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Abstract

The aim of the article is to show the current state of public opinion of Poles on biotechnology and genetic en-
gineering in the context of European Union countries. The authors refer to the results of their own study based
on a survey conducted in 2019 in Poland. To introduce the matter of public opinion on biotechnology and genetic
engineering in the European Union a short review of research related to the topic is presented, showing dis-
crepancies in perception of biotechnology and genetic engineering. The results of the survey showed that more
than half of Poles noticed that products obtained by genetic engineering techniques are available on the market.
Despite the fear of the research in the field of biotechnology and genetic engineering, 39 to 69% (depending on
the subject of research) of Poles supported them. Moreover, 62% of Poles were opponents of genetically modified
feeds as they believed that they can be harmful to human life and health. The findings regarding the current
consumer perception, knowledge, and attitude towards genetically modified foods and feeds will help in building
strategic approaches to educating society about genetically modified organisms and genetically modified products.
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Introduction

Handling, preparation, and storage of food to avoid
potential health hazards in ways that prevent food-borne
illnesses at every step of the food chain all fall under
food safety. As indicated by the World Health Organi-
sation (WHO) more than 200 diseases (ranging from
diarrhoea to cancer) are caused by unsafe food contain-
ing bacteria, viruses, parasites, or chemical substances.
Importantly, foodborne diseases impede socioeconomic
development by impairing healthcare systems as appro-
ximately 600 million people fall ill after eating contami-
nated food, and as a result, 420000 people die every
year (WHO, 2020). This situation influences not only na-
tional health services but also economies, tourism, and
trade as well. Ensuring global food safety necessitates
a good collaboration between governments, producers,
and consumers.

The World Food Summit (1996) defines food security
as “foods that are sufficient, safe and nutritious to meet
dietary needs and food preferences for an active and

healthy life to all people at all times”. Unfortunately,
hunger, food insecurity, and malnutrition remain wide-
spread (Borras and Mohamed, 2020). This situation is
worsened by climate change which is among the factors
that negatively influence the amount and nutrition of
foods. Enormous escalation in fossil fuel production that
results in increasing greenhouse gas emissions (GHG)
is among the predominant elements limiting agricultural
productivity (Tyczewska et al., 2019; Leisner, 2020;
McGrath and Lobell, 2013; Loladze, 2014; Myers et al.,
2014). Such decline in crop yield and at the same time
its nutrition are associated with abiotic and biotic stres-
ses. Extreme temperatures, alterations in precipitation,
and increased occurrence of extreme weather events
across the globe prevent crops from growing and chal-
lenge adequate and nutritious food production (Tyczew-
ska et al., 2019; Leisner, 2020; Teixeira et al., 2013;
Yang et al., 2016; Hussain et al., 2018; Nakashima et al.,
2014). The situation becomes even more serious when
we take into account the increasing global population,
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estimated to reach more than 9 billion people by 2050
(Fedoroff et al., 2010; Tyczewska et al., 2019). Moreover,
the current food production levels are not enough to feed
such a large population and it has been determined that
they must be doubled (Ray et al., 2013; Tyczewska et al.,
2019).

The recent advances in molecular biology and genetic
engineering techniques open new horizons and possibi-
lities for the future of agribiotechnology (see Glossary).
Importantly, GM plants can help address some of the
challenges that are ahead of the human race like reduc-
ing fossil fuel use (as the source of biomass: wood pel-
lets, grasses, microalgae, for heating and energy produc-
tion), greenhouse gas emissions (by applying no-tillage
agricultural practices), production of large amounts of
nutritious food and feed (eg. stress-tolerant varieties, for-
tified with nutrients). Unfortunately, genetically modi-
fied (GM) technology is extremely controversial for
nowadays global food consumers (Cui and Shoemaker,
2018). The commercial development of GM crops star-
ted in 1996 with GM corn and has been developing fur-
ther every year with the increasing cultivation of GM
crops. According to the International Service for the
Acquisition of Agri-biotech Applications (ISAAA, 2019)
in 2019 global land use for GM crops reached 190.4 mil-
lion hectares.

New technologies, such as transgenesis and targeted
mutagenesis, have the potential to provide sustainable
agriculture and food security by expanding agricultural
yields, decreasing pesticide usage, and increasing the
nutritional value of crops products (Klumper and Qaim,
2014; Barrows et al., 2014; Hansson et al., 2018). Accor-
ding to WoZniak et al. (2020), the strongest limitations
happen in the field of agribiotechnology and are associa-
ted with “legal obstacles for marketing and further sale
of such technologies as effects of genetic engineering”.
Farmers require the most innovative technologies to be
competitive, allowing yields to increase and to export
the goods. Prohibiting innovative plant breeding techno-
logies, such as genome editing will cause the depen-
dence of farmers on older, less efficient technologies,
resulting in lower yields and decreasing the competiti-
veness of European farmers compared to those from
other parts of the world where the farming of GMOs is
less restricted (Smyth and Lassoued, 2019).

The transition towards biotechnology and genetic
engineering depends not only on the efforts and inte-
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rests of experts and policymakers but also on the accep-
tance and involvement of society. The importance of gai-
ning insight into people’s perceptions of new techno-
logies can be described in the case of genetic modifica-
tion. Even though the experts see many benefits to
genetic modification, this technology is not generally ac-
cepted and might even be discarded by users (Sijtsema
et al., 2016). In fact, worldwide consumers are concer-
ned about the use of GM crops for food purposes (Kim
et al., 2018; Kubisz et al., 2021; Wozniak et al., 2021;
Sikora and Rzymski, 2021; Lassoued et al., 2019).

Due to the fact that the transition towards a “bio-
based society” is still at an early stage, it is important to
consider what types of expectations and concerns con-
sumers have. As noted by Aguilar et al. (2019) future
bioeconomy requires not only people’s involvement and
engagement but a new systemic approach. In this article,
the results of research on the social attitudes of Poles
toward GM food and feed on the background of the opi-
nions of citizens of other European countries are des-
cribed and discussed.

Materials and methods

Participants

The target population (respondents) constituted resi-
dents of Poland over 15 years old. The survey was distri-
buted to all 16 administrative divisions of Poland (so-cal-
led voivodeships). The sample was random-quota and
was selected from the sampling TERYT address. Layer-
ing takes into account the size of the locality and territo-
rial distribution within voivodeships, as well as the gen-
der and age of the selected people. The basis for layer-
ing was demographic data contained in the publication of
the Central Statistical Office Population. State and struc-
ture in the territorial division (CSO, 2019).

