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Understanding the consumers’ perception of food-related risks is important in health and risk communication.
Therefore, two surveys were conducted among consumers (n = 2005 in 2009 and n = 1014 in 2018) and experts
(n = 62 in 2009 and n = 65 in 2018) in the Netherlands to evaluate their familiarity with and perception of foodrelated risks related to health, food safety and new technologies. In both surveys (2009 and 2018), experts scored
unbalanced diet as highest risk followed by food poisoning, and chemicals formed during preparation. The
consumers’ risk scoring changed over the years and came more in line with the experts’ scoring. Like the experts,
consumers scored unbalanced diet as highest food risk in 2018, in contrast with 2009 when environmental
contaminants were scored as the highest food risk by the consumers. Consumers perceived chemical risks and
risks associated with new technologies significantly higher than experts in both years. Socio-demographic
characteristics, like age and gender affected the risk scoring, because older consumers perceived risks higher
than younger consumers and women higher than men. Consumers familiarity with the various food risks differed
largely, with highest familiarity with the risks food poisoning and unbalanced diet. A shift towards higher risk
perception and awareness of the risk of unbalanced diet by consumers is an important factor in fighting foodrelated diseases. This study provides insight into consumers’ perception of food-related risks, which besides
technical-scientific information, is essential to design a clear and targeted health- and risk communication
strategy.

1. Introduction
How people perceive risks serves as the basis of their attitudes, in
tentions, and risk behaviours. Therefore, it is important for health- and
risk communication to address the factors that influence people’s per
ceptions (WHO & FAO, 2016). A quantitative synthesis of the literature
demonstrated that when interventions successfully increased the per
ceptions of risk (or feelings of threat), behavioural intentions increased
and health behaviour changed (Sheeran, Harris, & Epton, 2014).
Perception of risk also influences attitudes related to microbiological
risks and food handling practices like handwashing and avoiding
cross-contamination in the kitchen. Many studies demonstrated that
optimistic bias, a cognitive bias that causes people to believe that they
are less likely to experience a negative event than others, may distort

