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Abstract Lettuce is one of the most widely con-
sumed vegetables in the world, commonly eaten fresh
in salads, sandwiches, wraps, and as a garnish in
various dishes. Consequently, it is a very promising
vehicle to deliver vitamins, such as folate (vitamin
B9), to a specific population using biofortified vari-
eties generated by conventional or molecular breed-
ing. A new genetically modified lettuce was gener-
ated with increased folate content. However, some
issues related to public perception regarding this
technology should still be evaluated. The aim of this
study was to analyze whether consumers are willing
to accept a folate-biofortified GM lettuce that could
become available to the Brazilian market. A ques-
tionnaire involving several issues regarding lettuce
consumption was answered by 2,391 people from
almost all Brazilian states. When informed that the
folic acid biofortified lettuce is a transgenic plant,
46.1% of respondents stated that they would eat it and
30.5% stated that it would be a possibility. This study
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demonstrated that if there is any explanation regard-
ing the advantage in relation to the use of biotechnol-
ogy, like enrichment with folic acid, the number of
people who accept it increases.
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Public acceptance - Transgenic lettuce

Introduction

Lettuce (Lactuca sativa L.) is one of the most widely
consumed vegetables in the world, and its production
is a significant component of global agriculture, culti-
vated in numerous countries across the world. The top
lettuce-producing countries include China (14.3 mil-
lion tons), the United States (3.4 million tons), India
(1.1 million tons), Spain (1.1 million tons), and Italy
(9.6 million tons) (FAOSTAT 2021). It can be grown
in open fields, greenhouses, and hydroponically, using
conventional or organic farming systems (Ahmed
et al. 2021; Camara-Martos et al. 2021; Wang et al.
2023). There are several types of lettuce, but the most
commonly grown varieties worldwide include ice-
berg, romaine (cos), butterhead, and loose leaf. The
popularity of lettuce is due to its crisp texture, mild
flavor, and high-water content, making it a refreshing
and healthy addition to meals (Kim et al. 2016; Shi
et al. 2022). It is a low-calorie vegetable (5—10 cal per
100 g) that offers a range of essential nutrients, such
as carbohydrates, vitamins (A, K and C), minerals
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(iron, potassium and calcium) and antioxidants (fla-
vonoids) (Kim et al. 2016; Medina-Lozano et al.
2021; Shi et al. 2022; Yang et al. 2022). Since let-
tuce is commonly eaten fresh in salads, sandwiches,
wraps, and as a garnish in various dishes, it is a very
promising vehicle to deliver vitamins, such as folate
(vitamin B9) to a specific population using bioforti-
fied varieties generated by conventional or molecu-
lar breeding. This is a sustainable and cost-effective
method to improve public health, particularly in
regions where people rely heavily on a limited num-
ber of staple crops. Folate is an essential nutrient that
supports various bodily functions, such as cell divi-
sion and DNA/RNA synthesis, red blood cell forma-
tion, synthesis of neurotransmitters like serotonin and
dopamine, methylation reactions, repair of damaged
DNA and gene regulation (Birla et al. 2022; Nasci-
mento et al. 2022; Nogueira-de-Almeida et al. 2023).
Its deficiency is associated with several important
diseases, such as anemia (Roche et al. 2021), depres-
sion and cognitive decline (Jin et al. 2022a, b), risk of
stroke (Zhang et al. 2022), erectile dysfunction; Feng
et al. 2023) and prostate cancer (Bailey et al. 2015).
Folate is also crucial for preventing neural tube
defects in the developing fetus, which affect around
1 in every 1,000 pregnancies worldwide (Mitchell
2005; Tsiklauri et al. 2019; Li et al. 2020).

In this context, we increased folate content in let-
tuce by expressing Arabidopsis thaliana genes cod-
ing for enzymes of the folate biosynthesis pathway
(Nunes et al. 2009). However, although 2.7 billion
cumulative hectares have been cultivated worldwide
with genetically modified (GM) crops (transgenic)
since 1996 (ISAAA 2019), there are some issues
related to public perception that should still be evalu-
ated. Perception varies widely around the world and
is influenced by cultural, social, economic, and politi-
cal factors. It was observed that the acceptance of
GM crops is dependent on the level of education and
knowledge of the people on the subject. More than
two hundred university students in India responded to
a survey to investigate their knowledge and attitudes
about GM foods. Most of the participants agreed
to have read about GM foods and defined it cor-
rectly. It was observed that attitudes in favor of GMO
were related to higher knowledge scores (Rathod
and Hedaoo 2022). Furthermore, when people are
informed about the benefits of growing and consum-
ing GM foods, they tend to be more positive. When
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Swedish consumers were questioned about various
GM foods technologies, most of them had a negative
attitude towards it. However, information on poten-
tial benefits, such as less agricultural impact on the
environment, better taste or lower price was enough
to persuade them to purchase GM foods (Magnusson
and Hursti, 2002). In a public perception involving
Chinese consumers, it was observed that perceived
benefit is a major factor shaping GM product-specific
acceptance, and perceived risk is not as influential as
previous studies have suggested (Jin et al 2022a, b).

