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Abstract: Greek consumers perceive an increased risk of pesticide residues in food. This study
examined Greek consumers’ perceptions of the safety of Greek plant-based food compared to those
from other EU countries. One-half of Greek consumers believe Greek food is as safe as other European
foods, while the other half disagree. According to a principal component analysis and a bivariate
logistic regression, several factors, such as the perceived safety of plant foods, education, age,
gender, traceability, perceived benefits and risks of pesticides, actual pesticide use, and authoritative
information sources, influence this attitude. Authoritative knowledge in this field can reduce risk
perception and improve Greek consumers’ attitudes towards food safety. The latent class analysis
identified two categories of consumers. The first class receives limited information about pesticides,
leading to lower perceived pesticide benefits, higher mistrust of traceability, and concerns about
pesticide residues. In contrast, the second class actively searches for information from credible sources,
endorses the Greek plant foods safety, acknowledges the pesticide benefits, and trusts traceability.
Official information is associated with reduced risk perception. Regulators should consider the
impact of sociodemographic and other intrinsic characteristics on individuals’ risk perceptions and
prioritise transparency in risk communication strategies.

Keywords: food safety; risk perception; information sources; principal components analysis; logistic
regression; latent class analysis; risk communication

1. Introduction

The agricultural sector plays a crucial role in achieving food security, particularly
in underdeveloped nations with high malnutrition and poverty rates. However, global
agriculture’s capacity to meet this demand remains uncertain [1]. Food safety is essential
for ensuring safe, nutritious food, promoting economic growth, and ensuring the preserva-
tion of health and overall well-being. Ensuring food safety is crucial for achieving food
security [2].

Pesticides are widely used in agriculture to improve productivity and product qual-
ity [3], enhancing crop yields and food production. Efficient use of pesticides ensures food
security and sustainability, protecting crops from pests, diseases, and weeds [4–6]. Pre-
and postharvest losses have a negative impact on agricultural production [4,7,8], making
agrochemical use a significant contribution [9–11].

Pesticides have raised concerns about their environmental and human health im-
pacts [12]. The long-term effects of pesticide residues on human health are not fully
understood, and further research is needed to identify potential hazards [3,13,14]. Cur-
rently, research focuses on occupational exposure [12,15], but concerns have also been
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raised about the potential adverse effects of pesticides on the general population through
food consumption [15–17]. Studies have shown that pesticide residues in food pose a threat
to public health, with neurotoxic [18,19] and cytotoxic [20,21] properties influencing gene
mutation, chromosomal impairment, and DNA damage [16,22]. There is evidence of a link
between pesticide use and increased susceptibility to colorectal cancer [23] and Parkinson’s
disease [18,24]. Young children in urban and suburban regions are particularly vulnerable
to pesticide exposure due to their susceptibility to neurological and neurodevelopmental
effects [25–29]. However, Tago et al. (2014) [15] have contended that only a minimal number
of health outcomes linked to pesticides can be classified as causal.

Recent studies suggest that existing risk thresholds for pesticide exposure may not
account for potential synergistic effects from combined exposure [14,30–34]. There is a lack
of agreement on the consequences of interactions, with concerns about potential increased
toxicity [35,36]. Predictability is a challenge due to factors like relative doses, routes,
timing, and duration of exposure [37]. According to Hernández and Lacasaña (2017) [38],
synergistic effects in dietary exposure are rare and cannot be accurately predicted in terms
of the toxicity of the individual components of the mixture.

EU legislation allows food samples with multiple residues to be compliant as long as
each residue does not exceed the individual maximum residue limit (MRL) set for each
substance [39]. The European Food Safety Authority (EFSA) conducted two cumulative
risk assessments on dietary exposure to pesticides with acute neurotoxic effects [40] and
chronic thyroid effects [41]. They concluded that combined dietary exposure did not exceed
regulatory thresholds in all European countries in 2014, 2015, and 2016 [40,41]. There was
no significant change in exposure to pesticides with long-term thyroid effects or acute
neurological effects between 2016 and 2018 [42].

The European Food Safety Authority reports that Greeks and Spaniards are most likely
to consider high fruit and vegetable intake as a part of a healthy diet [43]. Studies show
that increased intake of these foods outweighs the potential negative effects of pesticide
residues [44–46]. Public health messages should promote regular, abundant consumption
of a variety of fruits and vegetables [45].

The research on the impact of pesticides on dietary health is inconclusive, making it dif-
ficult for the public to access reliable information [47,48]. There is also inadequate discourse
on pesticides’ function in sustainable food production [49]. The evaluation of pesticide
risks and benefits remains a public concern. Public perception of hazards may differ from
regulators’, relying on empirical evidence [5,48,50–52] and risk assessment techniques [53].
The presence of pesticide residues in food may increase risk perception [52,54–56].

Pesticide residue monitoring and control systems can mitigate food safety concerns, as
suggested by Han et al. (2020) [57]. Risk communication efforts should address reliability
concerns and establish information dissemination systems to bridge the gap between
regulators and the public [57,58]. Consumers should understand food safety processes
and build trust through systems and mechanisms [48]. Trust can influence risk perception,
especially when individuals lack knowledge about an important issue. Siegrist (2021)
suggests that consumers’ perception of technology is more positive and acceptable when
they trust the official risk management organisation [59].