food-safety risk perceptions, thereby encouraging risky food behaviours
(Da Cunha, Braga, Passos, Stedefeldt, & De Rosso, 2015; De Andrade,
Rodrigues, Antongiovanni, & Da Cunha, 2019; Evans, Teisl, Lando, &
Liu, 2020; Rodrigues, Eves, Das Neves, Souto, & Dos Anjos, 2020;
Zanetta et al., 2022). In addition, risk perception studies are important
for the understanding of public attitudes towards different technologies
used in agriculture and food manufacturing, such as genetic modifica
tion or food irradiation (Frewer & Miles, 2001). The behaviour of con
sumers in relation to food safety and health can only be influenced by
effective communication if there is a systematic understanding of how
consumers perceive risks and benefits associated with different food
(Frewer, De Jonge, & Van Kleef, 2009; Van Kreijl, Knaap, & Van Raaij,
2006).
Consumers can respond very differently to various food safety issues
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compared to experts. For example, experts often wonder why consumers
accept relatively high risks from unhealthy food choices, while at the
same time they do not tolerate risks that experts may find relatively low,
such as genetically modified organisms (GMO), nanotechnology, resi
dues of pesticides or additives (Flynn, Slovic, & Mertz, 1993; Frewer
et al., 2009; Hartmann, Hübner, & Siegrist, 2018; Rembischevski &
Caldas, 2020; Savadori et al., 2004; Siegrist, Keller, Kastenholz, Frey, &
Wiek, 2007). Apparently, expert- and technical-scientific risk estimates
do not necessarily match with how the risk is perceived by consumers.
Technical-scientific risk estimates are often expressed in Disability
Adjusted Life Years (DALY), where a DALY is a quantitative measure,
which combines death and illness using a disability weighing factor for
the seriousness of the disease. Research conducted by Slovic (1987)
demonstrated that risks that are perceived as involuntary or that may
have potentially catastrophic consequences are seen as a higher risk and
have more impact on the public response than technical-scientific risk
estimates. Hence, consumers are inclined to overestimate those risks
with a low probability, but with very severe effects (Slovic, 1987; Van
Kreijl et al., 2006). A large study of Kher et al. (2013) with consumer
focus groups in Brazil, Poland, Ireland, the Netherlands, and France
found that, in general, chemical hazards were perceived as of greater
concern than biological hazards, which was opposite to the burden of
disease expressed in DALYs (Van Kreijl et al., 2006). In fact, consumers
associate chemical hazards strongly with severe consequences,
long-term effects, and lack of personal control to prevent them (Kher
et al., 2013).
Also, socio-demographic characteristics can influence risk percep
tion. Nardi, Teixeira, Ladeira, and De Oliveira Santini (2020) investi
gated in a meta-analytic review the key drivers of food safety risk
perception and the impact on consumer choices and their willingness to
buy. The included studies revealed that age increased risk perception,
meaning that the older people get, the higher they perceive the risk
regarding food safety. With respect to gender, many studies concluded
that women perceived risks higher than men (Nardi et al., 2020; Zingg,
Cousin, Connor, & Siegrist, 2013). For education level a negative asso
ciation with food safety risk perception was found, meaning that the
higher people are educated, the lower they perceive risks regarding food
safety. Rembischevski and Caldas (2020) found that the level of scien
tific knowledge about the risks usually has little impact on the risk
perception. They concluded that the emotional- and intuitive sides of
individuals more strongly contribute to the perception of food risks than
the rational side where decisions are based on technical-scientific
knowledge.
Differences in conception or misconceptions can also differ between
cultures. Van Dijk et al. (2008) highlighted differences in consumer
perceptions between four European countries (Germany, Greece, United
Kingdom (UK) and Norway) and the importance of cultural variation on
the impact of risk communication. For example, while communication
of uncertainty resulted in more confidence in the expertise of food risk
managers in Germany, this resulted in less confidence in the UK and
Norway (Van Dijk et al., 2008). Furthermore, cross-cultural differences
in consumer perception and information preferences suggested that a
national or regional strategy for food risk communication may be more
effective than one applied at a pan-European level (Cope et al., 2010;
Frewer & Miles, 2001).
Trust in information sources influences the way risk information
affects risk perceptions (Frewer & Miles, 2001; Siegrist et al., 2007) and
food safety incidents can result in a decline in public trust in food safety
regulations and management (Cope et al., 2010). Examples of such in
cidents include bovine spongiform encephalopathy (BSE) (Barnett &
Breakwell, 2003), dioxins (Verbeke, 2001), and the horsemeat scandal
in 2013, where horsemeat was sold as beef (Brooks, Elliott, Spence,
Walsh, & Dean, 2017). To keep public trust, the government plays an
important role, not only by implementing an effective food safety policy,
but also by providing reliable information to consumers (Nardi et al.,
2020). Altogether, the knowledge of risk perception is important for the

