

Brazil is a main global producer, exporter and consumer of farm
animal products, ranking among the top world producers and exporters
for poultry, beef and pork (USDA, 2022). Fig. 1 offers a brief overview of
animal production in Brazil in the last decades. Fig. 1a shows the sharp
increase in global farm animal production, which is associated with the
growth in human population size and wealth, and many societal changes
including industrialization, urbanization and increase in median income
and education levels (von Keyserlingk & Hotzel, 2015). Fig. 1b shows
the changes in production in Brazil during the same period, highlighting
steeper curves in beef and poultry production. This is explained in
Fig. 1c; while pig and sheep production in Brazil is stable, the proportion
of the world’s beef and broilers that is produced in Brazil is growing.
Moreover, Brazil houses a relevant proportion of the billions of food
producing animals reared every year throughout the world (Fig. 1d).

Today, about 100% of the commercially-raised pigs and poultry in
Brazil are reared in intensive housing and feeding systems, with genetic
lines selected for optimal growth and feed conversion, and high use of
antimicrobials (von Keyserlingk & Hotzel, 2015). Cattle are mostly
raised on pasture, but a growing proportion is moving to intensive
housing and grain-based diets, especially dairy and finishing beef cattle,
although data showing this trend are scarce. The use of growth promoter
additives to raise these animals is another issue related to these types of
production systems, and also a concern for the public (Behrens et al.,
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2010; Hotzel, Yunes, Vandresen, Albernaz-Gongcalves, & Woodroffe,
2020). Steroidal growth promoters are not permitted by legislation in
Brazil, but beta agonists for pig finishing and bST to increase milk
production in dairy cows are largely used. Other potential concerns are
antibiotics, widely used as growth promoters and for disease prevention,
mainly in poultry and pig production, as well as drugs used to control
endo and ecto-parasites, mostly in cattle production. Brazil is the second
top consumer of antibiotics, behind China, and is projected to continue
to hold this position in 2030 (Tiseo, Huber, Gilbert, Robinson, & Van
Boeckel, 2020).

Although most of the meat consumed in the Brazilian market is
produced under these systems, the country also produces special prod-
ucts, for example, free of antibiotics or beta-agonists, to attend specific
demands of the domestic and export markets (CIDASC, 2021). Similarly,
humane slaughter, including pre-slaughter stunning is mandated for all
animals in Brazil, but the slaughter of animals according to religious
precepts is allowed in federally certified abattoirs (Brasil, 2021a). It is
estimated that Brazil supplies about 20% of the international Halal and
Kosher meat market (Globo Rural, 2017).

Agriculture has an enormous importance for the Brazilian society,
providing 27% of the GDP, 48% of the exports and approximately 30%
of the jobs, including production, processing and trade, with approxi-
mately 30% related to the animal production sector (CNA, 2021).
Although small family farms do not produce the majority of the food,
they represent 85% of the farms in Brazil, which adds a relevant social
component to this discussion. Family agriculture (which consists of
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Fig. 1. Production of meat (tonnes) in the last six decades in the world (a) and in Brazil (b) according to meat type: beef (blue dashed line), broiler (red dotted line),
pig (orange solid thick line), sheep (black dash-dotted line), and goat (green solid thin line). Proportion of the world’s meat produced in Brazil (c) and proportion of
the world’s animals that are in Brazil (d). Source (FAO, 2022). (For interpretation of the references to colour in this figure legend, the reader is referred to the web

version of this article.)
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small farmers, traditional peoples and communities, settlers of agrarian
reform, foresters, fish farmers, extractivists and fishermen) is the main
responsible for the production of foods that are made available to the
Brazilian population; this sector stands out in the production of the main
staple foods consumed in Brazil, including dairy, beef, pigs and poultry
(IBGE, 2017).

The development of Brazilian agriculture was accompanied by
important demographic changes in the last decades, with a growing
population becoming gradually more urban, educated and relatively
wealthier. In the 1960s the majority of Brazilians (55%) lived in rural
areas and 40% were illiterate. Today an estimated 85% of the 213
million Brazilian citizens live in urban areas and about 23% have post-
secondary schooling (Brasil, 1997; IBGE, 2020). These changes have
impacts on Brazilians’ attitudes and behaviors as meat consumers that
will be discussed in the following sections.