Questionnaire design

Ten questions were designed to investigate 1) the
awareness about products obtained by genetic engine-
ering techniques, 2) the opinion about different applica-
tions of biotechnology and genetic engineering, 3) ge-
neral opinion about GM feeds. Questions were precisely
prepared by the authors and were submitted for imple-
mentation to the external company in 2019. In addition,
the respondents were asked about their socio-demo-
graphic characteristics, including sex, age, educational
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level, income and region of residence. The question-
naire was prepared in Polish (see supplementary ma-
terial 2). Due to the incomplete number of people deter-
mining their income level, this characteristic was ex-
cluded from the analysis.

Data collection

The survey of Poles’ opinions on biotechnology and
genetic engineering was carried out using the technique
of direct interviews — Computer-Assisted Personal Inter-
viewing (CAPI) in the homes of the respondents. The
total number of surveys completed was 1008. Interviews
were conducted on August 23-28, 2019, as part of a
cyclical omnibus study. The questionnaire was in Polish
and took about 20 minutes to complete.

Data analysis

All collected data were entered into a multivariate
Excel worksheet.

Statistical analyses

Analysis was carried out in R software, version 4.0.5.
The relationship between variables was verified using
the chi-square test, including Cramer’s V effect size
measure. All tests were based on a = 0.05.

Results

Demographic characteristics

In total, 1008 respondents took part in a survey, in-
cluding 483 men and 525 women. A detailed presen-
tation of the socio-economic characteristics of Polish
respondents is provided in Table 1.
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Table 1. Socio-economic characteristics of respondents

Feature Number of respondents
Poland n=1008
Gender n [%]
man 483 (48)
woman 525 (52)
Age n[%]
15-29 231 (23)
30-39 195 (19)
40-49 153 (15)
50-59 167 (17)
60+ 262 (26)
Education n [%]
basic 203 (20)
vocational 249 (25)
upper-secondary 335 (33)
tertiary 221 (22)
Income®
to 1000 PLN 42
1001-2000 PLN 170
2001-3000 PLN 189
more than 3000 PLN 142
Region of residence n [%]
North 100 (10)
East 191 (19)
West 174 (17)
Central 243 (24)
South 300 (30)

* excluded from the analysis due to not sufficient data

Do you think that on the Polish market are available:

25
I I
2 23

Drugs that are products
of genetic engineering,
e.g. hormones such as insulin

such as tomatoes,

Data in %

Fresh vegetables and fruits,

apples that are products
of genetic engineering

——

Food additives obtained
from genetically modified plants,
such as lecithin in chocolate,

soy protein in meat

= Yes = No

Not sure

Fig. 1. Public opinion about availability of products of genetic engineering on the Polish market
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Consumers’ knowledge and attitudes towards GM food

In Poland in 2019, more than 50% of Poles believed
that on their market products obtained by genetic engi-
neering techniques (drugs, vegetables, fruits and food)
were available (Fig. 1).

Polish women were slightly more aware of the availa-
bility of drugs (F58%, M53%) * and food additives (F54%,
Mb52%) that are the products of genetic engineering on
the Polish market than men. In the 30-39 age group
- about 60% of respondents believed that drugs that are
genetic engineering products are available on the Polish
market. When it comes to the presence of vegetables
and fruits obtained by genetic engineering techniques
greater awareness was among people from the older age
group (40-49 years old - 57%, 50-59 years old - 56% of
respondents). In terms of awareness of the availability of
food additives obtained from GM plants on the Polish
market similar results were obtained in three age
groups: 30-39 (57%); 40-49 (57%) and 50-59 (58%).

There was a significant relationship between know-
ledge on the availability of products of genetic engineer-
ing on the Polish market and education (P < 0.001 for
the availability of drugs, P= 0.002 for the availability of
fruits/vegetables and P = 0.018 for the availability of
food additives). For all areas of knowledge verification
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(availability of drugs, fruits/vegetables and food addi-
tives), the higher the education level, the greater was
the percentage of responses confirming availability. The
effect size of the dependency between education and
knowledge on the availability of products of genetic en-
gineering was weak (for the area of food additives,
V'=0.087) to moderate (for the areas of drugs, V/'=0.112
and fruits/vegetables, /= 0.102) (Table 2).

Importantly, only one in four (24%) Poles said that
the production and sale of transgenic food should be
allowed (Fig. 2). Over half of the respondents (52%)
wanted it to be banned, and 24% of respondents did not
have an opinion on this subject. Interestingly, people
with basic education slightly more often (28%) than
those with higher education (24%) believed that produc-
ing and selling transgenic food should be allowed. Res-
pondents living in the central and southern parts of Po-
land were more likely to advocate a ban on the produc-
tion and sale of GM food.

There was a statistically significant relationship be-
tween knowledge of the availability of products of gene-
tic engineering on the Polish market and the opinion
that GM plants should be cultivated in Poland to ensure
food and feed security (< 0.001 for all 3 areas of know-
ledge verification) — with very strong effect size.

Table 2. Knowledge of the availability of products of genetic engineering in the Polish market against education

Do you think that Education Test
on the Poli§h market basic vocational upper-secondary tertiary statistics P
are available: N=203 N=249 N=335 N=221
drugs that are products of genetic engineering, e.g. hormones such as insulin?
Yes 93 (45.7) | 124 (49.8) 200 (59.6) 142(64.4) 2 o509
No 46 (22.8) 50 (20.0) 64 (19.0) 43 (19.7) df=6 <0.001
Difficult to say 64 (31.6) 75 (30.2) 72 (21.4) 35(15.9) /- 0112
fresh vegetables and fruits, such as tomatoes, apples

Yes 101 (49.9) 112 (45.0) 174 (51.8) 134(60.4) 2415
No 42 (20.6) 68 (27.1) 91 (27.1) 55 (24.8) df=6 0.002
Difficult to say 60 (29.5) 69 (27.9) 71 (21.1) 33(14.8) /0102

food additives obtained from genetically modified plants, such as lecithin in chocolate, soy protein in meat?
Yes 95 (46.9) | 121 (48.7) 184 (54.9) 132(59.6) 2 _ 1537
No 42 (20.8) 56 (22.6) 69 (20.5) 51 (23.0) df=6 0.018
Difficult to say 66 (32.4) 72 (28.7) 83 (24.6) 39 (17.5) /0087

Data presented as 1 (% of education group); analysis with chi-square test; XZ - chi-square statistics, df- degrees of freedom,

V-Cramer’s — Veffect size
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In your opinion, should the production and sale of transgenic food
be allowed or prohibited?