design of effective governmental risk management and communication
strategies (Rembischevski & Caldas, 2020).
A method to study consumers’ perception is to compare the con
sumer perception with the perception of experts. Already in 1985,
Kampelmacher discussed the difference in perception between con
sumers and experts related to five food-related risks, namely unbalanced
diet, food poisoning, naturally occurring toxins in food, environmental
problems and additives or contaminants in food (Kampelmacher, 1985).
He gave an overview of ‘impressions and expressions’ of consumers and
experts in the Netherlands that he collected during his working period as
a professor, and the ranking of food-related risks by consumers and
experts was based on qualitative experience research only (Kampel
macher, 1985). Because there was no quantitative based evaluation of
the disparity in consumers’- and experts’ risk perception in the
Netherlands, we decided to investigate this. Knowing the difference in
perception between consumers and experts can be helpful in designing
clear and transparent risk communication strategies (Rembischevski &
Caldas, 2020). Therefore, in this study we conducted two surveys to
obtain a quantitative insight into the difference in risk perception be
tween consumers and experts. To investigate if the risk perception of
consumers changed over time, the levels of risk perception in 2009 and
in 2018 were assessed. Furthermore, socio-demographic analyses were
done to examine possible differences between age, gender, and educa
tion level. These quantitative insights are an important basis for further
research to explore the underlying mechanism through which risk
perception is formed and affects subsequent behaviour.
2. Methods
2.1. Study design
To evaluate consumers’ risk perception, a list of eight potential foodrelated risks was developed based on the risks as mentioned by Kam
pelmacher (1985) and a literature review (Frewer & Miles, 2001; Van
Kreijl et al., 2006). Chemical and microbiological risks as well as risks
associated with new technologies and the risk of an unbalanced diet
were included (Table 1). The selected eight food risks for the survey in
2009 included risks that can and cannot be influenced by the consumers’
handling at home (e.g., food poisoning can be influenced by consumers’
handling at home, unlike residues of pesticides which cannot be
Table 1
List of food risks as literally mentioned in the survey of 2009 and 2018 and the
scale for rating.
Food risk

Scale a

1. Unbalanced diet (e.g., too many calories, too
much salt, too many snacks, not eating
according to Dutch dietary Guidelines).
2. Food poisoning (e.g., by uncareful storage and
preparation of food).
3. Chemicals formed during preparation like
PAHs, acrylamide (e.g., burned meat during
BBQ, dark brown fried French fries).
4. Environmental contaminants in food (e.g.,
dioxins and PCBs, heavy metals, etc.).
5. Hormones or antibiotics in meat.

1–5

2009

2018

1–5
1–5
1–5
1–5

6. Chemicals released from packaging of food (e.
g., plastic softeners or bisphenol A).
7. Residues of pesticides on vegetables and fruit.

1–5

8. Additives (E-numbers) like colorants,
flavourings, preservatives etc..
9. Genetic Modified food (e.g., genetic
engineering).
10. Use of nanotechnology in food or packaging
of food.

1–5

1–5

1–5
1–5

a
Risks could be scored on an increasing scale of 1 = no risk to 5 = very large
risk, or no opinion/don’t know.
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and geographics) and asked to participate in the study. Interested re
sponders were informed about the purpose of the study. In case of a
further positive response, detailed information (e.g., aim, client, esti
mated time required for completion, information about anonymity) was
provided and the questionnaire was taken by a website survey, by
phone, on paper or by email. Finally, this resulted in a sample size of
consumers in 2009 (n = 2005) and in 2018 (n = 1014).
Selected experts were professor or expert like Ph.D. in the field of
nutrition, toxicology, food science, food microbiology or food technol
ogy with a working experience of at least 5 years at Dutch universities or
national food institutes (i.e., TNO-Food (the Netherlands Organization
for applied scientific research), Rikilt (currently Wageningen Food
Safety Research), National Institute of Public Health and the Environ
ment (RIVM) and the Netherlands Nutrition Centre (Voedingscentrum)).
A majority of the above-mentioned group of experts that met the se
lection criteria were personally invited by email to participate in the
survey. Between 55 and 60% responded and this resulted in a sample
size of experts in 2009 (n = 62) and in 2018 (n = 65).

influenced by consumers’ handling at home). The wording in Dutch of
the food risks was defined without giving it a positive or negative load to
prevent that the wording would have an influence on the scoring. To
evaluate changes in risk perception over the years, the survey was
repeated in 2018. In this survey of 2018 two additional food risks were
included, namely hormones/antibiotics in meat and chemicals coming
from packaging of food (e.g., plastic softeners or bisphenol A).
For each of the risks, participants were asked to evaluate the rele
vance of the risk in relation to their health, using an increasing scale
with the scoring:
1.
2.
3.
4.
5.