The study examines the impact of information dissemination on consumer perceptions
of Greek food safety. The rise of the Internet and portable devices has significantly increased
the amount of information available, leading to significant changes in how individuals
obtain and disseminate information and accelerating the global dissemination of news,
knowledge, and ideas [60,61].

Consumers’ perceptions of pesticide residue risks are influenced by emotional factors,
leading to overemphasis or exaggeration [62]. The ‘post-truth era’ has seen subjective
emotions and personal beliefs become more influential in public opinion and decision
making. Social media platforms facilitate the dissemination of inaccurate and misleading
information, creating echo chambers and declining trust in established institutions [63–65].
Cognitive processing and self-reflection are crucial when considering dietary hazards [66].
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The digital age has changed the information landscape, making data veracity question-
able [67–69]. Public trust, perceived expertise, and demographic variables influence the
reception of food safety messages [70].

The media plays a crucial role in risk communication [71], providing comprehensive in-
formation about risks and their benefits, acknowledging uncertainties in risk management,
and presenting alternatives for risk reduction [72]. The media’s influence on consumers’
attitudes and perceptions of food safety risks has been extensively studied [73,74]. Exten-
sive media coverage tends to amplify risk perceptions and create a desire for measures to
minimise them [55,71]. Journalists may prioritise dietary hazards based on newsworthi-
ness over the rankings provided by experts [63,75–77]. Trust in public authorities plays a
moderating role in the relationship between fear and purchase likelihood [63], particularly
among consumers with higher education levels [67]. The Greek media is susceptible to
providing comprehensive information on food hazards, and exaggerated concerns are
prevalent, particularly regarding pesticide residues [78].

In contrast, Koch et al. (2017) [79] found that media exposure increases understanding
of pesticide regulatory elements, reducing perceived risk. Access to reliable sources is
crucial, as nonadherents are less likely to receive information [56]. Media coverage can
also be a cognitive shortcut for understanding complex issues, especially without direct
expertise in risk management [63,80].

In a recent Eurobarometer survey conducted on behalf of EFSA, Greeks ranked first in
terms of personal interest in food safety [43]. Previous Eurobarometer surveys [81,82] show
this trend has been stable in recent years. This is supported by the study of Simoglou and
Roditakis (2022) [56], who found that Greek consumers were especially concerned about
the impact of pesticide residues on their own health and that of their families. The present
study aimed to improve our understanding of how Greek consumers perceive the safety of
plant foods, their sources of information about plant protection products and food safety,
and the predictive variables related to their attitudinal beliefs. In this respect, the purpose
of this study is to answer the following research questions:

RQ1: How do Greek consumers perceive the safety of Greek plant foods regarding
pesticide residues compared to other EU Member States?

RQ2: Which sociodemographic and attitudinal variables predict Greek consumers’
personal perspectives on Greek plant food safety?

RQ3: What is the role of information sources in forming consumer perceptions of the
safety of Greek plant foods?

2. Materials and Methods

Data collection was facilitated by a questionnaire hosted on Google Forms and dis-
tributed via email, Viber, and Facebook Messenger, as well as online news forums and
magazines. The survey was conducted between 6 and 31 March 2021. The questionnaire
was divided into two sections: sociodemographic information and attitudes. It included
closed 5-point Likert scale questions about their perceptions or attitudes. The Likert scale
response levels were as follows: 1 = strongly disagree, 2 = somewhat disagree, 3 = neither
disagree nor agree, 4 = somewhat agree, and 5 = strongly agree, or 1 = never, 2 = rarely,
3 = occasionally, 4 = frequently, and 5 = routinely, depending on the context.

The data collected through the questionnaire were first subjected to descriptive sta-
tistical analysis. Following Simoglou and Roditakis (2022) [56], the median was used
as an appropriate measure of central tendency to present and interpret the results. The
nonparametric Mann–Whitney U test was used to compare ordinal variables.

Principal components analysis (PCA) was used to determine the basic information
structure contained in the original interrelated variables and to summarise it using a smaller
set of composite variables. An eigenvalue threshold greater than 1 was used as a criterion
for the number of principal components (PCs) retained. The oblique (promax) rotation
resulted in more simplified PC loads, with each variable load on an individual PC. In the
final analysis, only variables with loadings greater than or equal to 0.60 were retained. The
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adequacy of the PCA was assessed using the Kaiser–Meyer–Olkin (KMO) test, which uses
values between 0 and 1 as a measure of sampling adequacy, and Bartlett’s test of sphericity,
where a significant result indicates that at least some pairwise correlations among variables
are nonzero [83].

McDonald’s ω reliability coefficient of internal consistency was calculated and re-
ported for scale variables loading on a single PC. To obtain a single measure for each PC,
the variables loading on a single PC were combined using composite scores for further
analysis [83].

Participants’ perceptions of the safety of Greek food products in comparison with
products from other EU member states were used as the dependent variable in a binary
logistic regression to identify potential predictors. Sociodemographic variables and factors
retained from the PCA were included in the model as potential predictors. The calculated
odds ratios (OR) and 95% confidence intervals (CI) are presented. Each independent
variable in the model was subjected to the Wald test for statistical significance. Finally,
performance metrics such as specificity and sensitivity, representing the proportion of true
negative and true positive observations predicted by the model, and area under the ROC
curve (AUC), which represents the trade-off between true positive and false positive rates),
and is an overall test of predictive accuracy and indicates the degree of discrimination
between true positive and false positive values of the estimated model, were considered.
Large AUC values (greater than 0.5-1) indicated an excellent model fit [83].