While biofortification holds great promise, there
are challenges to its widespread adoption, includ-
ing the need for public awareness and acceptance
and adoption by farmers. The aim of this research
is to analyze whether consumers are willing to
accept a folate-biofortified GM lettuce that could
become available to the Brazilian market. This type
of research is important because consumers are
extremely important economic agents in the com-
mand hierarchy of technological innovation in food
production chains. Any type of agronomic research
aimed at technological innovation should carry out
research of this type in the "real world", which is
complex and full of cultural, economic, marketing,
social and political variables.

Materials and methods

Data collection.

The data were collected using the online sur-
vey (Google forms platform) in Brazil. The form
remained open for response for 17 days in 2023. The
respondents gave consent and were recruited by an
online panel provider. They were informed that no
data could be linked to individual participants and
would be anonymously analyzed. In order to follow
the Brazilian and international ethical codes, only
respondents aged 16 years old or over were taken into
consideration. The questionnaire took approximately
4 min to be completed. Pilot testing was previously
carried out to verify the time to answer the questions
and data collection method.

The sociodemographic characteristics surveyed
include: state of residence, age and education level.
We chose not to ask about the family’s monthly
income because we assumed it would be an inhibit-
ing question. Thus, the main social variable consisted
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of the educational level. On the other hand, there is
no unanimity regarding the delimitations of social
classes in Brazil. Therefore, the only solution we
found was to ask about the educational level. The
questionnaire consists of 12 multiple-choice or
yes/no/maybe questions (Table 1), originally writ-
ten in Portuguese. It is important to highlight that

Table 1 Questionnaire content (English and Portuguese versions)

the research was carried out using "snowball" sam-
pling. “Snowball” sampling consists of identifying
some key informants who are willing to collaborate
by answering the questionnaire. At the end of the
answers, each participant indicates new informants,
until a saturation point is reached, with no more new
people willing to respond (Parker et al. 2019).

Questions / answers

Questdes / respostas

Which state in Brazil do you live in?
List of the 27 Brazilian states

How old are you?
Free response

What is your educational level?
Incomplete elementary education
Complete elementary education
Incomplete high school
Complete high school
Incomplete college / university
Complete college / university
Master’s degree

Doctoral degree

What is most important when you buy lettuce?
Being organic

Being sanitized and packaged

Looking good

Lower price

Do you think the price paid for a head of lettuce is...
Cheap
Expensive

How many times per week do you eat lettuce?
every day

once or twice

more than three times

never

What type of lettuce do you prefer?

loose leaf

butterhead

iceberg

purple

i don’t consume

Do you know the vitamin folic acid?

Yes / No

Do you know the importance of the vitamin folic acid for health?
Yes / No

Would you buy lettuce with a higher amount of folic acid?
Yes / No / Maybe

Knowing that folic acid is good for your health, would you choose
lettuce with more of this vitamin?
Yes / No / Maybe

Would you eat transgenic lettuce with more folic acid?
Yes / No / Maybe

Vocé mora em qual estado do Brasil?
Lista com os 27 Estados do Brasil

Qual é a sua idade?
Resposta livre

Qual é o seu nivel de escolaridade?
Ensino Fundamental Incompleto
Ensino Fundamental Completo
Ensino Médio Incompleto

Ensino Médio Completo

Superior Incompleto

Superior Completo

Mestrado

Doutorado

O que é mais importante quando vocé compra alface?
Ser organica

Estar higienizada e embalada

Ter boa aparéncia

Prego mais baixo

Vocé acha que o preco pago por um pé de alface é:
Barato

Caro

Quantas vezes vocé consome alface por semana?
todos os dias

uma ou duas vezes

mais de trés vezes

nunca

Qual ¢ o tipo de alface que vocé prefere?

crespa

lisa

americana

roxa

ndo consumo

Vocé conhece a vitamina 4cido f6lico?

