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Abstract: Integrating technology into agricultural systems has gained considerable traction, particularly over the last half century. Agricultural systems that incorporate the public’s concerns regarding
farm animal welfare are more likely to be socially accepted in the long term, a key but often forgotten
component of sustainability. Gene editing is a tool that has received considerable attention in the
last five years, given its potential capacity to improve farm animal health, welfare, and production
efficiency. This study aimed to explore the attitudes of Brazilian citizens regarding the applications
of gene editing in cattle that generate offspring without horns; are more resistant to heat; and have
increased muscle tissue. Using a mixed-methods approach, we surveyed participants via face-to-face,
using in-depth interviews (Study 1) and an online questionnaire containing closed-ended questions
(Study 2). Overall, the acceptability of gene editing was low and in cases where support was given
it was highly dependent on the type and purpose of the application proposed. Using gene editing
to improve muscle tissue growth was viewed as less acceptable compared to using gene editing
to reduce heat stress or to produce hornless cattle. Support declined when the application was
perceived to harm animal welfare, to be profit motivated or to reinforce the status quo of intensive
livestock systems. The acceptability of gene editing was reduced when perceptions of risks and
benefits were viewed as unevenly or unfairly distributed among consumers, corporations, different
types of farmers, and the animals. Interviewees did not consider gene editing a “natural” process,
citing dissenting reasons such as the high degree of human interference and the acceleration of
natural processes. Our findings raised several issues that may need to be addressed for gene editing
to comply with the social pillar of sustainable agriculture.
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1. Introduction
The concept of sustainability takes into account economic, environmental and social
aspects [1,2]. However, historically the social pillar has received less attention, likely due
to it including moral values, making it conceptually difficult to quantify. The interactions
between the different stakeholders, animal production practices and concerns about animal
welfare are complex and must be included in discussions when striving for sustainability.
Thus, integrating social sustainability into discussions concerning agri-food systems should
include all perspectives of the different sectors involved in livestock systems, as well
as citizens’ and consumers’ opinion, as only then can socially sustainable solutions be
identified. Failure to include the end users of products of food animal agriculture can result
in consumer demands being expressed in ways (i.e., the legislative sphere) without taking
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into account the needs of producers or the animals [3]. Approaches such as this can cause
great damage to certain segments of the animal production sector, especially small-scale
producers who may have difficulty adapting to abrupt external demands.
The industrialization of agriculture, frequently justified by the pressure to feed a
growing population, has been argued to have come at the expense of the quality of life
of farm animals [4]. In addition, it has come at the expense of an ever-growing distance
between agri-food systems and consumers. Most urban citizens are unaware of the practices adopted in animal production and have little knowledge as to the numbers of farm
animals housed in intensive systems; however, once informed many reject them [5]. Similar responses by members of the public have been shown in Brazil (e.g., [6,7]). Many
“uninformed” stakeholders associate outdoor systems with improved animal welfare and
product quality [8–11]. Thus, the sustainability of production sectors may be challenged if
citizens begin to actively oppose current farm husbandry practices.
The recent discovery of gene editing, a controlled change in the DNA of a living
organism, opens the possibility of solving issues related to animal production [12]. Gene
editing proponents promise solutions for animal health and welfare problems facing the
livestock industries [13,14]. For cattle, the painful process of disbudding could be rendered
unnecessary by inserting into its genome the polled gene, which is natural but not frequent
in the Holstein breed [15]. Inserting the heat tolerance gene (SLICK) commonly found in
Senepol cattle into the genome of Holstein cattle could help increase the thermoregulatory
ability of this widely used dairy breed [16,17]. The insertion of the gene responsible for the
double-muscle phenotype in cattle could potentially increase meat production, while at the
same time potentially improving calving ease in double muscling breeds [18,19].
Among the main advantages cited for gene editing over conventional genetic selection is the possibility of modifying only the characteristics of interest in a much shorter
intergenerational interval than natural selection, while allowing for desired traits to be
phenotypically expressed [20]. Despite these potential benefits, some argue that caution is
needed regarding the safety of the technique [21,22]. Other ethical concerns raised relate to
issues regarding environmental sustainability, human health, animal welfare, as well as
potential social and economic implications, including how the benefits of the technology
will be distributed and how this technology may impact producers [19,23,24]. When asked,
the public appears to base their assessment of this technology on judgments about the end
use of the specific application of genetic modification [25,26]. In general, people show less
support for agricultural uses of genetic modification technologies [27,28], less support for
application to animals than to plants and microorganisms [29–31], and less support for
applications that are associated with production benefits than animal welfare benefits [26].
Unlike other technologies, gene editing has the ability to make rapid changes within
the genome. Therefore, public trust may be eroded, thereby undermining the social
sustainability of the associated industry if negative effects are identified or if no concrete
improvement in the welfare of animals is delivered. In general, the public is more critical of
new food technologies when benefits are not clearly perceived, likely reflecting perceived
risks and moral concerns [27]. In contrast, when technologies are perceived as useful and
morally acceptable, the public may discount risk [32,33]. It follows that when technological
novelties are introduced to the market, personal decisions may be highly influenced by trust