26 24

Data in %

 Allowed m Rather allowed = Rather prohibited Prohibited Not sure

Fig. 2. Public opinion about production and sale of transgenic food

Table 3. Opinion about GM plants vs. knowledge on the availability
of products of genetic engineering on the Polish market

Do you think that on the Polish market are available:
Q5: Do you think that drugs that are products of genetic engineering,
genetically modified plants e.g. hormones such as insulin? Test P
should be cultivated in Poland s o difficult to sa statistics
to ensure food and feed security? y y
N=1559 N=203 N=246
Yes 73 (13.1) 23 (11.3) 8(3.3)
Rather yes 142 (25.4) 44 (21.7) 24 (9.8) X2 ~138.17
Rather no 128 (22.9) 53 (26.1) 51 (20.7) df=8 <0.001
No 136 (24.3) 67 (33.0) 55 (22.4) V=0.262
Not sure 80 (14.3) 16 (7.9) 109 (44.3)
Do you think that on the Polish market are available:
fresh vegetables and fruits, such as tomatoes, apples T
est P
yes no difficult to say statistics
N=521 N=255 N=233
Yes 73 (14.0) 20 (7.8) 11 (4.7)
Rather yes 143 (27.4) 44 (17.3) 22(9.4) = 119.98
Rather no 110 (21.1) 66 (25.9) 56 (24.0) df=8 <0.001
No 122 (23.4) 88 (34.5) 48 (20.6) V=0244
Not sure 72 (13.8) 36 (14.1) 95 (40.8)
Do you think that on the Polish market are available:
food additives obtained from genetically modified plants,
such as lecithin in chocolate, soy protein in meat? Test P
yes no difficult to say statistics
N=532 N=218 N=258
Yes 43 (8.3) 11 (4.3) 4 (1.7)
Rather yes 104 (20.0) 51 (20.0) 22 (9.4) 2 = 108.08
Rather no 137 (26.3) 69 (27.1) 56 (24.0) df=8 <0.001
No 142 (27.3) 71 (27.8) 51 (21.9) V=0.231
Not sure 95 (18.2) 52 (20.4) 99 (42.5)

Data presented as 2 (% of group from column); analysis with chi-square test; x2 - chi-square statistics, df - degrees of freedom, V-Cramer’s
- Veffect size
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Table 4. Q6 against knowledge on the availability of products of genetic engineering on the Polish market
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] ) ) Do you think that on the Polish market are available:
Q6: Do you think that using genetically drugs that are products of genetic engineering,
modified feeds should be banned e.g. hormones such as insulin? Test
in Poland, even if this would lead - statistics P
to an increase in production costs yes no difficult to say
f ilk, , Itry?
or itk eggs, POty N=559 N-203 N- 246
Yes 167 (29.9) 47 (23.2) 49 (19.9)
Rather yes 190 (34.0) 60 (29.6) 70 (28.5) = 11437
Rather no 80 (14.3) 44 (21.7) 24 (9.8) df=8 <0.001
No 29 (5.2) 34 (16.7) 7(2.8) V=0.238
Not sure 92 (16.5) 19 (9.4) 96 (39.0)
Do you think that on the Polish market are available:
fresh vegetables and fruits, such as tomatoes, apples T
est P
yes no difficult to say statistics
N=521 N=255 N=233
Yes 151 (29.0) 67 (26.3) 46 (19.7)
Rather yes 164 (31.5) 85 (33.3) 71 (30.5) 2 = 56.80
Rather no 89 (17.1) 37 (14.5) 21 (9.0) dr=8 <0.001
No 33 (6.3) 27 (10.6) 10 (4.3) V=0.168
Not sure 84 (16.1) 38 (14.9) 84 (36.1)
Do you think that on the Polish market are available:
food additives obtained from genetically modified plants,
such as lecithin in chocolate, soy protein in meat? Test P
yes no difficult to say statistics
N=532 N=218 N=258
Yes 165 (31.0) 53 (24.3) 45 (17.4)
Rather yes 168 (31.6) 76 (34.9) 77 (29.8) A =82.33
Rather no 78 (14.7) 43 (19.7) 26 (10.1) df=8 <0.001
No 37 (7.0) 22 (10.1) 11 (4.3) V=0.202
Not sure 84 (15.8) 24 (11.0) 99 (38.4)

Data presented as 2 (% of group from column); analysis with chi-square test; XZ - chi-square statistics, df - degrees of freedom,

V-Cramer’s — Veffect size

Responders who were giving confirming responses
on the availability of GM drugs, fruits/vegetables and
food additives were more frequently presenting a posi-
tive opinion (responses ‘Yes’ or ‘Rather yes’) in the area
that GM plants should be cultivated in Poland to ensure
food and feed security. Additionally, responders, who
had difficulty in answering questions verifying their
knowledge of GM products in all 3 areas were also more
often not sure about their opinion on the production and
sales of this type of product (Table 3).