For logistic regression analysis, participants’ opinion variables were split into two
levels with a binary outcome: “favour” = 1, after grouping the Likert response levels
somewhat agree and strongly agree, and “disfavour” = 0, after grouping the Likert response
levels strongly disagree, somewhat disagree”, and neither disagree nor agree, following
Simoglou and Roditakis (2022) [56].

Latent class analysis was used to identify potential underlying consumer categories
that could explain the observed patterns across cases [84] in an effort to further clarify
the significance of information sources on participants’ perceptions of the safety of Greek
plant foods. As class-defining variables, the original variables pertaining to the information
sources used by participants for pesticide information were chosen. To characterise the
differences between classes in greater detail, a chi-squared correlation test and a Mann–
Whitney U test were conducted on the nominal background variables and the ordinal focus
variables, respectively.

The statistical analyses were carried out using Jamovi 2.4.2 [85] and Jasp 0.17.3 [86],
both of which use the R programming language.

3. Results
3.1. Characteristics of Survey Participants

All Greek regions were represented by a total of 1,846 respondents to the survey. The
population under study comprised plant-based food consumers between the ages of 18 and
65 who reside in both urban and rural areas of Greece (the mainland and the islands). The
survey respondents’ sociodemographic details are shown in Appendix A, Table A1. Both
genders (females 48.5%) and all age groups were adequately represented. The majority
of respondents (45.1%) resided in the south of Greece (including Athens), while 26.6%
resided in the centre, and 29.1% in the north. In accordance with Simoglou and Roditakis
(2022) [56], the age groups were reduced to three for the purposes of the analyses. Of the
participants, 22.5% were between the ages of 18 and 34, 58.1% were between the ages of
35 and 54, and 19.4% were older than 55. The vast majority of participants possessed at
least a high school diploma and were primarily civil servants (44.1%), private employees
(18.6%), self-employed individuals (12.1%), university students (11.7%), and farmers (5.3%).
In addition, a number of personal habits relating to free time, smoking, sports participation,
and vegetarianism were recorded (Appendix A, Table A1).
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3.2. Participants’ Perspectives on the Safety of Greek-Produced Plant Foods in Terms of Pesticide
Residues in Comparison to those of other EU Member States

The frequency distribution of participants’ responses to the research question on
whether or not they perceive Greek plant foods as safe as those from other EU mem-
ber states (RQ1) was determined as follows: Strongly disagree (median = 1): n = 125
(6.77%); somewhat disagree (median = 2): n = 290 (15.71%); neither disagree nor agree
(median = 3): n = 499 (27.03%); somewhat agree (median = 4): n = 600 (32.50%); Strongly
agree (median = 5): n = 332 (17.99%). Following Simoglou and Roditakis (2022) [56], a
binomial proportion test was applied after dividing the response rates into two levels
with a binary outcome, i.e., ‘agree’ and ‘disagree’. In accordance with the null hypothesis
that the two levels are equally likely (p = 0.50), a nonsignificantly higher proportion of
positive responses was found. The proportion of unfavourable responses was 0.495% (95%
CI: 0.472–0.518%), n = 914, while the proportion of favourable ones was 0.505% (95% CI:
0.482–0.528%), n = 932 (p = 0.692).

3.3. The Variables Predicting the Participants’ Attitudes towards the Safety of Greek-Produced
Plant Foods Research Question

Principal components and logistic regression analyses identified sociodemographic
and attitude variables as significant predictors of Greek consumers’ perceptions of the
safety of Greek-produced plant foods relative to those from other EU Member States with
respect to pesticide residues (RQ2).

3.3.1. Principal Components Underlying the Participants’ Attitudes

The analysis of 22 original variables included six principal components (PCs) that
explained 64.6% of the variance. The adequacy measures of the PCA, such as McDonald’s
ω reliability coefficient and Bartlett’s test of sphericity, were appropriate.

Four variables accounted for 13.502% of the variance in the first principal component,
representing ‘Official information sources’ used by participants to learn about pesticides.
Variables load on the second PC included participants’ opinions on ‘Perceived pesticide
benefits’ and accounted for 12.706% of the variance. The third principal component related
to “General information sources on pesticides” and accounted for 10.863% of the variance.
Variables loaded on the fourth PC concerned “Confidence in traceability”, accounting
for 10.205% of the variance. The fifth PC consisted of variables representing “Perceived
pesticide risk”, which accounted for 9.008% of the variance. The sixth PC was correlated
with participants’ perceptions of the safety of plant food consumption, labelled “Perceived
plant food safety”, and accounted for 8.288% of the variance.

The relationship of the six PCs is summarised in Figure 1. On the horizontal axis,
perceived pesticide risk loads in the opposite direction to perceived plant food safety,
pesticide benefits, and consumer confidence in certification and is negatively correlated
with these variables. It is also basically orthogonal to official sources of information,
implying a rather negative relationship.

3.3.2. Predictive Variables of Participants’ Perceptions–Logistic Regression Model

A binary logistic regression analysis was conducted to identify any variables that
might predict participants’ attitudes towards the safety of plant foods. Specifically, the
dependent variable concerned participants’ responses to the statement that plant-based
foods produced in Greece are as safe as those produced in other EU Member States in
terms of pesticide residues. Using a stepwise procedure, background sociodemographic
variables and the six PCs previously retained from the PCA were included in the model as
potential predictors.