No risk for my health
Nearly no risk for my health
Neutral
A large risk for my health
Very large risk for my health
No opinion/don’t know

The questionnaire was pretested by twenty experts with an educa
tional background in the field of nutrition or food science and with a
working experience of at least 5 years within the Netherlands Nutrition
Centre (Voedingscentrum) or TNO (the Netherlands Organization for
applied scientific research). The experts assessed, by filling in a ques
tionnaire, whether the question and the definition of risks were clear,
and the selected risks were relevant. Comments were collected and
questions were adjusted where necessary.
Besides risk perception, also scoring of familiarity with the identified
food risk was included in the 2018 survey to investigate a possible
correlation between (subjective) knowledge or familiarity with the risk
and the perception of the risk. Participants were asked to assign a score
to how familiar they were with the defined food risk, using an increasing
scale with the scoring:
1.
2.
3.
4.
5.

2.3. Statistical analysis
Mean scores and standard deviations for risk perception and famil
iarity with the risk were calculated for consumers and experts in 2009
and 2018. Furthermore, homogeneity of variance was tested. A
nonparametric Mann-Whitney U test (two sided) was used to test for
significant differences of the mean between the scoring of risk percep
tion of consumers and experts and differences between 2009 and 2018.
The reason for choosing a nonparametric test was that the data was
collected via an ordinal scale (scoring 1 to 5) and not normally
distributed. Furthermore, this test is robust if variances are not fully
homogeneous (Gibbons & Chakraborti, 1991). To reduce the number of
false positives (type I error), the Bonferroni correction was applied. For
this, the p-values were compared with the level of significance α = 0.05,
divided by the number of tests for each of the years, resulting in α =
0.005. The correlation between familiarity with the risk and the
perception of the risk was calculated by the Spearman’s correlation
coefficient (rs). A chi-square statistic was used to calculate the p-value
and verify associations. To understand if consumer characteristics (age,
gender, education level) were associated with the perception of the risk,
a multiple linear regression was conducted with age, gender, and edu
cation level (low, middle, high) as independent variables and risk
perception as the predicted dependent variable. For this, risk perception
was calculated per respondent as a mean score over all ten food risks
together. A residual plot (residuals vs predicted) and a Q-Q-plot was
made to check the assumption of normality of this risk perception,
calculated as a mean score over all ten food risks. For the individual food
risks a nonparametric Mann-Whitney U test (two sided) was used to test
for significant differences in age (50 years and below vs above 50 years),
and gender (man vs woman). All data analyses were performed in JASP
0.14.1.0.

Not familiar with at all
Not familiar with
Neutral
Familiar with
Very much familiar with

The initial surveys were commissioned by the Netherlands Nutrition
Centre (Voedingscentrum), an independent organization funded by the
Ministry of Public Health, Welfare & Sport and the Ministry of Economic
Affairs in 2009 and 2018 (Boon et al., 2019; Peters, Breedveld, &
Wieringa, 2009).
2.2. Procedure and data-collection
Data collection was performed by two panel agencies, namely Cen
tERdata (2009) and Flycatcher (2018). A sample of consumers in the
Netherlands was recruited by the panel agencies. Demographic repre
sentativity of the sample was checked using the ‘Golden Standard’, a
calibration instrument that has been developed by the Expertise Centre
of Marketing Insight, Research and Analytics (MOA) in collaboration
with Statistics Netherlands (MOA, 2021), which confirmed that the ratio
of male/female, the age distribution, the education level, and
geographical distribution of the used panel members were comparable
to the information as provided by the Statistics Netherlands (CBS).
Members of both panels registered voluntarily and gave explicit consent
to be included in the panel. Panel members could terminate their panel
membership at any time. After explaining the study details, participants
partook in the survey which was anonymous and not invasive.
Taken into account an expected response rate of 55–65%, an initial
group of consumers (n = 2372 in 2009 and n = 1758 in 2018) was
randomly selected from the participant database of the panel agencies
(based on socio-demographic representativeness, i.e., age (18 years or
older), gender, educational level, currently living in the Netherlands,