in social institutions, including scientists, industry and governmental institutions [34,35].
The current challenge facing the use of gene editing in food production is not only finding
applicable novel agricultural practices and technologies, but also finding improved ways to
engage in dialogue with society. Ideally, the introduction of novel gene editing technologies
into society is performed in a way that allows thoughtful consideration, informed decisionmaking and trustworthiness on the part of all key actors.
Brazilians are optimistic about technologies [36], including those related with agriculture [7,31] and food production [37]. A previous survey concluded that, although animal
welfare benefits arising from gene editing were predictors of support, perceived risks and
uncertainty may be more determinant of Brazilian public attitudes towards gene editing
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of farm animals [29]. Here, we were interested in the public perception of gene editing
technology when used in cattle; specifically how individuals weigh the risks in view of
potential benefits for animal welfare, production and the environment. Given this scenario, two studies were conducted, using three examples of gene editing applications in
cattle: hornlessness, improved heat resistance or improved muscle growth. The first was a
qualitative study based on face-to-face in-depth interviews, aimed at exploring citizens’
attitudes regarding the use of gene editing to improve animal production or welfare in
cattle (objective 1); the second study used an online questionnaire with closed-ended questions, aimed at assessing citizens’ acceptability of the three applications and the influence
of demographic characteristics (objective 2).
2. Materials and Methods
We used a mixed-methods approach to survey participants to address our objectives.
Using face-to-face in-depth interviews (Study 1; Objective 1); and an online questionnaire
containing closed questions (Study 2; Objective 2). In both studies the volunteer participants were at least 18 years old. Study 1 was approved by the Ethics Committee on
Experimentation of Santa Catarina State University (P. 2.051.639). All procedures in Study
2 followed the ethical principles established by Regulations n. 466/2012 and 510/2016
from CNS, the Brazilian National Health Council, which stipulates that online surveys that
do not identify participants are exempted from evaluation by Ethic Committees. Before
answering the questionnaire, participants had to read an informed consent statement and
accept the conditions of the study, i.e., that participation was voluntary, only people older
than 18-years old could participate, that participation was anonymous, that data would
be used exclusively for the purposes of scientific research, and that participants had the
opportunity to withdraw at any moment by not returning the form. All participants were
required to give consent about their participation (by signing a consent form in the face-toface interviews or clicking a yes button on the online survey) before taking the survey. After
agreeing to participate all participants in both Study 1 and 2 were first asked to provide
socio-demographic information relating to sex, age, education, Brazilian geographic region
of current residence, urban or rural area, their level of association with livestock production
and food consumption patterns.
2.1. Study 1
Study 1 was conducted through structured interviews, which allowed the researcher
to establish a dialogue with the participant based on a question guide designed to elicit
responses on the theme proposed [38]. Participants were recruited during the 16th and
17th Teaching, Research and Extension Week, SEPEX, at the Federal University of Santa
Catarina in Florianopolis, 19 to 21 October 2017 and 18 to 20 October 2018, respectively. The
interviews were conducted in two waves: in 2017 we interviewed 18 participants, analysed
the responses obtained and identified issues that needed to be further explored; therefore,
in 2018 we conducted another 14 interviews. Following the second data analysis it was
determined that no new elements were identified and so it was concluded that the number
of interviews provided good data saturation, i.e., provided an in-depth, diverse and rich
account of the topic.
SEPEX’s visitors were approached by students and invited to participate voluntarily
in a scientific study. During recruitment self-selection bias was minimized by initially
asking potential participants if they would like to participate in a survey about animal
production, with no further specification of the nature of the study. Participants were
then accommodated in front of a computer where the researcher (MCY) introduced the
survey through a brief PowerPoint presentation with 18 slides (Supplement 1). The first 14
slides introduced the gene editing technology and the three examples (hornessless, heat
resistance and double-muscle) with some details on the gene editing technique and the
current animal welfare concerns that led to the belief that the gene editing technology
would provide a viable solution. The last 4 slides provided a list of questions where the
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researcher encouraged participants to discuss their views about: (1) potential benefits and
risks to society, producers and to animals; (2) whether gene editing using genes found in
the species should be considered a genetic modification or could be considered natural;
(3) if they considered any of the gene editing applications more/less acceptable and why;
and (4) who they trusted regarding information on these topics. During the explanation
participants asked questions, made comments and expressed opinions. Only when the
topics listed in the script were not covered by the participant, the interviewer covered
the issue.
Data Analysis
All interviews, which lasted 14 min on average (from 8 to 20 min), were conducted
in Portuguese, recorded and transcribed verbatim by MCY, ZOS, and verified by MJH.
To analyse data we used an inductive (reflexive) thematic analysis that essentially works
“bottom-up” [39,40]. The findings are thus grounded in the interviewees’ responses. Transcripts were read exhaustively for familiarization with the data and discussed among MCY,
ZOS and MJH. These authors coded a subset of the transcripts independently, discussing
their findings until reaching agreement. Then, new transcripts were coded and this process
repeated in an iterative way until agreement was reached. Codes were then developed into
themes, which were again discussed among all authors and refined. After this, titles and
definitions for each theme were generated. Extracts that best represented the themes were
selected and translated to English by MJH and MCY and meaning verified with MvK.