The performance parameters (specificity, sensitivity) and the overall predictive accu-
racy of the model (AUC value) (Appendix A, Table A3) were adequate, indicating a very
good model fit.
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Figure 1. Graph showing the relationship between PCs using principal components analy-
sis: OINF—official information sources; BENEFIT—perceived pesticides’ benefits; GINF—general
information sources; TRACE—confidence in traceability; RISK—perceived pesticides’ risk;
SAFE—perceived plant-food safety.

On the basis of the significant and positive regression coefficients b and the odds
ratios above 1, the results indicate that respondents who report higher levels of plant food
safety are better educated, over 45 years of age, more likely to obtain official information on
plant protection products, male, have higher levels of trust in the traceability procedures of
plant food production, perceive greater benefits from plant protection products, and have a
higher likelihood of accepting the safety of Greek plant food (Appendix A, Table A3).

In contrast, individuals with a strong pesticide residue risk perception and active use
of plant protection products are less likely to consider plant foods from Greece safe than
those from other EU countries (Appendix A, Table A3). To enhance the assessment of how
pesticide user status affects participants’ opinions, several variables were examined. It
was found that people who use pesticides reported a greater sense of safety regarding
Greek plant foods compared with those who do not use pesticides (Mann–Whitney U test,
W = 371,479.0; p < 0.001), although this effect size is modest. However, pesticide users
(n = 788) had a 45.05% probability of supporting the position of less frequent monitoring of
Greek food than in the EU. By comparison, non users (n = 1058) had a 32.99% probability
of expressing identical attitudes (χ2 = 27.860; df = 1; p < 0.001). Also, pesticide users
were significantly more likely to agree that they consume food that they have produced
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themselves (66.87%) compared with nonusers, where only 33.13% showed this level of
agreement (χ2 = 146.420; df = 1; p < 0.001).

No other background variables or principal components were found to be significant
predictors and are therefore not supported in the model.

3.4. Latent Class Analysis of the Respondents

The Latent Class Analysis (LCA) was based on eight original ordinal variables related
to official websites, public authorities bulletins, scientific journals, agronomists (official
sources of information), TV/radio, electronic and print press, and social media (general
sources of information). The primary objective was to establish the public’s sources of
information on food safety and pesticide issues and to assess their impact on the perception
of Greek food safety (RQ3).

Following the previous findings by Simoglou and Roditakis (2022) [56], further anal-
ysis was carried out on a two-class solution. The first class (n = 871), with a prevalence
probability of 0.468, consisted of respondents who were less likely to agree with the research
question (RQ1). On the other hand, the second class (n = 975), with a prevalence probability
of 0.532, expressed a level of partial agreement with the research question. The differ-
ence between the two classes is statistically significant (Mann–Whitney U, W = 350,100.5;
p < 0.001).

In order to provide an insight into the two participant groups, additional analyses were
conducted, which considered the focus variables (principal components or several original
opinion variables) shown in Table 1 and the demographic background variables illustrated
in Table 2. From these findings, Class 1 comprised participants with higher perceived
pesticide residue risks, a higher proportion of females, residents of areas of northern Greece,
pesticide nonusers, civil servants, university students, and secondary school graduates.
Class 2 showed a tendency to use official and general sources of information on pesticides
more frequently, perceive higher benefits from their use, exhibit more confidence in the
role of traceability in ensuring food safety, and perceive a higher level of safety in plant
foods. They were more likely to be male, reside in southern Greece, work in the private
sector, be self-employed, retired, or unemployed, and finally, possess university degrees.
Additionally, they were likely to be farmers. It should be noted that there was no statistically
significant difference between the two groups in terms of the participants’ high level
of concern about their safety from pesticide residues in food. Likewise, there was no
statistically significant difference in the degree of their neutrality towards the statement
that Greek food is tested less frequently for residues compared with other Member States
of the European Union. The age of the participants in both groups did not display a
statistically significant difference.

Table 1. Characterisation of perceptions between two classes of respondents as identified by the LCA
on the basis of variables related to information sources (class 1, n = 871, “Non-Supporters”; class 2,
n = 975, “Supporters”).

Variables of Focus Mann–Whitney U Test Rank-Biserial Correlation (*)

OINF—official information sources W = 8249.0; p < 0.001 −0.981
BENEFIT—perceived benefits W = 283,684.0; p < 0.001 −0.332
GINF—general information sources W = 344,139.0; p < 0.001 −0.190
TRACE—confidence in traceability W = 340,339.0; p < 0.001 −0.198
RISK—perceived pesticide risk W = 378,416.0; p < 0.001 0.109
SAFE—perceived plant food safety W = 387,926.0; p = 0.001 −0.086
Pesticide residues in food make me concerned
about my safety W = 428,532.0; p = 0.588 0.009

In Greece, plant food is not tested for pesticide
residues as often as in other EU Member States W = 428,008.0; p = 0.760 0.008

(*): The rank-biserial correlation indicates the effect size. Negative coefficients indicate a greater intensity of
attitude towards the test variables in class 2.
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Table 2. Sociodemographic characterisation of the two obtained classes of respondents.