3. Results
A total of 2005 (=n) consumers and 62 (=n) experts completed the
online survey in 2009, and 1014 (=n) consumers and 65 (=n) experts in
2018. The ratio of male/female, the age distribution, the education level
and the geographical information of the panel are mentioned in Ap
pendix A.
3.1. Risk perception of consumers versus experts
An overview of the mean scoring in risk perception of the foodrelated risks by consumers and experts in 2009 and 2018 is given in
Fig. 1.
On average, consumers perceived the risk of unbalanced diet
significantly lower than experts in 2009 and 2018. The risk of food
3
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Fig. 1. Risk perception in 2009 (panel A, filled lines) and 2018 (panel B, dashed lines). Risk perception is expressed as mean score of the consumers (blue) and
experts (orange). Significant differences (p < 0.005) in mean score between experts and consumers are highlighted with a filled symbol.

poisoning and chemicals formed during preparation was not scored
significantly different between experts and consumers in both years.
Consumers perceived the risk of environmental contaminants, hor
mones/antibiotics in meat, chemicals from packaging materials, resi
dues of pesticides, additives, and GMO significantly higher than the
experts in both years. Especially residues of pesticides, additives and
GMO were seen by experts as low (i.e., mean score lower than two),
while consumers perceived these risks as neutral to large (i.e., mean
score higher than three). The risk related to nanotechnology was the
only risk, where the trend between risk perception of consumers versus
experts changed over time, since in 2009 both consumers and experts
scored this rather low (i.e., lower than three), while in 2018 the con
sumers scored the risk significantly higher than experts.
Consumers scored the various food risks fairly evenly. For example,
the difference between the food risk with the lowest score and the
highest score was 0.52 in 2009 and 0.80 in 2018. Experts were more
outspoken and scored the various food risks with greater differences. For
example, the difference between the food risk with the lowest score and
the highest score was 2.14 in 2009 and 2.86 in 2018 (see Appendix B).
The scoring distribution of the food-related risks are shown in
Appendix C. For unbalanced diet in 2009, 37% of the consumers scored
the risk as large to very large, while 73% of the experts scored the risk as
large to very large. In 2018 consumers scored the risk of unbalanced diet
much higher, and the difference in risk perception between consumers
and experts narrowed in 9 years’ time, and was scored as large to very
large, both by experts (91%) and consumers (66%) in 2018.

differences were seen between 2009 and 2018. In 2009 consumers
perceived environmental contaminants as highest risk, but in 2018 this
shifted towards unbalanced diet. Food poisoning shifted from the fifth
highest score in 2009 towards the third highest score in 2018. For ex
perts, the scoring of unbalanced diet (highest score), food poisoning
(second highest score), chemicals formed during preparation (third
highest score) was equal in 2009 and 2018. In general, the scoring of the
highest risks by consumers came more in line with those of experts in
2018, compared to 2009.
3.3. Familiarity with the risk versus perception of the risk
In 2018, besides risk perception also familiarity with the identified
food risks was included in the survey. Table 3 shows the mean scoring of
familiarity with the food risk and the mean scoring of perception of the
food risk for consumers and experts. Consumers scored lower on fa
miliarity than experts for all ten risks (on average 0.6 point lower than
experts). Consumers scored themselves most familiar with the risk of
food poisoning, unbalanced diet, and additives.
For consumers, a weak positive, but significant correlation was seen
for all risks, based on the Spearman’s correlation analyses (Table 3), and
confirmed by chi-square statistic to verify associations (data not shown).
This may suggest that the more familiar consumers were with the risk,
the higher they perceived the risk. This correlation was the lowest for
GMO (rs = 0.143, p < 0.005) and the highest for unbalanced diet (rs =
0.338, p < 0.005). It should be kept in mind that the sample size of
consumers is considerable. This results more easily in significant pvalues while the data show that the correlations between familiarity and
perception of the food-related risks are weak. For experts, there was a
significant negative correlation between familiarity and perception for
GMO (rs = − 0.580, p < 0.005), and residues of pesticides (rs = − 0.366,
p < 0.005). For the other eight food risks the correlation was not sig
nificant. It should be noted that the experts’ sample size (n = 65) was
much smaller than the consumers’ sample size (n = 1014), which means
that correlations are less likely resulting in significance.
Table 3 shows that consumers’ score on the familiarity ranged from
2.26 for nanotechnology to 3.92 for unbalanced diet, while the score on