2.2. Study 2
The online questionnaire (Supplement 2) was conducted using the Google forms
platform. Recruitment of participants was conducted using the social media Instagram.
An advertisement (in Portuguese) saying “We want to hear from you. Access the link to
collaborate with our research on the relationship between people and animals” was posted
inviting the public to participate in the survey, without further information on the survey
subject. The Instagram account was created exclusively to share the questionnaire and had
no information on the identity of the authors or the research group. We strategically targeted participants to match the age and gender distribution of the Brazilian population [41].
The questionnaire was initially pilot tested using 20 randomly recruited participants; their
responses were used to refine the questions prior to release.
To introduce the issue, genetic modification was defined as “the process of using
biotechnology to alter an organism’s genetic information (DNA) to produce a certain
characteristic”. Next, the participant was asked how much he/she had heard or w and
how much he/she had heard or read about gene editing of plants, animals or humans. The
participant was then presented a text about the following three examples of gene editing in
dairy cows: hornlessness (POLLED), improved heat resistance (HR) or improved muscle
growth (MG).
The Belgian Blue bovine breed has a gene that allows muscle growth approximately 20%
greater than the breeds generally used in our production systems. A possible alternative
to increase meat production in Brazil, maintaining other characteristics of meat quality,
is to insert this gene in the desired breeds. Do you consider genetic modification of cattle
to produce more meat . . . [image of a Belgian Blue cattle].
In Brazil, most dairy cows are raised on pasture, and in many cases have little or no
access to shade. Dairy breeds have little resistance to heat and suffer from thermal stress.
A possible alternative is to genetically modify cattle so that it has characteristics that
give it greater resistance to heat. This method consists of integrating the ‘slick’ gene
(found in some cattle breeds) in the genome of dairy breeds. As a result, all calves are
born more resistant to heat. Do you consider genetic modification of cattle to make them
more resistant to heat . . . [image of dairy cows at pasture in the shadow].
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In Brazil, almost all dairy cows have their horns removed when they are young by burning or
cutting the cornual tissue. Removing the horns is painful and medication is generally not used to
minimize pain. A possible alternative is to genetically modify cattle so that the horn never grows.
This method consists of integrating a ‘hornless’ gene (found in some cattle breeds) into the genome
of dairy breeds; as a result, all calves are born hornless. Do you consider genetic modification of
cattle so that they do not have horns . . . [image of one horned and one hornless adult cows].
After each example (the order of the three texts was randomized), the participant was
asked to rate the acceptability of the application, on a Likert scale ranging from 1 (not at all
acceptable) to 5 (totally acceptable). Participants were then asked to assess the risk and
benefits of gene editing in cattle, on a Likert scale ranging from 1 (none) to 5 (very high).
Statistical Analysis
In Study 2, 864 responses were obtained; 277, 299 and 288 were presented first the
application to genetically modify cattle to be hornless, improve heat resistance or muscle
growth example, respectively. Participants’ acceptability of the three different applications
was compared using the Wilcoxon test. Responses regarding acceptability were grouped
(1 and 2 = not acceptable, 3 = intermediate, and 4 and 5 = acceptable) for descriptive
purposes. To test for associations between order of presentation or demographic variables
and acceptability of each application, Kruskal–Wallis tests were used, with pairwise comparisons undertaken using Dunn’s procedure utilizing a Bonferroni correction for multiple
comparisons. Differences among groups with p < 0.001 were accepted as representing
significant differences; probability values lower than 0.001 were expressed as p < 0.001. All
the statistical analyses were performed with the R software (R Development Core Team,
Vienna, Austria, 2011).
3. Results
3.1. Study 1. Face-to-Face Interviews
Demographics of interviewees are shown in Table 1. Distribution of sex and age
approximately corresponded to the Brazilian population (IBGE, 2011). All participants
resided in the southern region of Brazil, 97% in urban areas. The majority (94%) of interviewers had undergraduate education. Additionally, 22% participants had grown up with
some contact with farm animal production and 3% had some professional involvement
with agriculture.
Four themes were identified in the qualitative analysis as the most relevant concerns
regarding gene editing of cattle: “Distribution of benefits and risks of gene editing of cattle”,
“Gene editing and the status quo in the food animal production systems”, “Naturalness
of gene editing and violations of the animals’ integrity” and “Who is trustworthy when
seeking information on gene editing?”.
3.1.1. Distribution of Benefits and Risks of Gene Editing of Cattle
A salient concern among the interviewees was the potential down-stream implications
of gene editing of cattle in regard to the animals, consumers, farmers, society, and the
environment (e.g., P27 “I think that the studies are too recent to know if in the future there will
be a consequence or not. So I think that, as a consumer, I prefer to consume meat that has no
genetic improvement”; P31. . . because there are unidentified things, so it is not known if this can
bring something. . . something bad, I don’t know. . . Well, some kind of unknown effect, right?;
P24—Actually, I’m not very much in favour of these things, you know? It seems like playing God.
Like that, right? [explaining that there was no religious connotation in the analogy]. . . you make a
change and you don’t know how it will be passed on from here, I don’t know, six generations . . . ).
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Table 1. Study 1: Demographics of interview participants (n = 32), recruited during the 16th (2017)
and 17th (2018) Teaching, Research and Extension Week at the Federal University of Santa Catarina
in Florianopolis, Brazil.
Demographics
Sex
Female
Male
Age
18 to 24 years old
25 to 34 years old
35 to 44 years old
45 to 54 years old
55 years old and over
Education
Up to high school
Undergraduate education (complete or ongoing)
Postgraduate
Current residence urban
Involvement with livestock production
Not involved
Grew up in an agricultural environment
Student (Agronomy)