Background Variables Class 1 (N = 871) Class 2 (N = 975) Chi-Squared Test
“Non-Supporters” “Supporters”

Gender Female 54.6 % 45.4 % X2 = 38.183; df = 1;
Male 40.2 % 59.8 % p < 0.001

Age 18–44 47.6 % 52.4 % X2 = 0.112; df = 2;
≥45 46.8 % 53.2 % p = 0.738

Place of residence Rural 40.6 % 59.4 % X2 = 10.908; df = 1;
Urban 49.4 % 50.6 % p < 0.001

Region Northern Greece 52.8 % 47.2 % X2 = 14.271; df = 2;
Central Greece 48.8 % 51.2 % p < 0.001

Southern Greece 42.6 % 57.4 %
I use pesticides No 61.6 % 38.4 % X2 = 207.455; df = 1;

Yes 27.8 % 72.2 % p < 0.001
Profession Civil servants 53.1 % 46.9 % X2 = 36.611; df = 6;

Farmers 30.6 % 69.4 % p < 0.001
Private employees 42.2 % 57.8 %

Retired 42.5 % 57.5 %
Self-employed 37.9 % 62.1 %
Unemployed 45.1 % 54.9 %

University students 52.6 % 47.4 %
Education Secondary education 52.6 % 47.4 % X2 = 6.488; df = 1;

Higher education 45.6 % 54.4 % p = 0.011

4. Discussion

Food safety and security are crucial in the global context because of the growing popu-
lation and climate change. The Food and Agriculture Organization (FAO) has identified
key priorities for food security in its Strategic Framework for 2022–2031, including strength-
ening agricultural practices, promoting nutritious diets, protecting the environment, and
improving livelihoods. These strategies aim to ensure universal access to safe, quality food
and sustainable agricultural practices [2].

This study aimed to understand Greek consumers’ attitudes and perspectives on
the safety of plant-based foods, including urban and rural areas, different age groups,
education, and professional backgrounds. It also examined the impact of information
sources on customers’ perceptions of pesticide residues.

The analysis of the participants’ responses concerning the safety of plant-based food
produced in Greece compared with other EU Member States, with respect to pesticide
residues, revealed no significant difference between positive and negative responses. Ap-
proximately half of the participants (49.5%) responded negatively to the research question.
This suggests that they questioned the safety of Greek plant-based foods, unlike those in the
EU. Greek consumers exhibit considerable uncertainty regarding the presence of pesticide
residues in food. According to a Eurobarometer survey by the EFSA, up to 99% of respon-
dents from the 27 EU Member States were personally interested in food safety [43]. A series
of Eurobarometer surveys conducted by the EFSA in 2010 [81], 2019 [82], and 2022 [43] have
consistently shown that Greek consumers are more concerned about pesticide residues in
food than their European counterparts. The aforementioned finding indicating that half of
the participants have an unfavourable perception of the safety of Greek food concerning
pesticide residues can be seen as an attitude in this particular context.

Factors that positively influence individuals’ perceptions of the safety of Greek plant
foods include higher levels of education, older age, access to pesticide information from
official sources, male gender, confidence in plant food safety and control measures, trace-
ability and certification procedures, and perceived benefits of pesticide use. However,
participants with higher risk perceptions tend to have unfavourable opinions about the
safety of Greek plant foods.
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The perceived safety of plant-based foods has a significant impact on consumer per-
ceptions about Greek food safety. Participants were generally in favour of the safety of
plant-based foods but remained neutral on the potential risks associated with the con-
sumption of fruit and vegetables and the testing for pesticide residues. This underlines
the importance of control measures and effective enforcement of pesticide and food safety
regulations. According to Eurobarometer, 28% of Greek consumers trust national and
EU food safety authorities [82]. This suggests the need for greater involvement of food
safety authorities in disseminating information on potential pesticide risks to the general
public. Regulatory authorities are challenged by the different risk perceptions of experts
and laypersons, highlighting the need for effective communication strategies to link experts
and the general public [5,47,48,50–52,66,87].

Higher education significantly influences Greek consumers’ perceptions of the safety
of plant-based foods. An inverse relationship between level of education and perceived risk
has been found in several studies. Educated consumers have more trust in public authorities
and are less susceptible to subjective norms [58,67]. This highlights the importance of
education in shaping consumer attitudes towards food safety.

The perceived safety of Greek plant foods is strongly influenced by age, especially
for those aged 45 and over. As confirmed by the results of the chi-squared test (χ2 = 8.062;
df = 1; p = 0.005), this finding can be attributed to the increased likelihood of older partici-
pants having a higher level of education than those in the younger age group.

The impact of the male gender on consumer perceptions is significant and has a posi-
tive effect on the perception and acceptance of food safety. Previous studies [56,79,88–91]
have shown that female consumers tend to perceive greater risks in various areas, such
as chemical residues. This study shows that gender substantially influences consumer
perceptions and attitudes towards Greek food safety, emphasising the need for targeted
communication strategies to effectively address gender-specific risk perceptions in food
safety issues.

The assurance and validation processes for traceability and certification of plant-based
foods in Greece significantly influence consumer perceptions of food safety. Transparency
and reliability are crucial in these processes. Improving and disseminating these techniques
is essential to increasing consumer confidence in food safety. Trustworthy entities may pro-
vide consumer control in the absence of direct control [66]. Consumers rely on certification,
information provision, and labelling to guarantee food quality, which aligns with previous
research [88,92–98].

This study demonstrates that perceived pesticide benefits alter people’s views on
Greek food safety. This suggests that understanding individuals’ perspectives and risk
attitudes can provide valuable insights into their views on controversial issues [56,99]. The
results highlight the importance of considering both perceived benefits and risks when
formulating evaluations or decisions on controversial issues.