3. Meat consumption in Brazil

Meat consumption has roots in the Brazilian culture before the Eu-
ropean colonization, as hunting was the main feeding source of the
indigenous population and meat was an important component of their
diet (Ribeiro & Corcao, 2013). Animal farming was introduced by the
European colonizers to attend the food needs of the increasing popula-
tion. Meat consumption was associated with higher social standards,
which was accentuated in 1808 by the arrival of the Portuguese royal
family, which was followed by the presence of many court members that
sought the European way of life (Ribeiro & Corcao, 2013). Today meat is
a staple food of Brazilians (Rodrigues et al., 2021) and an important part
of the Brazilian culture (Happer & Wellesley, 2019; Ribeiro & Corcao,
2013); for many, meat eating is a symbol of economic progress (Happer
& Wellesley, 2019). According to different studies, between 57% and
71% of Brazilians consume meat three or more days a week (da Fonseca
& Salay, 2008; GIF, 2021; Hotzel et al., 2020; Vandresen & Hotzel, 2021;
WAP, 2016), with higher consumption among wealthier citizens (IBGE,
2019; Rodrigues et al., 2021).

Poultry is the most consumed meat in the country, followed by beef
and pork (Fig. 2). Besides, fish consumption is approximately 9.5 kg/
inhabitant/year, with a vast regional variation in the type available and
consumed (Brasil, 2022). Other, less consumed meats are other birds,
mostly turkey and duck (0.84 kg/inhabitant/year), sheep and goat meat

Per capita meat consumption in Brazil (kg)
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Fig. 2. Yearly per capita meat consumption (kg) in Brazil from 1990 to 2020
with a forecast for 2021 to 2030 (OECD-FAO, 2021). The data is shown ac-
cording to meat type: beef (blue dashed line), pork (yellow solid line), poultry
(red dotted line), and sheep meat (black dash-dotted line). (For interpretation of
the references to colour in this figure legend, the reader is referred to the web
version of this article.)
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(0.52 kg/inhabitant/year) (ABPA, 2022; CompreRural, 2021) and rabbit
meat (0.08 kg/inhabitant/year) (Szendro, Szabo-Szentgroti, & Szigeti,
2020). Additionally, wildlife hunting is cited as an important source of
food for forest communities in Brazil (Nogueira & Nogueira-Filho,
2011). Total increases in per capita meat consumption in recent years
are related to increased consumption of poultry and pork (Whitton,
Bogueva, Marinova, & Phillips, 2021). There are some regional differ-
ences, considering the three main meats consumed in Brazil: the
Northern region is the largest consumer of beef and chicken among all
regions, while the consumption of pork is higher in the Southern region;
these two regions are also the largest meat consumers in the country
(Schlindwein & Kassouf, 2006). The data mentioned in that study also
shows that meat consumption is slightly higher among rural consumers,
which is explained by greater pork consumption, and that the main
factor explaining variation in total consumption is family income,
although urbanization, women’s schooling and family composition also
influence consumption and expenditure on meats.

In general, lower income Brazilians spend less money and a greater
proportion of their income in food, whereas wealthier consumers spend
a smaller proportion and a greater absolute amount in food; official
census data shows that Brazilian families that make up the highest in-
come class spend 7.6% on food, while families with lower incomes spend
22%; moreover, in absolute values, the wealthiest group spends more
than six times in food products than the lowest income citizens (IBGE,
2019). In 2021 there was a sharp reduction in the consumption of many
foods due to increases in price, most notably beef and other meats, and
especially among the lower income citizens (G1, 2021). Moderate to
severe food insecurity in Brazilian households decreased from 16.8% in
2003 to 11.5% in 2009 and 7.8% in 2013, but this trend reversed in
2017-2018, when 12.7% of the households were classified in the cate-
gory; importantly, the proportion of moderate to severe food insecurity
is greater in rural than urban households (which comprise 13.8% and
86.2% of the population in the country, respectively) (IBGE, 2019).
Related to the type and quality of foods consumed, according to a survey
carried out by the Ministry of Health in 2021, 57% of Brazilians were
classified as overweight and 22% as obese; the document cited as rea-
sons behind these figures the high consumption of ultra-processed foods
and low consumption of vegetables (Vigitel, 2022).