Participants
n (%)
15 (47)
17 (53)
6 (19)
11 (34)
5 (16)
6 (19)
3 (9)
2 (6)
15 (50)
14 (44)
31 (97)
24 (75)
7 (22)
1 (3)

All interviewees resided in Southern Brazil.

Many interviewees weighed the benefits for each of these independently, but some
also considered which beneficiaries deserved precedence over others from an ethical
perspective. In general, gene editing applications were considered more acceptable if they
were perceived to reduce animal suffering and less acceptable if they were perceived to
harm the animals (P19—“In the case of the horn, the animal will not suffer as much and in the
case of meat it will give more meat, but the animal will be suffering. You have to worry about that
issue too, right? There is the question of excessive weight, you know, that the animal will suffer. . .
With regard to heat, it is good, controlling this issue of heat for the animal is more complicated, so
it’s a good option. I think it will be a benefit for the animal. . . it will tolerate the heat more and
will not suffer so much; P13—I found the “hornless” one acceptable because it reduces the animal’s
suffering; P17—“. . . look, this last one [double musculature] I don’t see any benefit, because the
quality of life seems to me that it will be terribly reduced)”. Some participants clearly stated that
a premise for acceptability of gene editing of cattle was that the animals should benefit
(P28—“I think that these genetic interventions should be done, but only when there are more benefits
for the animal than for the farmer; P30—It’s a difficult debate, because the ethical question, respect
[for the fact] that it is an animal, [this] is a debate that has to be put into perspective. Mitigating
animal suffering to compensate, eventually, production profit. I think you have to choose mitigation,
for the welfare of the animal . . . )”.
The potential effects of the gene editing applications on consumers were very salient
in the discussions. Many interviewees referred to this when voicing their opposition to
the applications (P6—Does this modification of the gene cause any risk for us who are going to
eat? This is a question I ask. . . ; P15—If it is not healthy for the animal, it is not healthy for us)
but also used similar reasons for justifying support (P29—The animal without a horn will not
interfere with the condition, the milk . . . ). Another argument raised by the participants was
that tampering with the animals’ genetics for human profit has negative moral implications
for society (P22—It does damage to society, because we are becoming a more perverse society,
increasing animal suffering for our profit. This can be considered a bad thing for society; P28—
Because [regarding] the risks, the problem is not knowing how to weigh them, not knowing when to
stop. I think you can go on adding more and more things and creating little monsters that practically
only serve humans and that’s it. If society ends up forgetting that part, they [animals] will gradually
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be replaced, it is also bad. You lose that critical sense of how far to stop. . . ; P21—But I don’t know
how far we need to exploit the animal in this way to obtain profits, do you understand?).
Many participants believed that producers would benefit from the gene editing technology (P30—. . . I mean, the logic is the economic logic, right? The biggest benefit is for the
producer), although some made an exception for small producers (P24—For producers, there
certainly are benefits. . . Because they will use less land. . . the family (farmer), on a small scale,
maybe he won’t have access to that; P22—. . . not every producer, because there are smaller producers,
you know, unfortunately they don’t have the benefits of profit, of progress, they work much more
and have a much lower return . . . ). However, some participants saw economic risks for
producers (P8—I see risks for producers, because at first glance I see loss, because an animal
like this is very expensive, and any failure will result in losses; P31—. . . for producers, too, there
are risks, because they may be investing in a technology that in the end does not give them that
return), with benefits only to large corporations (P30—I am not against genetic progress [I
am a language scientist], but I think that humans have to have very clear ethical standards. The
debate cannot be greed, rapid and growing profit cannot prevail, because the tendency is that large
corporations end up dominating the production process. This is the tendency of both animal genetics
and plant genetics. See the transgenics . . . ).
Gene editing was also referred to as a quick and less laborious way to overcome the
problems of animal production, benefiting producers but at a great cost to the animals. In
the view of these interviewees, farmers were seen to have a duty to take certain measures
to avoid the need to modify the animals (P26—. . . in reality, the main problem is that we
want to change, without changing anything. . . Because, the one who changes, in this case through
technology, is the animal. . . .the problem is in the animal. . . . all of these problems for which genetics
is presented as a possible solution can be overcome in other ways; P23 – They don’t want to plant a
tree, they want to modify the cattle so that they can leave them in the heat, really. They do not want
to plant a tree, so they make them [cattle] put up with the sun).
Some interviewees considered the collective harms and benefits resulting from the
modification of the animals across the different players (P4—For producers. . . yes, they may
have short, medium or long term risks. What if people start to get sick? What if the animals start
to get sick?; P2—. . . there is benefit to animals and to society as well, because it generates more
milk production, as well as economic increase for producers; P9—. . . this [referring to the double
musculature phenotype] is good for the producer, it is good for society and good for the farmer [. . . ] I
think that this cannot be abandoned, I think the benefit is very high; P27—I think the heat-resistant
cattle could be something more acceptable. And [about] the hornless, I still have a certain doubt.
But now the other type, which is the modification to increase the musculature, I don’t see any benefit
for the animal or for anyone). Finally, another issue considered by the interviewees was the
distribution of benefits from gene editing among different groups of humans (P8—When
they discovered the DNA code, I imagined that it would provide benefits. For example, when the
person is 60 years old, he will have cancer so they get it, discover this DNA molecule and make
a change. But this benefit is not reaching us, it is reaching very few people [. . . ] preferentially
the richest).
3.1.2. Gene Editing and the Status Quo in the Food Animal Production Systems
Mixed attitudes were expressed regarding the use of gene editing in cattle as a tool
to improve animal welfare and production in intensive systems. A prevailing perception
conveyed by many of the participants was that gene editing was being proposed to modify
cattle when in fact other changes could be implemented to achieve the same goals. Many
implied that they considered this move as negative, but inevitable.
A few interviewees praised the application of gene editing as a positive contribution
towards the efficiency of animal production systems (P9—“. . . there must be pasture for cattle
to eat, and pasture does not grow under the trees. . . I am pro-technology), or a welcomed tool for
farmers’ that did not use alternative measures, such as planting trees to provide shade or
mitigating pain when disbudding the calves (P14 – “I think it’s just an adaptation advantage.
Because whether we want to or not, they will continue to bring Holstein cattle here, they will not
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stop. So, it is a way for you to try to improve the animal’s welfare”; P23—[referring to POLLED]
at least he didn’t suffer from the dehorning. . . They will have to be without horns anyway, so it
better be in a genetic way that doesn’t hurt.). One interviewee expressed dissatisfaction with
the production systems, conveying that a tacit understanding was that farm animals have
a bad life. However, they also implied that they felt that they had no choice but to accept
alternatives that minimize animal suffering (P21—Well, if the animal is going to have to be
condemned by the exploitation tactic of the . . . [referring to intensive systems]—because that’s
the “vibe” [Brazilian slang for trend], right? I mean, they [producers] are so into it, they will not
go back from that. So, if there is animal wellbeing, I agree. Because, poor thing, if he is condemned
to that, at least we gave him some wellbeing).
Many interviewees suggested that making other types of changes in the different
components of the production system would be more appropriate, simple or fair than gene
editing to achieve the same goal. For instance, participants suggested that provision of
shade or the use of breeds more suited to the climate of the production environment, or
the use of pain mitigation or adapting housing to the animals with horns would be more
palatable than gene editing for these traits (P1—I think that, to make cattle adapt more to heat,
it would be more interesting to invest more in shade than to invest in this genetic thing; P19—If
you can have the shade, the shade would be better; P3—A good thing would be to breed it with
a zebu [a subspecies of cattle that produce less milk but is more resistant to heat], or something
like that.; P16—“. . . create some engineering to protect [meaning the handler]. Or you can use
anti-inflammatory drugs after removing the horn”). Interestingly, even participants that had