Slovic et al. (1980) [100] found that risk perception is a key factor influencing risk
assessment. Pesticide residue perceived risk affected participants’ views on Greek food
safety, consistent with Huang’s (1993) [101] findings. Participants’ concerns for their health
and that of their loved ones were significantly influenced by their perception of pesticide
risks, which is consistent with the results of the Eurobarometer survey [43]. Additionally,
other studies indicated that individuals feel more in control of biological food risks than
chemical/technical risks [74]. Consumer dosage insensitivity may increase chemical risk
perception [90].

Limited comprehension of food residue regulations and legal restrictions may increase
perceived risk [79]. The differentiation between qualified and unqualified evaluations of
chemical risks also adds complexity [5,47,48,50–52]. Policy makers and stakeholders can take
advantage of these features to address public concerns and improve risk communication.

Although previous research has suggested that being a pesticide user can enhance
risk–benefit perception [56], this study shows that pesticide user status actually decreases
perceptions of Greek food safety. One possible explanation for this finding could be that
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pesticide users believe that Greek food is tested less often in the national monitoring pro-
gram than in other EU Member States. This perception may contribute to the belief that it
is relatively less safe than food from other EU Member States. In fact, the 2021 EU report on
pesticide residues in food shows that Greece collected 36.26 samples per 100,000 inhabitants,
above the EU average of 30.29. Moreover, the proportion of noncompliant food samples
in Greece was found to be 3.14%, lower than the EU average of 3.65% [39]. In addition,
participants who use pesticides, whether professional or amateur, are more likely to con-
sume products from their own crops. This implies that individuals who use pesticides
may possess a greater sense of control and confidence in the safety of their agricultural
products [66]. Previous research suggested that people tend to take personal responsibility
for risks within their control but not for risks beyond their control [102]. The reasons for
the differences in attitudes and practices towards food safety in Greece and home-grown
food consumption attitudes need to be further investigated.

Information on pesticide use in Greek food is crucial for consumer perceptions. The
routine use of authoritative sources of information contributes to a favourable perception
of food safety. The analysis (PCA) shows a strong association between official sources of
information, such as official websites, newsletters, scientific publications, and agronomists.
Participants prefer agronomists as their main source of knowledge about pesticides, with
occasional use of official websites, newsletters, and scientific periodicals. General informa-
tion sources such as electronic press, TV/radio, press, and social media have insignificant
predictive power.

The influence of information on consumers’ opinions about the safety of Greek plant
foods was further examined in this study. Two consumer categories were identified through
latent class analysis. The first-class participants received limited information on pesticides
and did not believe that Greek plant foods are equally safe as those from other EU Member
States. They were predominantly female, tended not to use pesticides, and were mostly
civil servants and students. They had lower perceived benefits from pesticide use, less trust
in traceability initiatives, greater concern about pesticide residue risks, and less confidence
in the safety of plant-based foods. The participants of the second class obtained information
about pesticides from authoritative or general sources of information, with a particular
emphasis on the official sources. This group recognised the benefits of pesticide use, had
confidence in traceability, perceived less pesticide risk, and had greater confidence in
the safety of plant-based foods. This class consisted mainly of males, people living in
rural areas, pesticide users, farmers, private sector employees, retired, self-employed, and
currently unemployed.

This study categorised consumers into two groups: engaged (class 2) and not engaged
(class 1) in seeking information about pesticides and food safety concerns. Both groups
agreed on the potential adverse effects of pesticide residues on individual well-being and
expressed a neutral attitude towards Greek food testing frequency compared with other EU
Member States. However, as the PCA and LCA analyses of the data showed, consumers in
Class 1 had a higher level of perceived risk and a greater level of concern. This approach
helps to explore similarities and latent differences between individual groups.

This study is consistent with previous research by Mazzocchi et al. (2008) [103], who
found that trust in information from different sources significantly affects individuals’
risk perceptions. Authoritative sources reduce risk perception, while alternative sources
increase it. Consumption of food safety news significantly influences individuals’ and the
public’s perspective on the entities responsible for food safety crises [12]. Subjective factors
such as emotions and intuition also influence perceptions of food risks and benefits [104].
Risk communication techniques that only fill gaps in scientific knowledge may be ineffective
if they do not recognise and respect the human dimension. Koch et al. (2017) [79] found
that understanding the pesticide regulatory framework reduced perceived risk. Trust in
official regulatory bodies modifies the association between fear and action [59,67]. Effective
mitigation of food safety concerns can be achieved through pesticide residue monitoring
and control systems [57] and risk communication strategies that address fears about the
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reliability of regulatory processes and information sources [48]. Overall, understanding the
human dimension and incorporating risk communication strategies can help mitigate food
safety concerns.

Informed decisions require accurate, complete, reliable, relevant, and timely infor-
mation [105]. Gathering and evaluating information from reliable sources is therefore
crucial. Promoting media literacy can enhance citizens’ ability to navigate information and
distinguish trustworthy sources, leading to informed, knowledge-based decisions [106].

There are several inherent limitations to our research. Firstly, it is important to recog-
nise that people who are not familiar with communication technology were inevitably
excluded, as the data were only derived from a web-based survey. Individuals with these
characteristics may be less educated or older. In addition, the data were collected through
self-reporting, with no mechanisms in place to verify their accuracy. It should also be
noted that although the sample used in this study was from a nationwide pool, it may not
accurately reflect the Greek population as a whole in various respects, such as education,
occupation, and individuals over the age of 65.