Brazilians’ consumption habits are changing though, with many
adopting flexitarian diets. In parallel with the high consumption of
meat, Brazil is the 16th largest alternative protein market, with plant-
based substitutes moving USD 82.8 million in 2020, a 70% growth
compared to 2015 (Estadao, 2021). According to a nationally repre-
sentative survey carried out in 2018, 14% of Brazilians identify as
vegetarians, a 75% growth compared to 2012 (SVB, 2018). The survey
also showed that 63% of Brazilians would like to reduce their meat
consumption in order to obtain a healthier diet. In another survey with
2000 Brazilians from all regions of the country (GFI, 2020), half of the
participants declared to have reduced their consumption of meat — beef,
poultry, pork and fish — and 39% consumed products of plant origin at
least three times a week in place of products of animal origin. This and
other studies (e.g., Gomez-Luciano, de Aguiar, Vriesekoop, & Urbano,
2019) indicate that the public with a greater predisposition to try
alternative proteins, including plant-, cell- and insect-based proteins, are
women and young consumers. Besides many sociocultural factors, these
developments in consumption habits may be influenced by the Brazilian
dietary guidelines, widely discussed in the media, which recommend
diets with small quantities of foods of animal origin (Monteiro et al.,
2015). Despite the current and historical high meat consumption and
cultural value of meat consumption in Brazil, the social environment
seems favorable to the shift to diets with less meat. For example, a study
comparing four different countries found that most people did not find
vegetarians particularly bothersome and Brazilians were the least
bothered by vegetarians, with admiration of vegetarians being relatively
high in the country (Ruby et al., 2016).
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4. Brazilian citizens’ and consumers’ concerns regarding meat
production systems

Like shown in many different countries (Hobbs, 2021), key criteria
for choice of meat identified among Brazilian consumers are price,
sensory characteristics, freshness, meat appearance, ease to prepare,
healthiness and fat content (Battagin, Panea, & Trindade, 2021; Bona-
migo, Bonamigo, & Molento, 2012; Cunha, Spers, & Zylbersztajn, 2011;
de Andrade, Sobral, Ares, & Deliza, 2016; Hotzel et al., 2020; Teixeira,
Larrain, & Hotzel, 2018; Viana, Silva, & Trindade, 2014). Importantly,
and also comparable to other countries (Grunert, Sonntag, Glanz-
Chanos, & Forum, 2018; Hobbs, 2021; Ortez, Widmar, Thompson, &
Brad Kim, 2022), food safety and impacts on human health often rank as
main concerns among Brazilians in studies about meat purchase and
consumption (Cunha et al.,, 2011; Dill et al.,, 2021) and citizens’
assessment of farm animal production (Teixeira et al., 2018). However,
despite the interest in food safety, only 43% of Brazilians in a study with
2.949 consumers had knowledge about traceability schemes for meat
products that would ensure these traits — though wealthier consumers
were more aware and willing to pay more for labeled products (Brunoro
et al., 2020).

The sociodemographic changes discussed earlier associated with the
growth and industrialization of animal agriculture in Brazil have
resulted in a growing distance between agri-food systems and con-
sumers. Possibly as a consequence, Brazilians know little about how
farm animals are reared (Hotzel et al., 2020; Queiroz, Delfino Barbosa
Filho, Albiero, Brasil, & Melo, 2014; Schaly, de Oliveira, Salviano, & de
Abreu, 2010; WAP, 2016; Yunes, Teixeira, von Keyserlingk, & Hotzel,
2019). This is not a particular characteristic of Brazilian citizens; the
urbanization and distancing from the realities of farming is a globally
described phenomenon (von Keyserlingk & Hotzel, 2015) and the same
trend of consumers’ low awareness has also been reported in several
countries (e.g., Cornish, Raubenheimer, & McGreevy, 2016; Stampa,
Schipmann-Schwarze, & Hamm, 2020; Tomasevic et al., 2020).