favourable views about gene editing commented on aspects of the production system that
could be improved (P1—there would also have to be investment in changing the rearing systems,
not only in genetic improvement, I think it would have to be on both sides).
Some interviewees discussed the education and awareness of producers, assuming
that providing information to producers and reflecting on the practices used would drive
the adoption of new practices in the production systems and make gene editing unnecessary
(P6—The example of sweat glands in the animal, I think it is the one that would most convince me,
because the animal suffers in the heat. But even so I think that farmers can rethink their on-farm
practices and, instead of deforesting, they should understand that shade is part and will not affect
the pasture and will not affect the things that happen there; P1—The question of removing the horns,
it is interesting, but it also comes to the question of education, you know, why not use anaesthesia?).
Interviewees that opposed gene editing to produce higher carcass yields proposed
measures aimed at changing society, rethinking the production systems including their
scale. These interviewees discussed diet diversification, reduction in beef consumption,
and changes in production concepts such as production systems that favoured a longer
life for the animal (P15—So, what to say, it [gene edition for double musculature phenotype]
justifies producing more, but. . . for example, chickens, 30 days you have a chicken ready to eat
and can we say that this is healthy meat for us? Give me a break!. . . How can we justify that?
I think we have to look for other forms of feeding, perhaps; P17—. . . greed in production, in
economics, always wanting to have meat at all times, in a short time. [. . . ] . . . but I think there are
alternative forms, you know. Other types of meats and foods. . . consuming less). Finally, some
interviewees questioned whether the use of gene editing in livestock production would be
in line with what, in their view, would be the correct path for humanity when considering
human health, the environment and feeding the world. Many stated that the reduction in
meat consumption was a more sustainable solution for these problems than gene editing
(P27—From the point of view of consumption, society will have the benefit of having more meat
available, and today we know that society is increasingly carnivorous, that there is a very high
demand for food of animal origin. But I think that, in fact, these improvements will not benefit
society. In fact, society has to be made aware of the need to reduce consumption and so we don’t need
these improvements. The more we produce, the more we will be stimulating consumption—which is
not an interesting consumption, neither from an environmentally sustainable point of view, nor
from a nutritional point of view). One participant questioned whether increased production
is necessary (P11—I think we have to ask ourselves “Does production need to be increased? This
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logic of producing more and more, for what? To feed whom? Are there hungry people? Yes, but it is
not because there is no food).
3.1.3. Naturalness of Gene Editing and Violations of the Animals’ Integrity
For most interviewees gene editing was not natural, but many were also nuanced
in this discussion acknowledging that naturalness is a complex discussion (P26—. . .
natural and artificial is a kind of complicated discussion; P1—It’s a very complicated question,
very complicated indeed). Importantly, loss of naturalness was not necessarily perceived as
negative (P1—. . . it does not mean that it is negative, but for me it is no longer natural). Reasons
to consider gene editing as not natural included the fact that humans had interfered with
nature (P17—. . . it is not natural, you are making changes to it [referring to the cow], humans
are interfering, it is not an evolution of nature, of the animal. . . ; P20—. . . it is no longer natural.
Natural is what I was born with and will die with. Everything that is infiltrated or removed
is not natural), changing the organism (P3—Is that natural to the animal? Historically, or
how did he get to that state. . . growing non-stop?), and the acceleration of natural processes
(P31—. . . I don’t think it’s the same as natural [. . . ] the end result is the same, but this one took
20 generations that arrived at it.; P18—. . . in nature, over time, these things happen, so in a way
it is natural. But the thing is that you accelerate it, that’s when I think no, you can’t consider it
natural.). Interestingly, some interviewees believed that gene editing could be considered
natural and used similar arguments cited by others that considered in not natural when
justifying the unnaturalness of the process, i.e., that gene editing is a natural process that
has ”only” been accelerated (P19—Yes, being the same species [referring to the addition to
the genome]. . . It’s a natural thing, you are only accelerating what would occur naturally in the
environment, it’s accelerating it and will benefit even the animal itself; P25—I believe it would
happen, right? Nowadays, you have that option to speed up the process. It’s natural. P28—For me,
yes. Because they could have this crossing, it would only take more generations to reach the same
result. So yes).
However, even when asked to consider that the process could occur naturally and
would not differ from what could be found in nature because genes of the same species
would be used, many did not consider gene editing natural (P29—I think not. Because even
though it’s the same species, it can have a side effect, right?; P3—Unless you are going to cross, for
example, a cattle from one to another in the natural way, so I think this is natural; now, laboratory
genetic editing is artificial), and some doubted whether the change would actually occur in
nature (P7—. . . although we know it can happen naturally [. . . ] it is directed, man did it, then
it can no longer be said that it is natural. Especially because we cannot predict that this would
naturally occur [. . . ] It happens through mechanisms that exist in nature, but that does not mean
that it is natural).
Arguments conveying loss of naturalness were often associated with concerns about
the violation of the animals’ integrity; often in relation to the elimination of a natural
characteristic of the animal. This was particularly evident in the POLLED gene editing
example, when participants questioned the loss of a part of the animal’s body and how this
may impact the animal in the long term (P15—. . . it no longer has the horn, surely something
changes in the animal because it no longer has a horn; P9—I don’t know how important it is to a
cow, how it feels, if it will feel amputated without a horn . . . ). There were also questions related
to permanent and irreversible changes to the species (P6—So is this not going to get lost?
Cattle will become polled, does that mean it won’t be that way anymore?) and the creation of
“unnatural” beings (P15—This here [referring to the double musculature phenotype] actually
stopped being an animal and became an aberration . . . ).
3.1.4. Who Is Trustworthy When Seeking Information on Gene Editing?
Trust was related to the perception of conflicts of interest regarding who communicates
the information, i.e., information coming from industry or a researcher financed by industry
was frequently questioned (P29—Who finances the research? It is the producing companies,
right?; P23—Look . . . researchers from universities that are not having their research funded by
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producers, then I trust [them]. And organizations, it depends, nowadays it has to be seen if they
are not just a façade, right. But I would trust some organization that I know the background. So,
there is a greater predisposition to believe in universities and environmental organizations.). There
appeared to be more confidence in scientists from academics (without ties to industry) than
those working in government or industry (P24—I think I trust academia more; P27—I mainly
trust academia. Although we have many areas today with conflicts of interest. I seek information
from both sides to try to form an opinion, but mainly academic sources. I do not trust, mainly, the
“agro is pop” [pro-agriculture publicity] of television, that I cannot trust; P31—I trust academia
more. . . . Yeah, because I think the government, it looks like they will not have enough knowledge,
and industry will have the knowledge pruned for their purpose.). Finally, for some there was
a generalized lack of trust regardless of who conveyed the information (P28—Nowadays
everything is so complicated, you have to research everything yourself and take what you found
and compare).
3.2. Study 2. Descriptive Results
Participants’ distribution of sex, age, and place of residency approximately corresponded to the Brazilian population according to the Brazilian Institute of Geography and
Statistics Census (IBGE, 2011) (Table 2). A larger proportion of participants had undergraduate level education (64%) and slightly higher incomes than the Brazilian population,
yet 25% preferred not to provide this information. Although 7% of the participants stated
that they had grown up with some contact with farm animal production, they specifically
stated that they were currently not involved with agriculture. Across all participants only
5% stated that they had some professional involvement with agriculture.
Table 2. Study 2: Demographics of survey participants (n = 864) and of the Brazilian population
according to the latest census (IBGE, 2011).
Variable