There was a statistically significant relationship be-
tween knowledge of the availability of products of gene-
tic engineering on the Polish market and the opinion
that using GM feeds should be banned in Poland, even
if this would lead to an increase in production costs for
milk, eggs, poultry (P < 0.001 for all 3 areas of know-
ledge verification) — with strong or very strong effect
size. Responders who were giving confirming responses
on the availability of GM drugs, fruits/vegetables, and
food additives were more frequently presenting the con-
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Table 5. Q8 against knowledge on the availability of products of genetic engineering on the Polish market

Do you think that on the Polish market are available:
Q8: In your opinion, should drugs that are products of genetic engineering,
the production and sale e.g. hormones such as insulin? Test P
of transgenic food be allowed os o difficult to sa statistics
or prohibited? v v
N=559 N=203 N=246
Allow 38 (6.8) 17 (8.4) 4 (1.6)
Rather allow 110 (19.7) 46 (22.7) 20 (8.1) 2 =99.55
Rather prohibit 145 (25.9) 57 (28.1) 60 (24.4) df=8 <0.001
Prohibit 162 (29.0) 54 (26.6) 48 (19.5) V=0.222
Not sure 104 (18.6) 28 (13.8) 114 (46.3)
Do you think that on the Polish market are available:
fresh vegetables and fruits, such as tomatoes, apples T
est P
yes no difficult to say statistics
N=521 N=255 N=233
Allow 43 (8.3) 11 (4.3) 4 (1.7)
Rather allow 104 (20.0) 51 (20.0) 22 (9.4) 2 = 68.30
Rather prohibit 137 (26.3) 69 (27.1) 56 (24.0) df=8 <0.001
Prohibit 142 (27.3) 71 (27.8) 51 (21.9) V=0.184
Not sure 95 (18.2) 52 (20.4) 99 (42.5)
Do you think that on the Polish market are available:
food additives obtained from genetically modified plants,
such as lecithin in chocolate, soy protein in meat? Test p
- statistics
yes no difficult to say
N=1532 N=218 N=258
Allow 38 (7.1) 17 (7.8) 4 (1.6)
Rather allow 106 (19.9) 46 (21.1) 25 (9.7) XZ - 7933
Rather prohibit 136 (25.6) 55 (25.2) 71 (27.5) df=8 <0.001
Prohibit 155 (29.1) 61 (28.0) 48 (18.6) V=0.199
Not sure 96 (18.0) 39 (17.9) 110 (42.6)

Data presented as n (% of group from column); analysis with chi-square test; xz - chi-square statistics, df - degrees of freedom,

V-Cramer’s - Veffect size

firming opinion (responses ‘Yes’ or ‘Rather yes’) on ban-
ning sales of GM feeds.

Additionally, responders, who had difficulty in answer-
ing questions verifying their knowledge of GM products
in all 3 areas were also more often not sure about their
opinion on the sales ban of this type of product (Table 4).
There was a statistically significant relationship between
knowledge of the availability of products of genetic engi-
neering on the Polish market and the opinion that the
production and sale of transgenic food should be allowed
or prohibited (P<0.001 for all 3 areas of knowledge ve-

rification) — with strong or very strong effect size. Res-
ponders, who had difficulty in answering questions veri-
fying their knowledge of GM products in all 3 areas were
also more often not sure about their opinion on the pro-
duction and sales of transgenic food (Table 5).

Over half of Poles (60%) would not be convinced by
such features of transgenic food as lower price, better
nutrition value, better taste and appearance, and longer
durability (Fig. 3). Increased nutritional value was the
most encouraging and would convince 31% of respon-
dents. Longer durability of food (28% of respondents),
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Which of the following features of genetically modified food

could convince you to buy this kind of food?

Lower price 16 57
Better nutrition value [N 15 54
Better taste 17 56
Better appearance |INNEZ SN 16 60
Longer durability [INEL I 15 56
Data in %
m Convince Not sure Not convince

Fig. 3. Public opinion about features of GM food

lower price (27%) and better taste (27%) were the re-
maining important factors. A better look, indicated by
24% of respondents, was the least encouraging.
Features of GM food that could convince people to buy
this kind of food were significantly related to education
level (P < 0.001 for each feature with moderate effect
size): For each feature, the percentage of responses
‘Would convince’ was declining with growth in education
level. At the same time for each feature analysis the per-
centage of responses ‘Would not convince’ was increasing
with the growing education level. Additionally, the per-
centage of unsure responders was declining with growth
in education level (Table 6). There were no significant dif-
ferences in the features of GM food that could convince
to buy this kind of food against sex and age (P> 0.05).

Opinion on different applications of biotechnology
and genetic engineering

In question 2 respondents were asked to indicate if
they agreed or disagreed with different sentences re-
lated to biotechnology and genetic engineering. The first
sentence referred to using new methods of biotechno-
logy and genetic engineering in the production and
processing of food. As a result, almost half of the re-
spondents (47%) answered that this research should be
conducted and supported. However, 61% of respondents
said that new methods of biotechnology and genetic
engineering may involve a risk to human health or the
environment. Almost 74% of respondents thought that
such research must be controlled by the government and
regulated by law. Relationship between age and opinion:
‘Regardless of the type of research, it (using new me-
thods of biotechnology and genetic engineering in the
production and processing of food) must be controlled
by the government and regulated by law’ was statistically

significant (P = 0.047), but with a very weak strength
(V=0.081). The percentage of responders who strongly
agreed with this statement was higher in groups 50-59
years and above 60 years (47% and 37% respectively) vs.
29% and 30% in age groups of 15-29 years and 30-39
years. Younger responders more often gave the res-
ponse “Agree” than older age groups. Relationship be-
tween education and opinion: ‘This research (using new
methods of biotechnology and genetic engineering in the
production and processing of food) may involve a risk to
human health or the environment was statistically signi-
ficant (P= 0.012) with weak effect size (V= 0.092). The
percentage of positive responses was growing with edu-
cation (52% in the basic education group for responses
‘Agree’ or ‘Strongly agree’ to 70% in the tertiary edu-
cation group).

Approximately every third Pole believed that the use
of modern biotechnology in food production, e.g. to
increase the protein content, extend the shelf life, or
change the taste, is useful (33%), should be supported
(31%) and can be accepted (32%). At the same time,
there were more people who considered it harmful
(45%), believed that it should be banned (46%) and could
not be accepted (46%). Forty seven percent of women
and 44% of men believed that the use of modern biotech-
nology in food production was harmful. This opinion was
expressed by 46% of Poles aged 40-49 and 47% aged
50-59, 56% of respondents agreeing with this statement
had a tertiary level of education. Using modern biotech-
nology in food production should be banned according to
almost 50% of women and 43% of men. Interestingly,
46% of respondents supporting this narration were aged
between 50 and 60+, 52% had higher education. Re-
search related to GM food production was not accep-
table to 49% of women and 44% of men.
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Table 6. Features of genetically modified food that could convince to buy this kind of food against education