Nonetheless, 64% participants in a recent survey declared to be
aware of the farm animal welfare issue (WAP, 2016); in a different
survey, 50% of the participants said that they always or often thought
about how animals were raised when they ate meat (Vandresen &
Hotzel, 2021). Brazilians also express concerns with the level of animal
welfare in Brazilian farms, and consider it especially low in species
known to be reared in intensive confined systems (Comin et al., 2022;
Queiroz et al., 2018; Yunes, von Keyserlingk, & Hotzel, 2017). Studies
investigating Brazilian citizens’ and consumers’ knowledge and atti-
tudes regarding animal production practices or systems indicate that
Brazilians prefer or expect farm animal production systems that yield
high quality products, allow animals to move freely and express natural
behaviors, provide space and good/gentle treatment, and are free of
stress (Behrens et al., 2010; da Rosa et al., 2021; Hotzel et al., 2020; Silva
et al., 2021; Yunes, Osorio-Santos, von Keyserlingk, & Hotzel, 2021).
Humane slaughter is also a concern for Brazilian consumers cited in
some studies (Rucinque, Souza, & Molento, 2017; Szendro et al., 2020;
WAP, 2016). Many Brazilians believe that animal welfare is positively
associated with product quality (Cardoso, von Keyserlingk, & Hotzel,
2019; WAP, 2016), which has also been described in studies in many
different parts of the world (Clark, Stewart, Panzone, Kyriazakis, &
Frewer, 2016). Finally, also consistent with the international literature
(Clark et al., 2016), a greater level of concern is observed among urban
and female citizens (e.g., Hotzel et al., 2020; Vandresen & Hotzel, 2021).

Several studies concluded that Brazilians associate conventional,
intensive systems with poorer animal welfare; in contrast, organic, ag-
roecological, free range, outdoor, or pasture-based systems are equated
to high animal welfare and healthier, higher quality products (Bonamigo
et al., 2012; Cardoso et al., 2019; da Rosa et al., 2021; Teixeira et al.,
2018). Preference for these systems is often associated with perceptions
that the resulting products are free of pesticides, hormones, antibiotics
and other additives, a reason why many consider them more natural and
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healthier (Barone, Nogueira, Guimaraes, & Behrens, 2018; Cardoso
et al., 2019; Hotzel et al., 2020). Perceptions of the naturalness of the
systems, a valued feature of the production and processing systems ac-
cording to studies with Brazilian citizens (Szendro et al., 2020; Van-
dresen & Hotzel, 2021) may explain at least in part these preferences.
Perception of naturalness is known to influence attitudes towards ani-
mal production systems, as many people see natural systems as healthier
and capable of providing better welfare for animals (Clark et al., 2016).
Corroborating these perceptions among the public, in a discussion of the
dietary guidelines issued by the Brazilian government in 2014, Monteiro
et al. (2015) mention that the basis of diets should be more natural and
minimally processed foods, obtained directly from plants or animals.
Perceived naturalness of animal proteins (Clark et al., 2016), as well as
cellular alternatives (Bryant, Anderson, Asher, Green, & Gasteratos,
2019), are known to play an essential role in shaping acceptability and
preferences for these products. The competition from alternative animal
and non-animal protein sources (Chriki et al., 2021) highlights the
relevance of promoting naturalness in the animal production systems. As
discussed by Yunes et al. (2021), given the growing relevance of the
issue for consumers, failure to consider the importance of naturalness of
the meat production systems for consumers may undermine the sus-
tainability of farm animal production.

In contrast, the few studies available suggest that Brazilian con-
sumers’ concerns with the environmental impacts of meat production
may be relatively lower (Barone et al., 2018; Burnier, Spers, & de Bar-
cellos, 2021; Happer & Wellesley, 2019; Teixeira et al., 2018), with
female, urban and wealthier citizens being the most concerned (Chriki
et al., 2021; de Barcellos, Krystallis, de Melo Saab, Kuegler, & Grunert,
2011). Also, consumers’ concern with environmental impacts of meat
production are weakly reflected in purchase behavior (de Barcellos
et al., 2011; Krystallis, Grunert, de Barcellos, Perrea, & Verbeke, 2012).
As discussed by Burnier et al. (2021), although the issue is debated in
political spheres, it does not seem to have reached yet Brazilian con-
sumers, who do not link it to sustainability as much as animal welfare
and traceability of the production process.