Sex
Female
Male
Age
18 to 24 years old
25 to 34 years old
35 to 44 years old
45 to 54 years old
55 years old and over
Current residence
Urban
Rural
Region of Brazil
South
Southwest
North
Northwest
Centre-West
Education
Up to high school
Undergraduate (complete or ongoing)
Household income *
Up to 2 minimum wage
2 to 5 minimum wage
6 to 10 minimum wage
Over 10 minimum wage

Participants

IBGE 2011

(%)

(%)

52
48

51
49

16
18
29
22
16

16
23
20
18
23

89
11

85
15

25
48
4
15
9

15
42
8
28
7

36
64

64
36

19
43
23
15

24
49
14
13

* Data referring to income were taken from the Family Budget Survey 2017–2018—IBGE [42].
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Study 2. Quantitative Results
Acceptability of the three different gene editing applications differed (Figure 1): MG
vs. HR, V = 69396, p < 0.001; MG vs. POLLED, V = 8799.5, p < 0.001; HR vs. POLLED,
V = 25004, p < 0.001. Additionally, acceptability was low for all applications, varying from
12% for MG to 33% for POLLED. Few participants said that they had read much or very
much about genetic modification of animals (33%) or about gene editing of plants, animals
or humans (33%). The majority of participants conveyed that they believed there to be
more risks (11% none or very low; 21% intermediate; 68% high or very high) than benefits
(42% none or very low; 31% intermediate; 27% high or very high) from the applications of
gene editing presented in the survey.

Figure 1. Study 2: Acceptability (Likert scales, ranging from 1 = not at all acceptable to 5 = totally acceptable) of using gene
editing to modify cattle to be muscle growth, improve heat resistance or polled (% participants, n = 864).

Demographic variables that influenced acceptability of the MG, HR and POLLED,
application are shown in Table 3. Acceptability of the three applications was influenced by
sex, age, education, household income, meat consumption and involvement in agriculture,
region of residence of the participant. The order of presentation of the applications in the
survey did not influence acceptability.
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Table 3. Study 2: Influence of demographic variables of 864 participants on acceptability measured using responses captured
using a Likert scale, ranging from 1 = not at all acceptable to 5 = totally acceptable to questions about the use of gene editing
to modify cattle to either have increased muscle growth or improved heat resistance or be hornless. Means with different
letters within each demographic variable are significantly different within columns (p < 0.001).
Variable

Sex
Male
Female
Age
18 to 24 years old
25 to 34 years old
35 to 44 years old
45 to 54 years old
55 years old and over
Education
Up to high school
Undergraduate (complete or ongoing)
Household income
Over 10 minimum wages
6 to 10 minimum wages
2 to 5 minimum wages
Up to 2 minimum wages
I prefer not to say
Food consumption
All animal products
Vegetarian or vegan
Involvement in agriculture
No
Grew up in environment
Yes