Which of the following features Education
of genetic_ally modified fOOd. basic vocational | upper-secondary tertiary T?SF P
could convince you to buy this statistics
kind of food? N=203 N=249 N=2335 N=221
Lower price
convince 67 (33.1) 65 (25.9) 91 (27.3) 45 (20.4) = 31.08
not convince 90 (44.6) 132 (53.2) 200 (59.7) 151 (68.1) df=6 <0.001
not sure 45(22.3) 52 (20.9) 44 (13.0) 25(11.4) 7 0110
Better nutrition value
convince 67 (33.0) 64 (25.9) 117 (34.9) 62 (28.1) 1 = 28.83
not convince 94 (46.1) 131 (52.6) 181 (54.1) 137 (62.0) df=6 <0.001
not sure 43(21.0) 54 (21.5) 37(110) 2200 /7OM3
Better taste
convince 66 (32.4) 64 (25.6) 94 (28.2) 51 (23.1) i =27.27
not convince 90 (44.2) = 134 (53.6) 194 (58.0) 146 (66.2) df=6 <0.001
not sure 48(23.4) 52 (20.7) 47(139) 24007 V70102
Better appearance
convince 57 (27.9) 52 (21.1) 83 (24.8) 49 (22.0) o = 24.49
not convince 98 (48.1) 149 (59.8) 211 (63.0) 146 (66.1) df=6 <0.001
not sure 49 (24.1)  48(19.2) 41 (12.2) 26(11.9) /=010
Longer durability
convince 70 (34.4) 65 (26.2) 93 (27.8) 56 (25.4) o = 37.84
not convince 86 (42.2) = 133 (53.5) 207 (61.9) 143 (64.5) df=6 <0.001
not sure 48(235) 50 (20.3) 35(103) 2201 /70127

Data presented as 2 (% of education group); analysis with chi-squ
V-Cramer’s — Veffect size

More than half of Poles (59%) said that using micro-
organisms during the production of food products such
as bread, beer and yoghurt should be conducted and
supported. Moreover, 55% of respondents thought that
this kind of research may involve a risk to human health
or the environment. The percentage of positive respon-
ses was growing with education (45% in the basic edu-
cation group and 46% in the vocational education group
for responses ‘Agree’ or ‘Strongly agree’ to 60% in the
tertiary education group). The percentage of undecided
responders was declining with a growing level of educa-
tion (from 22% in the basic education group to 13% in
the tertiary education group). Seventy two percent of
respondents answered that the research of using micro-
organisms during the production of food products must
be controlled by the government and regulated by law.

are test; XZ - chi-square statistics, df - degrees of freedom,

Interestingly, even if Poles supported research in the
field of biotechnology and genetic engineering, they
were afraid of them. Forty eight percent of respondents
said that research related to using biotechnology and ge-
netic engineering in breeding livestock (so that ani-
mals are immune to diseases, grow better, give more
meat or milk) should be conducted and supported. How-
ever, 62% of Poles believed that they have an impact on
health and the environment. Such an opinion belonged
to 65% of Poles aged 15-29 years, 68% of those with
a tertiary level of education. Seventy three percent of
Poles thought that this research must be controlled by
the government and regulated by law.

Sixty four percent of Poles were positive about using
biotechnology and genetic engineering in the production
of new vaccines and drugs and believed that they
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should be conducted and supported. Slightly less, 58% of
respondents were afraid that such research may pose
a threat to human health and the environment. On the
other hand, 75% of respondents believed that they must
be controlled by the government and regulated by law
(claimed by 83% of respondents with a tertiary level of
education). Sixty six percent of men and sixty two per-
cent of women said that research related to the produc-
tion of new vaccines and drugs should be supported.
This was the opinion of 71% of Poles aged 15-29 years,
on a tertiary level of education (66%).

About 69% of Poles said that using microorganisms
to treat sewage and other wastes should be carried out
and supported. Fifty four percent of respondents be-
lieved that they may pose a threat to human health and
the environment, and 74% thought that such research
must be controlled by the government and regulated by
law. Seventy one percent of women and 67% of men said
that such research should be supported. Such an opinion
was expressed by 73% of Poles aged 15-29 years, on
a tertiary level of education (73%).

According to 44% of Poles, using biotechnology by
isolating genes responsible for plant resistance to
insects and their use in the production of other plants,
so that they are also resistant to insects was useful, the
same percentage of respondents thought that it should
be supported, and 45% that it is acceptable. Twenty six
percent of respondents were convinced of the harmful-
ness of such use of biotechnology, 26% wanted to pro-
hibit it, and for every fourth (25%) it was unacceptable.

Almost half (47%) of Poles assessed the usefulness of
introduction of human genes into bacteria to obtain
medicines or vaccines valuable in human treatment.
Forty eight percent of respondents believed that such
use of genetic engineering should be supported, and for
49% it was acceptable. Every fourth (25%) respondent
considered them harmful and the same percentage
would like to ban such practices. Moreover, for 22% of
Poles, they were unacceptable.

Forty one percent of Poles found it useful to breed
GM animals used for laboratory tests. For 39% of res-
pondents, it should be supported and for 41% it was ac-
ceptable. According to 24% of respondents, such use of
genetic engineering was harmful, 25% would like to ban
it, and for 22% it was unacceptable. It is worth mention-
ing that more than 1/3 of people did not know how to
assess this specific application of genetic engineering.
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Genetic alteration of microorganisms in order to use
them to purify the environment was useful for over half
(55%) of Poles. Men more often than women pointed out
the utility of such research (M58%; F53%). Fifty four
percent said that such research should be supported,
and for 55% they were acceptable. Respectively, 20%,
21% and 19% of respondents considered them harmful,
wanted to ban them and assess them as unacceptable.
Sixty percent and 59% of respondents supporting the use
of microorganisms were Poles aged 30-39 and 40-49,
respectively, on upper-secondary (57%) and tertiary
(63%) levels of education. Fifty seven percent of men
and 52% of women said that research related to using
microorganisms to purify the environment should be
supported. The main groups of the supporters consti-
tuted people aged 40-49 (58%) and 50-59 (59%), on
upper-secondary (56%) and tertiary (60%) levels of edu-
cation. Moreover, this application of biotechnology could
be accepted for moral reasons by almost 60% of men and
51% of women.