Public acceptability of new technologies is another important issue
in the discussion of the social dimension of agriculture sustainability.
Brazilians are supportive of technologies (Castelfranchi, Vilela, Lima,
Moreira, & Massarani, 2013), including their use in agriculture and
animal food production (Cardoso, von Keyserlingk, & Hotzel, 2017;
Valente, Fiedler, Sucha Heidemann, & Molento, 2019). Cell-based meat
(also named cellular, cultivated, synthetic, artificial, in vitro, lab-grown
meat) is a novel technology that may be used to produce muscular tissue
from a sample of cells taken from a live animal and grown artificially.
The product is in the initial steps of development and its success de-
pends, among other factors, on consumers’ acceptance. Some studies
indicated that most Brazilians, especially women, young and highly
educated citizens, would be willing to try cell-based meat, though fewer
would be willing to consume it regularly or to replace conventionally-
produced meat (Chriki et al., 2021; Oliveira, Domingues, & Borges,
2021; Fernandes et al., 2021; Valente et al.,, 2019). Gene editing is
another example of an emerging technology relevant for this discussion.
This biotechnology can be used to modify specific characteristics of in-
terest in a shorter intergenerational interval than conventional genetic
selection, and has been proposed that it can bring solutions for animal
health and welfare issues in farm animal production systems (Menchaca,
2021). Brazilian consumers seem to support genetic engineering of
vegetables and products of biochemical processes like fermentation, but
not of food of animal origin, differences explained by perceived ethical
and moral implications of the use of genetic engineering on animals
(Ribeiro, Barone, & Behrens, 2016). Brazilian farmers and animal pro-
duction stakeholders seem optimistic about the use of gene editing
technologies to improve animal productivity, welfare and health (Yunes,
2021). In contrast, when asked about the possibility of gene editing of
farm animals to improve animal welfare, health or productivity, Bra-
zilian citizens showed less support, based on concerns with potential
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downstream biological and societal risks of gene editing of farm animals
(Yunes et al., 2019; Yunes et al., 2021). Yunes et al. (2021) concluded
that, although the introduction of gene editing in farm production in
Brazil may not face significant public resistance, it may further exacer-
bate already existing concerns of loss of naturalness in intensive farm
animal production.

Precision livestock farming technologies are another example of
emerging technologies that could potentially contribute to more sus-
tainable systems (Schillings, Bennett, & Rose, 2021). These technologies
can be used to monitor and control animal productivity, environmental
impacts, health and welfare parameters in a continuous, real-time and
automated manner. However, ethical concerns have been raised
regarding these technologies, especially the consequences derived from
increasing the distance between humans and the non-human animals
under their care (Stevenson, 2017; Tuyttens, Molento, & Benaissa,
2022). Brazilian farmers’ and consumers’ ethical concerns about these
technologies have not yet been investigated. Given their potential to
generate ethical concerns, it is advisable to learn about public attitudes
towards gene editing and precision technologies before their products
become widespread in the production systems.

4.1. Willingness to pay for meat produced in alternative systems

Compared to other countries (Clark, Stewart, Panzone, Kyriazakis, &
Frewer, 2017), relatively few studies have investigated Brazilians’
willingness to pay for meat that attend their demands and aspirations
(see e.g., Burnier et al., 2021). Brazilian consumers say that concern
with food safety, price, animal welfare, and environmental impacts in-
fluence their purchasing decisions (Dill et al., 2021). Although when
Brazilians buy food the main criteria are price and quality (Bonamigo
et al., 2012; Brunoro et al., 2020; WAP, 2016), some Brazilians say that
they would consider price increases to avoid painful procedures in pigs
acceptable (Hotzel et al., 2020), or would pay for improved chicken
welfare (da Rosa et al., 2021; Teixeira et al., 2018). However, in some
studies consumers said that it is difficult to find animal welfare-friendly
products (da Rosa et al., 2021; Franco, Souza, & Molento, 2018). Other
Brazilian citizens have argued that meat is already expensive for many
consumers and animal welfare is a public good that should be ensured by
the government (Hotzel et al., 2020; Velho, Barcellos, Lengler, Elias, &
Oliveira, 2009).

von Keyserlingk and Hotzel (2015) argued that using consumer
purchasing behavior findings to justify inaction when faced with de-
cisions regarding animal husbandry practices is not socially sustainable.
The fact that attitudes towards production systems not always translate
into purchasing behavior is widely recognized; it is also recognized that
citizens’ and consumers’ attitudes towards animal welfare (Tonsor,
Wolf, & Olynk, 2009), as well as environmental impacts of farm animal
production (Krystallis et al., 2012), can influence policy formation at
national and global levels. In Brazil this may happen through support of
government and retailers’ initiatives discussed below.