Muscle Growth

Heat Resistance

Polled

n

Mean

Mean

Mean

418
446

2.17 a
1.54 b

2.69 a
2.26 b

2.90 a
2.37 b

134
164
243
186
137

2.14 a
1.96 ab
1.85 bc
1.74 bc
1.56 c

2.98 a
2.60 b
2.42 b
2.35 bc
2.07 c

2.91 a
2.95 ab
2.60 bc
2.40 c
2.31 c

312
552

1.71 a
1.92 b

2.49
2.46

2.54 a
2.68 b

96
155
280
121
212

2.09 ab
2.17 a
1.87 b
1.48 c
1.67 c

2.59 ab
2.79 a
2.51 ab
2.15 c
2.32 bc

2.81 ab
3.10 a
2.69 b
2.13 c
2.40 c

791
73

1.90 a
1.25 b

2.53 a
1.83 b

2.69 a
2.01 b

763
56
45

1.81 a
1.98 ab
2.33 b

2.41 a
2.57 a
3.31 b

2.57 a
2.57 a
3.71 b

4. Discussion
Interview participants considered gene editing of cattle more acceptable if the application was viewed to reduce animal suffering, but less acceptable if it was perceived
to harm the animals; similar findings were also reported in studies conducted in other
countries [26,29,43,44]. A perception of loss of naturalness associated with gene editing
was almost consensual; however, this was not directly associated with acceptability of
the technology, but reflected direct criticisms of the production systems, including confined housing, lack of shade (to mitigate heat stress), and unnaturally fast growth cycles.
A key element shaping acceptability of using gene editing in cattle was concerns about
the distribution of potential risks and benefits among each of the beneficiaries, including
consumers, the animals, farmers, and corporations. Participants considered gene editing
capital intensive, which raised concerns that it could benefit large scale farmers and corporations, but be riskier for small scale farmers. Overall, concerns about using gene editing in
cattle raised by participants were less related to intrinsic characteristics of the technology,
but rather seemed to mirror general concerns about the impacts of livestock production
practices on animals, humans and the environment. For many, gene editing was seen as the
final straw in solidifying their negative views of animal agriculture. The extent to which
members of the public adopt this type of abolitionist view of animal agriculture will no
doubt have a profound impact on the future sustainability of animal agriculture.
The quantitative study, corroborating the qualitative findings, indicated that acceptability of gene editing depends on the type and purpose of application proposed. The
participants considered the use of gene editing to improve muscle tissue growth less acceptable than that used to reduce heat stress or to produce polled cattle. Demographic
variables influenced acceptability of the three applications. Men, younger participants,
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meat consumers, participants associated with livestock production and those with a higher
income found all three gene editing applications more acceptable. Although participants
that declared involvement with livestock production found gene editing more acceptable than participants with no involvement, acceptance in this group was low. Given
the low number of participants in this category and lack of details regarding the nature
of involvement in the sector, we suggest that further studies should investigate the attitudes towards gene editing of this demographic category. As shown in other studies
investigating acceptability of genetically modified food in North America, Europe and
the UK, acceptability of gene editing applications was lower among women and younger
participants [28,44,45]. Although knowledge of genetics was not measured in this study,
we did find that people with higher levels of education tended to be more positive to
gene editing. Some studies showed a positive correlation between basic knowledge of
genetic concepts and acceptability of genetic modifications and knowledge [44,46]. The
quantitative survey used a convenience sample; therefore, even if the overall demographics
closely match the Brazilian census data [41] except for education, these findings cannot be
generalized to the Brazilian population. It is noteworthy that the sample comes from a
relevant pool of Brazilian citizens, as an estimated 99 million, or 47% of the population use
Instagram (58% women, 55% of whom are between 18 and 34 years-old, and 36% between
35 and 64 years-old) [47]. However, it is also noteworthy that interview participants had a
similar sex and age distribution and were also urbanites, but were more educated, which
may be considered when interpreting the findings of the qualitative study.
Our findings are in line with the idea that what drives people to a critical moral
judgment of gene editing is not the associations with genetically modified organisms
or the technology itself, but rather its application or intended uses [48]. Gene editing
applications were deemed more acceptable if seen as more beneficial than dangerous or
harmful. The most important perceived benefit was the reduction in animal suffering,
which seemed to offset some concerns about modifying the animals’ telos and unforeseen
downstream effects. Additionally, participants tended to reject gene editing applications
when they perceived them as unable to provide benefits to the animals, beyond and
regardless of any utility to humans. According to Lassen et al. [49], people tend to question
the utility of animal biotechnology applications and do not endorse them when they see
them as being merely about economic gains. Likewise, more recent work [26] showed
that citizens are more likely to accept gene editing of farm animals when the applications
provide demonstrable public good, such as animal welfare and worker safety. Citizens’
ethical concerns regarding genetic modification technologies encompass the social and
economic implications of these technologies, including how they may be distributed and
which impacts they may have on producers [23,50]. Although the producers were seen by
many as the party to reap the most benefits (more than consumers or the animals), some
participants questioned whether all producers would have access to the technology and
how would benefit from it. We see this as a relevant point of discussion, as gene editing is
a high-cost technology that may be less accessible to many smaller producers. One such
example is the use of sexed semen, which was presented as a tool to obtain an adequate
supply of dairy replacement heifers in the dairy industry, and it was expected that its
widespread application would reduce the cost of milk production and milk prices [51] and
improve animal welfare [52,53]. However, sexed semen is more expensive and less efficient
than promised [54], which limits its use by farmers [55]. In many cases support for gene
editing from some participants sounded more like resignation than trust in the potential of
the technology. For example, some participants welcomed gene editing in view of farmers’
lack of willingness to use adapted breeds or pain medications for dehorning. This view
was discussed by Shriver and McConnachie [56] as “gene editing as preferable to the status
quo”, based on the principle that if gene editing can improve animal welfare compared to
current systems, its adoption would be the most ethical choice. Overall, the main concerns
regarding the use of gene editing in farm animals were not about the genetic modification
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of animals per se, but rather about the types of modification that could be performed, for
what purpose, who benefits and who pays.
As in other surveys [29,44], lower support for gene editing was identified among
participants that were concerned with downstream biological and societal risks. This
included unknown outcomes, which in some cases was anchored in low understanding of
familiarity with the technology. These attitudes advocate the importance of familiarizing
people with the “entire picture”, including the pros and cons of a new technology. Some
authors warn that the potential risks to animals, humans, the environment and society
need to be better understood [57–60]. Yet, it is important to bear in mind that lay people
tend to assess the risks of technologies, especially the acceptability of such risks, differently
from specialists [61], so risk analyses must embrace scientific and social perspectives. As
our findings suggest, when people become aware of the practices and reasons behind their
use in the animal industry, new questions emerge about why animals are treated as they
are in these systems or why some interventions are necessary, or whether the adoption of
gene editing will produce significant changes to the system. It is well established that the
lay public has little knowledge about production practices [7,10,62]; thus, trying to justify
gene editing on the basis of some practices that are apparently very positive, such as the
end of routine painful procedures like dehorning and castration or diseases in animals [19],
comes with the risk of revealing to the public the conditions under which farm animals
are being raised and may increase concerns. Simply informing the public, even if it is with
technical justifications, about the limitations of animal husbandry is not enough to improve
attitudes [63].
Few participants considered gene editing as natural. For some, the fact that gene
editing is obtained with human interference is sufficient to justify a loss of naturalness, even
if the results obtained with the gene editing were similar to phenotypes found in nature.
Some have argued that the physical identity of the object (i.e., horned or polled) is not so
important in the public’s perception of naturalness, but rather if in the history of the object
there were changes caused by humans [64]; for some people, being untouched by humans
is the basis of naturalness [65]. The belief that historical evolution creates perfectly adapted
plants and animals [66] may explain why the acceleration of the natural process is a key
point supporting the perception of loss of naturalness. Naturalness (or the lack thereof) has