The most controversial application of biotechnology
and genetic engineering was introducing human ge-
nes to animals to produce transplant organs for hu-
mans. It was useful in the opinion of 39% of respondents.
Such practices were supported by 37%, and 38% believed
that this was acceptable. Every fourth (24%) of Poles saw
such technologies as harmful, 23% would like to ban
them, and for 21% they were unacceptable. A significant
part of the population (between 37% and 40%) did not
know what to think about this issue. Better educated
people were more often willing to accept the use of
genetic engineering to help clean the environment, but
when modifications related to animals or food were
involved, such issues were slightly easier acceptable to
less educated people. Interestingly, 42% of Poles who
supported such application of biotechnology were be-
tween 15 and 29 years of age, and 40% had upper-secon-
dary education. Contrarily, 41% of those who wanted to
ban it were between 50 and 59 years of age, and 44%
with higher education. Younger respondents (age 15-29
(43%)) claimed that this application could be accepted,
whereas older Poles indicated that this application could
not be accepted (age 40-49 (42%)) for moral reasons.

Opinion about GM feeds

In 2019, 62% of Poles believed that products derived
from animals fed with GM feed can be harmful to human
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What do you think about it:
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products from animals, which were fed with genetically modified feeds _
can be harmful to the human life and health 27 35 125 20
genetically modified plants should be cultivated in Poland
to ensure food and feed security 21 23 26 20
genetically modified feeds should be banned in Poland, “
even if this would lead to an increase in production costs 32 15 7 21
for milk, eggs, poultry
Data in %
= Yes = Rather yes Rather no No Not sure

Fig. 4. Public opinion about GM plants

life and health (Fig. 4). Only 17% of respondents had the
opposite opinion. Moreover, 58% of respondents were in
favour of a ban on the use of GM feed, even if this would
involve an increase in the cost of producing milk, eggs
and poultry. Only 22% of respondents were against the
ban. Interestingly, the older the respondents were, the
more they indicated the harmfulness of products derived
from animals fed with GM feeds (for instance, for 62% of
respondents in the age group 60+ it was the most har-
mful). Sixty eight percent of respondents with higher edu-
cation thought that these products can be harmful. Res-
pondents living in the central (68%) and southern (61%)
parts of Poland more often pointed to the harmfulness of
products derived from animals fed with GM feeds to
people. Every third Pole (31%) said that GM plants should
be grown in Poland to ensure food and feed safety.

On the other hand, 49% of respondents did not agree
with this opinion. Among people with higher education,
support for the ban on the use of GM feed reached 62%,
whereas in a group of people with basic education it was
52%. The majority of respondents aged between 40 and
49 (54%) and 50 and 59 (53%) believed that GM crops
should not be grown in Poland. The largest group of
people who opposed the cultivation of GM plants in
Poland were people with basic education (53%) and
people with upper-secondary and higher education (50%
each). More often, people from the southern region of
Poland (53% of respondents) objected to the cultivation
of GM plants in Poland. Moreover, the higher the res-
pondents’ education, the more often they said that using
GM feed should be banned in Poland (62% of respon-
dents with a tertiary level of education were against
using GM feed in Poland). There was no significant cor-
relation between opinion on the usage of GM feeds and
education (P > 0.05). Feeds derived from rapeseed

were just as valuable as those derived from soybeans
according to 47% of Poles, and those derived from GM
soybeans, according to 51%. A significant share of res-
pondents (28% and 29%, respectively) were unable to an-
swer this question.

Discussion

As a result of climate change, population and live-
stock growth, soil pollution and erosion, we are forced to
find new ways to ensure the safety and security of food.
As noted by Carzoli et al. (2019) one of the solutions to
increase food security is to improve agricultural pro-
ductivity and the quality of food. Due to the fact that
standard production procedures for the generation of
new plant varieties are long and laborious, genetic en-
gineering techniques, in particular, new breeding tech-
niques (NBTs) (see Glossary) developed recently (Har-
tung and Schiemann, 2014; Sauer et al., 2016; Bortesi
and Fischer, 2015; McNutt, 2015; Zimny et al., 2019;
Lassoued et al., 2019), are a great alternative to achieve
advances in various fields of bioeconomy. Such methods
can be used to introduce new plant varieties (more nutri-
tious, stress-tolerant, herbicide-tolerant, etc.) into the
environment, as well as preserve the natural environ-
ment and human health (Carzoli et al., 2019).

In Europe, in 2020, MON 810 (Bt-resistant) maize
was planted on approximately 102 367 hectares in only
two countries — Spain and Portugal (Report MON 810,
2021). In August 2021, the European Commission an-
nounced the authorization (valid for 10 years) of seven
GM crops (3 maize, 2 soybeans, 1 oilseed rape, and 1
cotton) and renewal of the authorizations for two maize
and one oilseed rape used for food and animal feed. Im-
portantly, the authorization decisions do not cover culti-
vation, besides any product produced from these GMOs
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will be subject to the EU's strict labeling and traceability
rules (ISAAA, 2021). Soybean, maize, and rapeseed are
the most important crops used as feed for livestock. EU
import dependency is particularly high for soybeans
used in feed, with EU soya production covering less than
3% of its needs (EU 2020-2021). The Polish study sho-
wed that almost 60% of respondents were in favour of
a ban on the use of GM feed, even if it would involve an
increase in the costs of milk, egg and poultry production.
However, in Poland the ban on using GM components in
animal feed was postponed by the government several
times - finally until January 1, 2023 (The National Legal
Act on Feed, 2006; Tygodnik Rolniczy, 2020).

Consumers’ attitudes to GM food are complex and
directly linked with people’s awareness and knowledge,
lifestyles and current worldwide trends. According to the
Food Safety report (2019), Europeans have a high level
of awareness of food safety issues as 72% of them said
that they have heard about the food and drink additives
like colours, preservatives or flavourings. Moreover, 98%
of respondents from Sweden, 95% from the Netherlands
and 87% from Estonia “most likely” heard about these
compounds. Interestingly, 60% of Europeans heard
about GM ingredients in foods or drinks, whereas
only 21% heard about genome editing, while in Poland
it was 58% and 16%, respectively. Respondents from
Sweden were most likely to have heard about GM ingre-
dients in food and drinks (83%), whereas respondents
from Finland (62%) and Estonia (57%) were most aware
of genome editing. When it comes to socio-economic
relations, it is worth mentioning that people who have
heard about GM ingredients in food and drinks were
adults (20+), self-employed or managers (Food Safety
Report, 2019).