4.2. Gaps in knowledge

We have reviewed and discussed the literature on Brazilian con-
sumers’ knowledge, attitudes and behaviors regarding meat production
and consumption. Given the large cultural and socio-economic hetero-
geneity and geographical amplitude of the country, and the extent and
variety of animal production systems, this gives an initial picture that
needs to be completed with further studies. Importantly, it is well
established that consumers are heterogeneous regarding the relative
importance they give to animal food production issues like naturalness,
environmental impact, and animal welfare (Hobbs, 2021). This has been
shown in some Brazilian studies (Barone et al., 2018; de Barcellos et al.,
2011; Teixeira et al., 2018), but there is clearly a need to further expand
investigation in this issue among Brazilian consumers.

We included consumers’ attitudes to new and upcoming technologies

Meat Science 192 (2022) 108893

used in farm animal production in our discussion. It is essential to know
as early as possible the consumers’ attitudes to issues that will continue
to arise or gain prominence, to guide discussions, public policies and
decisions made in the production chain. One example of an issue
scarcely investigated among Brazilian citizens and consumers is the
growing international concern with antimicrobial use in farm animal
production, and the relationship with antimicrobial resistance and
human health. Also, as recently discussed by Hobbs (2021), it is early to
forecast how the COVID-19 pandemic will alter consumers’ perceptions
of the food systems. During the last two years, as pointed out by the
authors, citizens have been made more aware of issues such as farm
animal slaughter and the life of workers of abattoirs, the high level of
concentration of animals in many farms, and the vulnerability of ani-
mals in intensive production farms in exceptional times. How this
knowledge, new for many citizens and consumers, may impact attitudes
to meat production and consumption, is an important topic to
investigate.

5. Public and private actions in Brazil to adapt to sustainability
demands

To achieve the growth and the intensification of the animal pro-
duction systems described earlier, starting in the 60s and 70s the Bra-
zilian government set in motion an aggressive program of modernization
of agriculture. Extension and research centers and programs, animal
science and technical agriculture schools were created to change and
support more intensive systems and spread this new culture throughout
the country (Caporal, 1991). In animal production, the term and
meaning of efficiency became inseparable from productivity and profit
(Domingues, 1960). Decades later, the meat industry needs to deal with
society’s new demands and needs. The definition of efficiency needs to
be adjusted to pressing environmental challenges and the moral values
of society regarding the impacts of animal production on the environ-
ment, humans and non-human animals. This requires policies and ac-
tions that drive the Brazilian meat industry to a sustainable path in
upcoming years. In this section we review some recent actions adopted
in Brazil that may contribute to achieving more sustainable animal
production systems.

Reducing environmental impacts is key to maintaining the economic
and social sustainability of Brazilian animal production in the local and
global scenarios. Analysts warn that international investors are likely to
attribute a greater environmental, social and corporate governance risk
to Brazilian agribusiness companies if the sector remains connected to
environmental degradation (Malafaia, Mores, Casagranda, Barcellos, &
Costa, 2021). Meat production is considered a cause of Amazon defor-
estation, which may impact the industry’s reputation and international
animal products’ market (Ferrante & Fearnside, 2022; Malafaia et al.,
2021). Brazil has two greenhouse gas mandatory reduction targets: one
established in 2009 in the National Climate Change Policy (PNMC); and
the emission reduction target for 2025 entered in the NDC (Nationally
Determined Contribution) that commits to a reduction of net emissions
by 37% by 2025 compared to 2005 and brings an indicative target for
2030 of 43% reduction. However, since 2010, the year of regulation of
the PNMC, the amount of greenhouse gases released into the atmosphere
every year in Brazil has increased by 28.2% (Albuquerque et al., 2020).

Growing global concerns regarding the role of animal production on
antimicrobial resistance and residues in the products and the environ-
ment may force the Brazilian meat industry to change its relationship
with antibiotics. The FAO/WHO/OIE collaboration on antimicrobial
resistance (FAO and WHO, 2019) brought the One Health approach to
the national sphere (Brasil, 2019). The international call by world health
agencies to combat the antimicrobial resistance problem seeks to
establish programs to monitor and foster the rational use of antibiotics.
As a signatory member of the OIE, Brazil has undertaken to establish
guidelines for the use of antibiotics in food-producing animals through
the PAN-BR AGRO Program (Brasil, 2019), with several actions such as
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increasing the awareness of stakeholders about the rational use of an-
tibiotics, monitoring resistant bacteria strains, and promoting legislative
changes in the use of veterinary antibiotics. Improving farm animal
welfare is seen as essential to support the reduction in antibiotic use
(Albernaz-Gongalves, Olmos Antillon, & Hotzel, 2022).