been considered to be an important aspect when regulating gene editing. For example, in
the European Union, gene edited products are considered unnatural and therefore subject
to regulations for transgenics [67]; in contrast, in the USA, it is proposed that they be
considered like any other natural product [68]. A survey with US and French consumers,
reported that they felt that gene editing-based foods should be treated as GMO-based
foods [69]. Some authors believe that, given the absence of foreign DNA, gene editing
has the potential to be perceived by consumers as less unnatural than previous transgenic
technologies, which would have implications for acceptability [43,70]. Our study does not
support this approach; the absence of foreign DNA (from another species) did not seem
to influence participants’ opinions regarding the naturalness of gene editing. Legislation
created for Brazil should take into account the perception of the Brazilian public.
Naturalness does not appear to have a direct relationship with acceptability of gene
editing, as shown in a study with American citizens [44]. Yet, perceptions of naturalness do
appear to indirectly influence attitudes towards gene editing, as many people see natural
systems as healthier and capable of providing better welfare for animals [71–73]. In a
meta-analysis carried out in Europe and North America, Román et al. [74] concluded that
the naturalness of food is crucial for most consumers and the failure to consider this may
undermine sustainability. Our findings suggest that the introduction of gene editing in
livestock production in Brazil (and perhaps other countries) is initially not likely to face
significant public resistance. However, it may contribute to the growing concerns regarding
technologies used in farm animal production, including antibiotics, synthetic hormones
and pesticides, which are perceived to pose risks to human, animal, and environmental
health and are often associated with intensive large farm systems [6,7]. This, added to
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the suspicion expressed by many participants that gene editing may be a substitute for
good husbandry, suggests that introducing gene editing into livestock production may
come at the expense of public trust in the industry, potentially causing the public to
seek alternative non-gene edited products or elect to simply shy away from all animal
food products. Although attitudes towards animal welfare do not always translate into
purchasing behaviour [75,76], these attitudes may cause moral discomfort and may be
expressed in other ways, such as support for changes in legislation [77]. Additionally, many
consumers see alternative, non-animal products as a path to more sustainable food options
and a way to deal with the problem of farm animal welfare [37,78,79]. For example, analysts
suggest that widespread consumer acceptance of lab-cultured products will depend mainly
on the price and organoleptic characteristics of the products [80,81] and perceived loss of
naturalness, which is a universal concern and thus an important factor in the acceptance
of cultured meats [82–84]. The results of a recent survey showed that the message that
conventional meat is unnatural was the most effective way to gain support for cultured
meat; in contrast, arguing for the unimportance of naturalness had no effect [85]. Thus,
caution is warranted when introducing new gene editing technologies as they may in fact
further exacerbate already existing concerns of loss of naturalness. This may be particularly
relevant in the case of animal food industries that are already facing competition from
plant-based alternatives and, sometime in the future, from “cellular agriculture” [86].
Participants also addressed the morality of using gene editing to modify animals for
human benefit. For some participants, using gene editing to modify the animals to produce
more or to adapt them to the housing or rearing systems is simply wrong. Similarly, others
have argued that the process of gene editing allows the human to take “control” of animal
life, and this added control adds to the already present asymmetry of the human–animal
relationship [87], which favours humans [88].
The changing of the animal’s telos using gene editing was a recurrent concern raised
in the interviews, and included comments that were beyond what has previously been
discussed in the scientific literature [89–91]. The most common view raised by many of
our participants agrees with the argument of Rollin [89], for whom genetic engineering
is a morally neutral tool that is acceptable if the modification increases animal welfare,
yet becomes ethically unacceptable when the modification of the animal’s telos makes
the animal undergo negative experiences. However, for other participants, using gene
editing to increase heat tolerance and to introduce hornlessness was not so straightforward.
Although they were reticent given that the technology modified the telos of cattle, they
viewed the former to be more acceptable because it favours the animal but found the latter
less acceptable because the resulting change entails a loss (in the case of the horn) for the
animal or the species. This nuanced line of thinking is in agreement with Kramer and
Meijboom’s [91] view of telos; whereby, modifications that favour robustness are acceptable,
but not when they alter the animal physically to replace invasive physical interventions.
Lastly, and in accordance to Ishii [90], some interviewees considered that changes in the
traits of animals that can be visualized (e.g., the loss of horns or the addition of prominent
musculature), as a violation of the animals’ telos.
Farm animals go through several painful “routine management” interventions such
as debeaking, dock tailing and disbudding and many farm animal species have been genetically selected for high production and develop at faster growth rates [92]. Many scientists
have also presented gene editing as a tool to improve animal production, health and welfare,
and to face environmental and climate challenges [12,13,93–95]. According to some, gene
editing could “pave the way to a more sustainable future for livestock agriculture” [70].
Our findings suggest that at least part of the public may have different views regarding
how to address the main concerns posed by the intensification of livestock production on
the animals, consumers and farmers; for some, gene editing may not solve but reinforce
these problems. A common feeling amongst our participants was that additionally to, or
instead of, changing animals to make them fit their environment, husbandry practices and
systems should be changed to improve the wellbeing of animals. Animal welfare was
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the most salient topic discussed by participants, but they also addressed sustainability
of production systems through a wider lens including aspects of the environment, animals and humans. The premise that the use of gene editing technologies can promote
sustainably per se is in line with the “sustainable intensification” approach, which may not
fully address farm animal welfare [96] as well as other social and environmental societal
aspirations [22]. It is true that some scientists are interested in unveiling potential concerns
that may need to be addressed before gene editing can be applied in animals. However,
a recent systematic review [97] identified some issues that are underrepresented in the
academic literature, including equity of access to the potential benefits of gene editing
technologies, animal-related concerns and impacts of the moral status of animals—three
issues that appeared as the main concerns raised by the lay citizens in this study and also
by others studying North American and Brazilian citizens [26,29,43,44]. The participants in
our survey stated that they rely more on the academy of science to provide them information on gene editing because, in their perception, academics possess the greatest knowledge
on the subject and represent the interests of society. In contrast, governments, companies
and NGOs were seen as less reliable, as they may manipulate information according to
their interests. Others have shown that trust in science and in scientists is relatively high in
Brazil [36,98], where universities are seen as the most trusted source for information on
genetically modified organisms [99] and animal-related issues [6]. In a study involving
the debate around transgenic crops in Brazil, citizens discredited scientists with links to
industry and the media, arguing that they have no commitment with public interest [100].
In order to retain public trust, scientists should strive to address some of the concerns
expressed by citizens in this and other surveys, to help elucidate the potential risks of
gene editing in farm animals for consumers, the animals, the environment and the farming
community.
5. Conclusions
In line with many in the scientific community that present it as a promising tool to contribute to the sustainability of animal agriculture, some participants did acknowledge the
potential for gene editing to help tackle animal production, health and welfare challenges.
The acceptability of gene editing in cattle was increased by perceptions of benefits for
animal welfare. However, it was reduced when the perceptions of risks and benefits were
viewed as unevenly or unfairly distributed among consumers, corporations, different types
of farmers, and the animals. Our findings also suggest that incorporating gene editing
within the farm animal systems may contribute to the growing public perception of the loss
of naturalness, which may potentially erode consumers’ preference for animal products.
Our findings raised several issues that may need to be addressed for gene editing to comply
with the social aspect of sustainable agriculture.
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