Sim / Nao

Vocé sabe a importancia da vitamina 4cido folico para a satde?
Sim / Néo

Vocé compraria alface com maior quantidade de acido folico?
Sim / Nao / Talvez

Sabendo que o acido félico € bom para a satide, vocé escolheria
uma alface com mais dessa vitamina?
Sim / Nao / Talvez

Vocé comeria alface transgénica com mais acido f6lico?
Sim / Nao / Talvez
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Statistical analysis

The statistical analyses were carried out using Prism
6 for Windows software. Correlation analyses [age
versus product conditions (i.e. being organic, being
sanitized and packaged, looking good, having a lower
price) and choosing organic versus accepting or refus-
ing consumption of the transgenic lettuce] were cal-
culated using Pearson’s correlation coefficient at 95%
confidence interval.

Results

The questionnaire was answered by 2,391 peo-
ple from all Brazilian states, except Amap4a, over a
period of 17 days. Most of the respondents live in the
Midwest region (38.1%), followed by the Southeast
(33.7%), Northeast (18.9%) South (6.7%), and North
(2.7%) regions (Fig. 1). Persons from 16 to 95 years
old responded to the questionnaire, with concentra-
tion in the group of 56 to 60-year-olds (12.3%), fol-
lowed by 51-55 (12%), 46-50 (9.7%), 36—40 (9.5%)
and 41-45 (8.9%) (Fig. 2). A total of 266 people did

Fig. 1 Number (and
percentage) of respond-
ents in the North (yellow),
Midwest (red), Northeast
(green), Southeast (dark
blue) and South (blue)
Brazilian political regions.
Graphs show the percent-
age of respondents in

each region that answered
“Yes”, “No” or “Maybe”
when questioned if they
were willing to consume a
transgenic variety of folic
acid-biofortified lettuce.
North, Midwest, Northeast,
Southeast and South regions
compose 8.4%, 7.4%,
27.8%, 42.1%, and 14.3% 911 (38.1%)
of the Brazilian population, 60
respectively

40
X

20
0

Yes
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not declare their age. The majority of the surveyed
participants presented a higher education level, with
43.5% having completed college / university courses,
17.2% holding a doctoral degree, 14.5% a master’s
degree and 11% still attending college / university
courses (Fig. 2). It is important to highlight that this
means that the majority have a very high level of edu-
cation, which corresponds, in Brazil, to the upper-
middle class. Most of the respondents prefer to con-
sume lettuce once or twice a week (39.9%) or more
than three times a week (35.4%), while 22% consume
it every day. Just 3.9% never consume it (Fig. 3A). In
addition, most respondents prefer iceberg varieties
(47.7%) followed by loose leaf (28.4%), butterhead
(19.6%) and purple (3.7%) (Fig. 3B). Respondents
mentioned that a good appearance (56.6%, look-
ing good) is the most important factor, followed by
being well sanitized and packaged (21.8%). Organic
lettuce was also a relevant factor (19.9%) (Fig. 3C).
Surprisingly, the price relevance was only mentioned
by 1.6%. In fact, when specifically questioned if the
price paid for a head of lettuce is cheap or expensive,
67.2% responded that they consider it cheap, while
32.8% believe it is expensive (Fig. 3D). We found

64 (2.7%)
60

Yes No Maybe

451 (18.9%)
60

807 (33.7%)
60

o 40

=

20

158 (6.7%) .
60 Yes No Maybe

o 40
B

B

20

0
Yes No Maybe
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Age of respondent
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n
n

Doctoral degree
Master degree
Complete College / University

B

Q?ZEE Complete high school
g?gg —— Incomplete high school
26-30 Complete elementary education
fé%gE= Incomplete elementary education
0 5 10 15 0 10 20 30 40 50
Percentage Percentage

Fig. 2 Histograms showing the age distribution A and educational levels of participants B. Brazilian data was retrieved from https://