Following the international trend, national and multinational food
corporations started in the mid 2010s to announce commitments to force
a change in their suppliers’ production practices (Maciel, Mol, & Bock,
2015). International agreements are also main drivers for change
regarding farm animal welfare in Brazil. The World Organization for
Animal Health, WOAH, incorporated the promotion of animal welfare
among its missions in the early 2000s (Bayvel, Diesch, & Cross, 2012).
To adjust to international demands regarding farm animal welfare (von
Keyserlingk & Hotzel, 2015), a regulation was introduced by the Min-
istry of Agriculture, Livestock and Food Supply in 2008 (MAPA, 2008).
This regulation treats the issue of farm animals in all the production
phases, stating basic requirements based on the FAWC Five Freedoms
(FAWC, 2012) and referring to specific guidelines to be published for
specific cases. One recent example of a regulation seeking to adjust the
animal industries to international standards is the normative on pig
production published in 2020 (Brasil, 2020), to be implemented be-
tween 2030 and 2045. The most complete normative covering animal
welfare during the whole life of animals is the one regulating organic
production systems (Brasil, 2021a). Humane slaughter in Brazil regu-
lation is periodically updated to follow scientific and technological ad-
vancements (Brasil, 2021).

In response to WOAH initiatives regarding farm animal welfare,
several outreach, education and training activities began to be carried
out in partnerships involving the Ministry of Agriculture, universities,
research centers and NGOs, to disseminate animal welfare initiatives in
Brazil (Maciel et al., 2015; Paranhos da Costa, Huertas, Gallo, & Dalla
Costa, 2012). Actions were seen related to slaughter and transport of
animals (e.g., Hotzel, Mota, Ludtke, & Poletto, 2018; Paranhos da Costa
et al., 2012; Sato et al., 2015), and on farm (Ceballos et al., 2018).
Another result was the growth in interest in animal welfare, observed in
university and technical agriculture colleges, with growing numbers of
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programs and faculties including animal welfare in their curricula, and
especially great interest from students and continued education of pro-
fessionals. For example, in a poll published by Brazilian Federal Council
of Veterinary Medicine (CFMV), animal welfare was the theme chosen
by the greatest proportion (64%) among 4068 veterinarians and 401
animal scientists that responded the survey asking in what areas they
would like to increase their knowledge (CFMV, 2012). Animal welfare
courses within veterinary programs were first offered in Europe in the
mid-80’s, with Brazil following some years later, in the beginning of the
90’s. However, widespread animal welfare teaching is a challenge in
Brazil, as well as leveling up the course contents, considering the
excessive number of veterinary schools in the country. Nonetheless,
some teaching and research centers are increasingly prominent, which
relates to the increasing numbers of Brazilian scientific publications
(Phillips & Molento, 2020), as illustrated in Fig. 3.

6. Implications and conclusions

Meat production, trade and consumption are highly relevant to
Brazil for economic, nutritional, and cultural reasons. Additionally, the
livelihoods of a considerable proportion of the population are related to
this sector. Pressure from international markets is recognized by many
as a key mechanism to change practices to achieve sustainability goals.
Yet, as issues related to sustainable farm animal production gain social
prominence in the country, the meat industry needs to consider the
demands and expectations from local consumers. Brazilian citizens and
consumers have little knowledge about many issues relevant for the
sustainability of the sector but, when asked, express similar views as
reported among citizens from industrialized countries; overall, con-
sumers expect affordable products with high organoleptic, sanitary,
nutritional and ethical standards of production. Also, a majority of
consumers associate animal welfare with product quality and many
believe outdoor and pasture-based systems can offer both. Environ-
mental issues rank lower among Brazilian consumers’ concerns, but this
may change with growing public awareness. The international and do-
mestic markets of the Brazilian meat industry may be undermined if it
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does not address environmental and animal welfare issues. Some dis-
cussions and changes in policies and in the production systems are
already in place that may help the sector face sustainability challenges
and respond to global demands regarding animal welfare, antibiotic use
and environmental impacts of production. However, it is becoming
increasingly clear that the pace of these changes needs to accelerate to
follow the international demands and changes in ethical expectations of
society. Constructive dialogue between all stakeholders of the meat
production chain, including all types of producers and the local con-
sumers, needs to be fostered to design more sustainable meat production
systems. Without dialogue involving all stakeholders, changes may be
forced top-down and fail to consider the interests of local consumers and
producers.
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