5. Conclusions

The aim of this study was to provide an in-depth understanding of the factors that
influence Greek consumers’ views on the safety of Greek plant-based foods compared to
those produced in other EU Member States, with a particular reference to concerns about
pesticide residues. Concurrently, the main focus of this study was to examine the influence
of pesticide-related information on the perceptions and attitudes of Greek consumers
towards food safety. The results are summarised in Table 3. The study found Greek
consumers balancing between two conflicting perspectives on the safety of Greek food.
Half of the respondents believed that Greek food has a level of safety comparable to other
European foods, while the other half held the opposite view. Several predictive factors have
been identified that influence the dichotomous nature of Greek consumer behaviour. These
factors include the perceived safety of plant foods, higher education level, age, gender,
perceived contribution of traceability to food safety, perceived benefits of pesticide use,
perceived risk of pesticide residues in food, pesticide user status, and information obtained
from authoritative official sources. Obtaining information about pesticides and related
food safety concerns emerges as a crucial determinant in shaping consumer perspectives.
Receiving authoritative, official information was found to be associated with a reduction in
risk perception, improved scores in focus-opinion variables, and a positive response to the
research question on Greek food safety.

The results of our study suggest potential implications for the importance of providing
accurate and timely information to the public. First, it is of utmost importance that admin-
istrative and regulatory institutions prioritise transparency in their risk communication
strategies. It is vital to give careful consideration to the impact of sociodemographic and
other intrinsic attributes on individuals’ perceptions of risk. By doing so, regulators can
effectively build trust and credibility with consumers. It is also essential to ensure the
efficient dissemination of official information across multiple platforms, including websites,
social media platforms, and public awareness campaigns. However, it is crucial to priori-
tise the maintenance of direct communication channels between public institutions and
consumers. Mechanisms such as agricultural warning services or peripheral agriculture
directorates should be further developed to take on an expanded role in informing the
general public about food safety issues. Ensuring effective risk communication channels
between public institutions and consumers and bridging the gap between experts and
the general public is essential to addressing concerns and inquiries and promoting trans-
parency and accountability. In addition, tailoring risk communication strategies to different
sociodemographic subgroups can ensure the effective delivery of information in a way that
is understandable and relevant to a wide range of people, thereby promoting greater uptake
and engagement. In addition, collaboration with other stakeholders, such as consumer and
producer organisations, can further strengthen these communication initiatives.
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Table 3. Summary of the findings.

Research Question Principal Conclusions

RQ1: How do Greek consumers
perceive the safety of Greek plant
foods regarding pesticide residues
compared to other EU
Member States?

• Greek consumers are more worried than their European counterparts about pesticide
residues in food, showing significant uncertainty about plant-based foods.

• Concerning the safety of Greek plant food, Greek consumers are profoundly divided.

RQ2: Which sociodemographic and
attitudinal variables predict Greek
consumers’ personal perspectives
on Greek plant food safety?

• The perceived safety of plant-based foods has a positive impact and is driven by
control measures and effective enforcement of pesticide and food safety regulations.

• Higher education positively affects consumer food safety perceptions.

• Greek consumers over the age of 45 are more likely to consider plant foods safe
because of their higher level of education.

• Male gender positively influences consumer perceptions.

• Plant-based food traceability and certification in Greece greatly affect consumer food
safety perception.

• Perceptions regarding pesticide use benefits positively affect Greek food safety.

• High pesticide residue risk perception lowers the perceived food safety.

• Pesticide users who are consumers of their own food may have concerns about the
safety of Greek food products.

• Providing authoritative information on pesticides positively affects the perceived
safety of plant foods in Greece.

RQ3: What is the role of information
sources in forming consumer
perceptions of the safety of Greek
plant foods?

• For those unfamiliar with pesticide use and food safety standards, Greek products are
considered less safe than EU produce.

• Inadequate knowledge is associated with increased risk perception.

• Effective communication is essential to ensure that Greek consumers understand food
safety regulations, particularly those related to pesticides. Clear and authoritative
information should take into account sociodemographic predictors of
consumer behaviour.

Limitations of this study include the exclusion of those who are not technologically
literate, the use of self-reported data, and a sample that may not accurately represent
Greece’s population in terms of education, occupation, and those over 65 years of age
due to the nature of the survey. The study’s strengths are the large, nationwide, gender-
representative sample with a diverse representation of educational levels and occupational
categories, urban and rural residences.
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Appendix A

Table A1. Sociodemographic characteristics of the respondents (n = 1.846).