Importantly, as much as 43% of Europeans believed
that food products were full of harmful substances. The
highest level of compliance with this statement was re-
corded in Cyprus (66%), France (63%) and Croatia (61%),
in Poland it was 52%. The lowest level of agreement with
that statement was in Finland (17%), Sweden (24%) and
Germany (29%) (Food Safety Report, 2019). Interes-
tingly, in a Polish study, a large group of respondents
had false beliefs (e.g. that there are fresh GM products
available on the Polish market) and this group tended to
oppose the technology. To a large degree, the ignorance
of the society in the aspect of genetic engineering re-
sults from a lack of honest and reliable information on
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GM food diffused by the opponents of GMO. Sadly, until
recently the scientific community lacked the interest in
sharing the results of thousands of studies showing no
GMO harm to humans or the environment. In order to
achieve food security the newest biotechnology achieve-
ments must be thoughtfully and sustainably incorporated
into agricultural practice. They also must be continu-
ously explained to the public. It is extremely important
to engage the scientific community in the discourse on
biotechnologies and to prevent discussions based on
inaccurate or false information.

In 2019, Europeans were most likely to be concer-
ned about antibiotic, hormone or steroid residues in
meat (44%), pesticide residues in food (39%), environ-
mental pollutants in fish, meat and dairy (37%) and ad-
ditives like colours, preservatives or flavourings used in
food or drinks (36%). Twenty seven percent of Euro-
peans were concerned about GM ingredients in food
or drinks, whereas only 4% were about genome edit-
ing, while in Poland it was 39% and 5%, respectively.
The highest concerns about GM ingredients in food or
drinks were in Lithuania (45%), Bulgaria and Greece
(both 42%) and Latvia (41%), whereas the lowest level of
concerns was in Malta (12%) and Finland (13%). Such
attitudes could be explained by lesser familiarity with the
field of biotechnology, as well as knowledge among
people from Eastern European countries, an observation
confirmed also by our research. Respondents from Fin-
land were less likely to be concerned about genome
editing (11%), while in Portugal only 1% of residents
showed concerns. It is worth mentioning that the longer
the respondents stayed in education, the more likely
they were concerned about most of the topics (Food
Safety Report, 2019).

This trend is similar to the results of the surveys con-
ducted in Poland and described herein. It can be seen,
also from our analyses, that the way the technology is
used and for what purpose has a great influence on
people’s acceptance. In Poland, the highest support
(69%) was given to the research on the use of microorga-
nisms for the treatment of wastewater and other wastes.
The use of biotechnology in improving plant resistance
to pests gained 44% of support. The contrast in the level
of support for different ways of using genetic engine-
ering and biotechnology was also seen among other
European nations in a recent study (Lakomy et al.,
2018). The biggest support was given to the prevention
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or cure of diseases (from 86% to 96%, depending on the
country), prevention of disabilities (75% to 93%), and
organ transplantation (70% to 90%) (Lakomy et al.,
2018). Surprisingly, as shown herein, research aimed at
introducing human genes to animals to produce trans-
plant organs for humans was useful in the opinion of only
39% of Poles. In the EU, the least supported research
was changing non-life limiting characteristics of human
embryos (29% to 49%), and improvement of livestock
production (34% to 57%). Importantly, one of the least
supported uses of the technology was an improvement
of plant production for which the acceptance varied from
49% in Germany and Sweden to 67% in Spain. The big-
gest support for the usage of genetic engineering and
biotechnology was reported in Spain, while the least sup-
portive nation was Czechia (Lakomy et al., 2018). Never-
theless, the most surprising results of the conducted
survey are that only about one third of Poles thought
that the use of modern biotechnology in food production,
e.g. to increase the protein content, extend the shelf life,
or change the taste, is useful and should be supported,
while as much as 45% considered it harmful and believed
that it should be banned (46%).

According to EC F2F strategy, innovations in plant
breeding and crop production can contribute to a more
sustainable food system (F2F strategy 2020). However,
in the case of the EU, the continued uncertainty about
the regulatory status of new breeding techniques (such
as genome editing) may be the key obstacle to reaching
this goal. On 29 April 2021, in light of the Court of
Justice’s judgement in Case C-528/16 on mutagenesis,
the EC submitted a study regarding the status of novel
genomic techniques (NGTs) under EU law. The study
described the limitations of the capacity of EU legisla-
tion to keep pace with scientific and technological pro-
gress, which cause implementation challenges and legal
uncertainties. In addition, it may not be justified to apply
different levels of regulatory oversight to similar pro-
ducts with similar levels of risk, as is the case for plants
conventionally bred and obtained from certain NGTs.
What is more important, it was highlighted that more
effort should be made to inform and engage with the
public on NGTs and to assess their views (EC Study,
2021). Despite the above, the preservative/conservative
attitude of the EU officials/politicians manifested in the
EU GM regulations gives contradictory messages to
society. How is the public supposed to trust that the
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advances in biotechnology and the genome editing fields
are desirable if the authorities demonstrate negative atti-
tudes and lack of confidence? This is sort of a feedback
loop where the negative public opinion shapes the ap-
proach of decision-makers, whose decisions further in-
fluence the public. This is why it is of utmost importance
to educate society, the challenges and solutions of mo-
dern and sustainable food production systems must be
presented clearly and understandably.

One of the essential products of biotechnology are
vaccines, which are especially important during the cur-
rent pandemic crisis. Between 21 and 26 May 2021,
26.106 interviews were conducted in the EU countries
to analyse the attitudes of Europeans on vaccination
against COVID-19. As noted in the EU report (Flash
Eurobarometer 2021) the vaccine acceptance among the
respondents was high and accounted for 69%. Only 9%
would have never gotten vaccinated against COVID-19.
The combined proportion of those who have already
been vaccinated, or would like to get vaccinated as soon
as possible, or had a high vaccine acceptance varied be-
tween 31% in Bulgaria and 86% in Malta. The high vac-
cine acceptance was observed also in Spain (78%), Ger-
many (77%) and Ireland (76%). In the Central and Eas-
tern European countries the acceptance ranged from
61% in Lithuania to 45% in Latvia, in Poland, it accoun-
ted for 58%. Interestingly, the percentage of respondents
who were negative to vaccination and said that they
would never have gotten vaccinated against COVID-19
was the highest in Central and Eastern European coun-
tries (from 14% in Poland to 23% in Bulgaria).