censo02022.ibge.gov.br

no statistically significant correlation between age
and product conditions (being organic, being sani-
tized and packaged, looking good or having a lower
price) (Pearson’s correlation, «=0.05). The majority
of the surveyed respondents know folic acid (73.6%)
and responded that they are aware of its importance
for health (62.8%) (Fig. 3E-F). When it was informed
that folic acid-biofortified lettuce is a transgenic
plant, the number of respondents who stated that
they would eat it was 46.1%, with a group saying that
maybe they would eat it (30.5%) and 23.4% stating
that they would not consume it (Fig. 3G). Further-
more, 49.8% would prefer a lettuce variety bioforti-
fied with folic acid, and 44.5% responded that maybe
they would buy it. Just 5.7% stated that they would
not buy it (Fig. 4A). Of those 49.8% that answered
“Yes” when questioned if they would choose the bio-
fortified lettuce, 45.6% would still prefer to eat it (and
31.9% said maybe; 22.5% said No), if they knew it
is a transgenic plant. On the other hand, from those
44.5% that answered “Maybe” to that question, 44.3%
would accept it (Yes), when informed that it is trans-
genic (Fig. 4A). Surprisingly, of those 5.7% that
answered that they would not buy the biofortified-let-
tuce, 59.7% of them said they would accept it if trans-
genic (Fig. 4A).

When informed that folic acid is good for health,
the number of consumers that would choose lettuce
varieties enriched with this vitamin rose to 74.5%,
while 21.3% stated that perhaps they would buy it and
just 4.2% said that they would not buy it (Fig. 4B).
Of those 74.5% that answered “Yes” when questioned

if they would choose the biofortified lettuce, know-
ing that folic acid is good for health, 46.4% would
still prefer to eat it (and 32.1% maybe), if they know
it is a transgenic plant. On the other hand, from those
21.3% that answered ‘“Maybe” to that question, 40.7%
would accept it, when they are informed that the bio-
fortified varieties are transgenic. Surprisingly, among
those 4.2% that answered that they would not choose
the biofortified-lettuce, 60.4% would accept it, when
informed that it is transgenic (Fig. 4B).

In general, people are willing to consume geneti-
cally modified biofortified lettuce in all Brazilian
regions (Fig. 1). We found no statistically significant
correlation between choosing organic and accept-
ing or refusing consumption of the transgenic let-
tuce plants (Pearson’s correlation, a=0.05). The
proportion of supporters was higher in the Midwest
region (47.2%), followed by the Northeast (41.8%)
and North (38%) regions. In addition, the number of
respondents answering ‘“maybe” was also relevant in
all regions (Fig. 1), but was higher in the Midwest
region (33%), followed by Southeast (31.4%) and
South (28.8%) regions.

Discussion

There are many players involved in the use of modern
biotechnology (Aliev & Kurbanova 2022; Munaweera
et al. 2022). There are supporters, skeptics and oppo-
sition groups. Among the supporters, there are the
scientists and experts in the field of biotechnology
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How many times do you eat lettuce per week?

A

Never

More than
three times

Once or twice

Every day

10 20 30 40 50
Percentage

O -

What is most important when you buy lettuce?

C

Lower price

Looking good

Be sanitized
and packaged

Be organic

20 40 60
Percentage

o -

Do you know the vitamin folic acid?

No
Yes
0 20 40 60 80
Percentage

What type of lettuce do you prefer?

| don't consume

Purple

Iceberg

Butterhead

Loose leaf

10 20 30 40 50
Percentage

o -

Do you think the price paid for a head of lettuce is...

D

Expensive

Cheap

20 40 60 80
Percentage

Do you know the importance of the vitamin folic
F acid for health?

O -

No

Yes

20 40 60 80
Percentage

Would you eat transgenic lettuce
with more folic acid?

Maybe

No

0 10 20

30 40 50

Percentage

Fig. 3 Histograms showing the response percentages to possible choices for seven questions in the survey
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Fig. 4 Histograms showing
the response percentages

to questions related to
acceptance of biofortified
lettuce A, compared to the
response when respondents

Would you buy lettuce with a higher

A amount of folic acid?

What if this lettuce is
transgenic?

29.9

44.3

are informed that folic

acid is good for health Maybe
B. Parts-of-whole graphs

show the response percent-

age of respondents who No

would maintain or not the
previous answers if they are
informed that the bioforti-

. . Yes
fied lettuce is transgenic

0 20

Percentage

Knowing that folic acid is good for your health,
would you choose lettuce with more of this vitamin?

B /

Maybe

40 60

No

Yes

0 20

and agriculture who argue that GM crops can improve
yields, reduce pesticide use and production costs, and
address issues like malnutrition through biofortifica-
tion. Many consumers are skeptical of GM foods due
to concerns about their safety for human consumption
(Hunt & Wald 2020). Some worry about potential
long-term health effects, allergenicity, and unintended
consequences of genetic modifications. The organic
food movement and the promotion of non-GMO prod-
ucts have gained momentum in response to concerns
about GM foods. According to Brazilian law, organic
production cannot be carried out with GM crops.
However, there was no correlation between people
who would choose organic products and those that
would refuse to consume transgenic lettuce plants.