Demographic Variables Frequency Percentage

Gender Female 896 48.50%
Male 950 51.50%

Age 18–24 220 11.90%
25–34 195 10.60%
35–44 404 21.90%
45–54 669 36.20%
55–64 304 16.50%
≥65 54 2.90%

Educational background Less than high school 31 1.70%
High school–Technical education 397 21.50%
Bachelor’s degree 727 39.40%
Master’s degree 565 30.60%
Doctoral degree 126 6.80%

Residential geographical area Northern Greece 540 29.30%
Central Greece 473 26.60%
Southern Greece 833 45.10%

Population of place of residence Less than 10,000 inhabitants (rural) 468 25.40%
More than 10,000 inhabitants (urban) 1378 74.60%

Underage children in the family No 1027 55.60%
Yes 819 44.40%

Plenty of spare time No 735 39.80%
Yes 1111 60.20%

Smoking habits No 1404 76.10%
Yes 442 23.90%

Vegetarian by choice No 1722 93.30%
Yes 124 6.70%

Physical activity habits Never 243 13.20%
Occasionally 1207 65.40%
Systematically 396 21.40%

Professional or amateur pesticide users No 1058 57.30%
Yes 788 42.70%

Occupation Civil servants 814 44.10%
Private employees 344 18.60%
Self-employed 224 12.10%
Farmers 98 5.30%
Unemployed 71 3.90%
University students 215 11.70%
Retired 80 4.30%
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Table A2. Results of the principal component analysis.

Original Variables (5-Point Likert Scale Statements) Median (1) IQR (2)

Principal Components

Uniqueness (3)
Oinf Benefit Ginf Trace Risk Safe

Official Information
Sources

Perceived Pesticides’
Benefits

General
Information
Sources

Confidence in
Traceability

Perceived Pesticides’
Risk

Perceived Plant
Food Safety

Official Websites as sources for pesticide information 3 2 0.918 0.185
Newsletters from public institutions 3 2 0.866 0.259
Scientific periodicals 3 2 0.853 0.270
I receive information on pesticides from Agronomists 4 3 0.712 0.428
Pesticides contribute to national income growth 4 1 0.836 0.383
Pesticides help increase food production 4 1 0.797 0.441
The use of agrochemicals is an unavoidable fact 4 2 0.719 0.470
The correct use of pesticides safeguards the user 4 2 0.697 0.418
The proper use of pesticides protects the consumer 4 2 0.652 0.411
My information sources about pesticides are TV/Radio 2 2 0.791 0.358
Electronic Press 3 2 0.789 0.282
Press 2 2 0.743 0.373
Social Media 2 2 0.716 0.483
Labelling (traceability) reassures me 4 1 0.865 0.273
Safety of certified food products 4 1 0.843 0.303
Products from Integrated Crop Management are safe 4 1 0.819 0.310
I feel that my health has been at risk 3 1 0.820 0.288
I feel uncertain about the health of my own people 4 2 0.793 0.424
Pesticide residues in food make me concerned about
my safety 5 1 0.787 0.347

Food of plant origin is generally safe to consume 4 2 0.893 0.295
The consumption of fruit and vegetables does not generally
pose a risk to the consumer 3 2 0.733 0.345

Plant-based foods are tested for pesticide residues 3 2 0.636 0.450

The sum of the squared loadings 2.970 2.795 2.390 2.245 1.982 1.823
Scale reliability (McDonald’s ω) 0.865 0.796 0.774 0.795 0.720 0.698
Explained variance % 13.502 12.706 10.863 10.205 9.008 8.288
Cumulative variance % 13.502 26.208 37.071 47.275 56.283 64.571

Bartlett’s Test of Sphericity X2 = 14,294.113; df = 231; p < 0.001
KMO Measure of Sampling Adequacy test 0.829

(1)—Median of the distribution of participants’ answers to the 5-point Likert scale questions (1 = never to 5 = usually, or 1 = strongly disagree to 5 = strongly agree, whichever applies).
(2)—Interquartile range. (3)—Proportion of variance that is “unique” to the variable and not explained by the PCs. Uniqueness equals 1-communality. The lower the uniqueness, the
higher the relevance of the variable in the PC model. Note: “promax” rotation was used, and variable loadings > 0.6 and uniqueness < 0.5 were selected.
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Table A3. Results of binomial logistic regression analysis.

Model Coefficients–Dependent Variable: Plant Food Produced in Greece is as Safe as in other EU
Member States in Terms of Pesticide Residues

Wald Test 95% Confidence Interval

Predictor Estimate, b Standard
Error z Statistic df p Odds

Ratio Lower Upper

Intercept −0.637 0.145 −4.399 19.353 1 <0.001 0.529 0.398 0.702
SAFE (Perceived plant food safety) 0.863 0.066 12.991 168.755 1 <0.001 2.369 2.080 2.698
Higher education 0.553 0.134 4.129 17.045 1 <0.001 1.738 1.337 2.260
Age group ≥ 45 years old 0.423 0.112 3.773 14.233 1 <0.001 1.527 1.226 1.903
OINF (Official information sources) 0.408 0.063 6.468 41.836 1 <0.001 1.504 1.329 1.701
Male gender 0.308 0.116 2.657 7.058 1 0.010 1.361 1.084 1.708
TRACE (Confidence in traceability) 0.231 0.062 3.702 13.707 1 <0.001 1.259 1.115 1.423
BENEFIT (Perceived pesticide benefits) 0.228 0.065 3.524 12.420 1 <0.001 1.256 1.106 1.426
RISK (Perceived pesticide risk) −0.123 0.061 −2.006 4.024 1 0.045 0.884 0.784 0.997
Pesticides user status −0.327 0.137 −2.395 5.736 1 0.020 0.721 0.551 0.942
Predictive measures: AUC = 0.790; Sensitivity = 0.709; Specificity = 0.736

Note: Estimates represent the log odds of “Plant food produced in Greece is as safe as in other EU member
States = 1” vs. “Plant food produced in Greece is as safe as in other EU member-States = 0”.
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