Communication between scientists and the public is
essential, especially regarding the use of genetic engine-
ering technology in the industry. The use of biotech-
nology in medicine or food production is controversial
among today’s consumers. In the past two years, the
COVID-19 pandemic has shown that acceptance of the
vaccine - as one of the products of biotechnology - is the
only way out of the crisis. However, false and not scienti-
fically confirmed information that appeared in the media
and social media influenced the public opinion on the
use of vaccines, and hence during the pandemic, we are
observing the growing movement of anti-vaccines. On
the other hand, public views on GMOs in the EU may
change considering the positive experience of approving
vaccines against COVID-19. The COVID-19 pandemic
may be a trigger for a long-needed shift in the UE regu-
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latory of GMOs. Scientists and the public can be inspired
by the opportunities offered by the new developments in
biotechnology. Research related to public opinion on bio-
technology in Poland described herein was conducted
just before the pandemic, so an important issue is to
analyse the changes in the opinion of Poles after the
pandemic crisis. The comparison of results can indicate
the most important changes in people’s views in times
when biotechnological advances showed their immense
potential.

The positive attitude of the public towards different
technologies was noted in recent studies. According to
Special Eurobarometer (2021), Europeans (V=26 827)
were most likely to think that solar energy (92%), wind
energy (87%), vaccines and combating infectious di-
seases (86%), and information and communication tech-
nology (82%) will have a positive effect on our way of
life in the next 20 years. Interestingly, about 70% said
this about biotechnology and genetic engineering. In
EU countries, the proportion of respondents who think
the effect will be positive ranged from 93-82% in Por-
tugal, Estonia, Finland and Sweden to 55-60% in Ro-
mania, Austria and Croatia. Men were more likely to be
positive about biotechnology and genetic engineering
than women (73% vs 67%). In Poland, 69% of respon-
dents saw a positive effect of biotechnology and genetic
engineering on our life (Special Eurobarometer, 2021).
In 2020 in the EU countries, 42% of respondents indi-
cated that food safety is one of the main factors influenc-
ing Europeans’ food purchases, (together with taste
- 45% and cost — 40%); with the largest proportions ob-
served in Italy (58%), Greece (55%) and Cyprus (51%)
(Special Eurobarometer, 2020).

Conclusions

Based on the analysis of the results of various public
opinion surveys (including the one described herein) it
becomes obvious that the general public has a reason-
ably optimistic view of the contribution of science and
technology to humanity. In the EU, society has noticed
the benefits of using biotechnology and genetic engine-
ering in medicine to prevent or cure diseases and pre-
vent disabilities. However, GM products (especially GM
plants) are being accepted to a lesser degree. Similarly,
in Poland, the support for research in the field of bio-
technology and genetic engineering varied depending on
the subject of research. Research related to environ-
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mental protection (the use of microorganisms for waste-
water and other waste treatment) enjoyed the greatest
public support. On the other hand, research aimed at
using biotechnology and genetic engineering in breeding
and changing the properties (improvement) of produced
food met higher resistance of the Poles. An interesting
result of the Polish study showed that the public had
a positive approach to biotechnology when it limited the
currently harmful effects of conventional agriculture
(e.g. effects of pesticide use).

The need to provide higher amounts of improved (re-
sistant to various stresses, more nutritious, with higher
yields) crops we face now necessitates higher public ac-
ceptance of using novel genetic engineering techniques
such as NBTs. Engaging society, communicating and
explaining biotechnology and genome editing advances
to society is more critical now than ever as current glo-
bal challenges such as climate change, ecosystem degra-
dation, and growing human population have necessitated
seeking new methods of production and consumption.
To achieve the goal we must explain the basic concepts
of such methods to society in a way similar to the efforts
that are being made to demonstrate the detrimental ef-
fects of human activities on the environment. Since most
consumers lack basic knowledge of GMOs there is an
urgent need to develop excellent educational programs
that will improve their familiarity and perception of the
plant improvement via genetic modifications. However,
to do that the first step has to be the determination and
understanding of consumers’ knowledge, attitudes, and
needs in the fields of GM plants and GM food. Future
research will examine the respondents’ current know-
ledge of biotechnology against to their beliefs.
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Glossary

Agribiotechnology: (also named green biotechnology or agri-
cultural biotechnology) is an area of agricultural science that
uses technology based on molecular biology in the agriculture,
forestry and food industries. The most common and at the
same time controversial form of biotechnology in agriculture
is the cultivation of new plant varieties, called genetically mo-
dified (GM) plants.

Gene/genome editing (GE): the International Organization
for Standardization (ISO) defines “genome editing” as “tech-
niques for genome engineering that involve DNA repair me-
chanisms and /or replication incorporating site-specific modi-
fication into a genomic DNA”. ISO states that gene editing is
asubclass of GE, without further indicating whether other sub-
classes are identified. Similarly, the use of the term “genome
engineering” is considered here to relate to “genetic engine-
ering” (see below) in the same way (ISO/DIS 5058-1).

Genetic engineering: term commonly used in the United
States. The United States Department of Agriculture (USDA)
defines genetic engineering as the “manipulation of an orga-
nism’s genes by introducing, eliminating or rearranging spe-
cific genes using the methods of modern molecular biology,
particularly those techniques referred to as recombinant DNA
techniques”.

Genetically modified organism (GMO): any organism, with
the exception of humans, whose genetic material has been
changed in a way that does not occur naturally by mating
and /or natural recombination.

New breeding techniques (NBTs): methods for developing
new varieties in a manner that is faster and more precise than
conventional breeding techniques by modifying the DNA of
seeds and cells. Using NBTs a number of limitations of con-
ventional breeding can be overcome. Some of these methods
include the zincfinger nucleases (ZFNs), TALENSs, and the
meganuclease and CRISPR systems.

Notes

! Primary education. Secondary education: 1) high school,
2) vocational school and technical college. Tertiary education
- post-secondary, higher education (Bachelor, Engineering,
Master, Doctoral).

* Survey questions have been translated into English for the
purposes of the article.

% Separately in the group of women and men.
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