40 60
Percentage

This shows that there is a disconnection between the
regulation for the organic production system and con-
sumers, making room for the consumption of GM let-
tuce in the near future.

Public perception of GM foods is complex and
can evolve over time, as new information becomes
available and as consumers and policymakers grap-
ple with the benefits and risks associated with this
technology. Public education, transparency, and bal-
anced discussions about the science and safety of GM
foods play important roles in shaping public opinion
and influencing regulatory decisions. Biofortifica-
tion can have positive economic and social impacts
by reducing healthcare costs associated with nutrient
deficiencies. Additionally, it may reduce the need for

@ Springer
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expensive nutrient supplementation programs (Ofori
et al. 2022).

In Brazil, since the end of the last century, GM
crops have been the target of campaigns against the
application of genetic engineering in agriculture
(Caradus 2023). This campaign produced weekly bul-
letins widely disseminated over the internet, mainly
among upper-middle-class consumers in large cit-
ies. These publications bring warnings about the
supposed dangers of GMOs for the environment,
human and animal health, and the economy. Santos
et al. (2023) investigated whether a cultivar of trans-
genic beans developed by Embrapa, in Brazil, has the
potential for adoption in the producer and consumer
markets. Through semi-structured interviews, data
were collected from non-probabilistic sampling in
the state of Goias, Brazil. The results indicate that
producers are prone to planting the transgenic bean.
Among consumers, 79% would eat transgenic beans,
while 21% would not.

In this work, it is interesting that the majority of
respondents said they are willing to consume a GM
lettuce if it is biofortified with folic acid. The propor-
tion of people who would eat GM biofortified let-
tuce is higher in the Midwest region. Perhaps this is a
reflection of the fact that this is an agricultural region,
where GM crops are mostly grown, such as cotton,
corn, soybeans and beans (Klein & Luna 2023). It is
interesting to note that most people know about folic
acid and its importance, perhaps because of the media
and propaganda that recommend it for pregnant
women. In fact, since 2002 Brazil has implemented
mandatory fortification of wheat and maize flours
with folic acid, as a public health strategy aiming to
ensure an adequate intake of folic acid among women
of childbearing age and preventing neural tube defects
in newborns.

Most of the respondents are highly educated
individuals. The large majority have a university
degree, at least (43.5%), whereas just 19.2% of the
general Brazilian population has completed col-
lege/university (https://censo2022.ibge.gov.br). In
India, a survey with university students revealed a
correlation between their knowledge and attitudes
about GM foods. Most of the participants agreed
to have read about GM foods and defined it cor-
rectly. It was observed that attitudes in favor of
GM crops were related to higher knowledge scores
(Rathod and Hedaoo 2022). A survey by Cui and
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Shoemaker (2018) reported that 11.9, 41.4, and
46.7% of respondents had a positive, neutral, or
negative view on GM food, respectively. A minor-
ity of respondents (11.7%) claimed they understood
the basic principles of this technology. Stanton et al
(2021) used a survey with 500 U.S. participants to
verify the extent to which government information
influences and changes consumer attitudes. Once
consumers were “forced” to read a trusted scientific
statement on the safety of GMOs, their concerns
about health (involving the possibility of developing
cancer) decreased significantly. In the present study,
the process to generate the data presented here
involved a "snowball" sampling method (Parker
et al. 2019). In this process, it is difficult to control
the demographic distribution in our sample. Con-
sequently, there were some concentrations in terms
of respondents. However, is interesting to observe
that highly educated individuals tend to have more
knowledge about genetic engineering, biofortifica-
tion and the importance of vitamins, such as folic
acid. In addition, this group can act as opinion lead-
ers. Regarding age groups, our survey mirrors the
Brazilian population spread (Pearson correlation
r=0.84; p=0.00006), with respondents concen-
trated between 31 and 65. Nevertheless, “snowball”
sampling is particularly useful when it is difficult
to access a population directly, as occurs in a large
country like Brazil. In addition, it is cost-effective
compared to other sampling methods, since par-
ticipants are recruited through existing networks,
which makes them more willing to participate in
a study if they are referred by someone they know
and trust.

In conclusion, this research demonstrated that if
there is an explanation of the advantages in rela-
tion to the use of biotechnology, as provided in
this study, in this case enrichment with folic acid,
acceptance may increase. Therefore, it is recom-
mended that the advantages of biotechnology be
publicized and popularized.
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