3.2. Shift in risk perception over time: 2009 versus 2018
Table 2 shows the difference in risk perception between 2009 and
2018 for consumers and experts. Interestingly consumers scored all food
risks significantly higher in 2018 compared to 2009. For unbalanced diet
and food poisoning the difference in scoring was almost 1 scoring point
(from neutral towards large risk). Experts scored unbalanced diet, food
poisoning and chemicals formed during preparation significantly higher
in 2018 compared to 2009. For environmental contaminants, residues of
pesticides, additives, GMO, and nanotechnology no significant

Table 2
Mean scoring (standard deviation) of food risks by consumers and experts, and difference in scoring between 2009 and 2018.
Food risk
1. Unbalanced diet
2. Food poisoning
3. Chemicals formed during preparation
4. Environmental contaminants
5. Residues of pesticides
6. Additives
7.GMO
8. Nanotechnology

Consumers

Experts

2009

2018

Difference (p)

2009

2018

Difference (p)

2.94 (1.20)
2.80 (1.28)
2.91 (1.15)
3.10 (1.16)
2.92 (1.10)
2.69 (1.01)
2.59 (1.05)
2.58 (0.96)

3.82 (1.01)
3.76 (1.14)
3.59 (1.00)
3.78 (1.01)
3.50 (1.00)
3.02 (1.06)
3.07 (1.08)
3.09 (1.05)

0.88*
0.96*
0.68*
0.68*
0.58*
0.33*
0.48*
0.51*

3.81 (1.23)
3.11 (1.14)
2.81 (1.04)
2.42 (0.90)
1.89 (0.87)
1.67 (0.91)
1.67 (1.09)
2.54 (1.26)

4.38 (0.88)
3.66 (1.03)
3.33 (0.95)
2.73 (1.01)
2.08 (1.00)
1.52 (0.79)
1.73 (1.74)
2.31 (0.92)

0.57* (0.004)
0.55* (0.004)
0.52* (0.004)
0.31 (0.080)
0.19 (0.346)
− 0.15 (0.295)
0.06 (0.135)
− 0.23 (0.543)

Asterisk (*) means significant difference of the mean (p < 0.005).
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Table 3
Average scoring of familiarity with the food risk and perception of the food risk, and the correlation between familiarity with the food risk and the perception of the
food risk, for consumers and experts in 2018.
Food risk
1. Unbalanced diet
2. Food poisoning
3. Chemicals during preparation
4. Environmental contaminants
5. Hormones/antibiotics in meat
6. Chemicals from packaging
7. Residues of pesticides
8. Additives
9. GMO
10. Nanotechnology
a

Consumers

Experts

Familiarity with risk

Perception of risk

Correlation (rs) a

Familiarity with risk

Perception of risk

Correlation (rs) a

3.92
3.97
3.12
2.99
3.36
2.68
3.44
3.49
2.78
2.26

3.82
3.76
3.59
3.78
3.68
3.44
3.50
3.02
3.07
3.09

0.338*
0.249*
0.267*
0.238*
0.285*
0.218*
0.272*
0.213*
0.143*
0.282*

4.59
4.22
4.05
3.69
3.63
3.35
3.80
4.05
3.49
2.86

4.38
3.66
3.33
2.73
2.73
2.33
2.08
1.52
1.73
2.31

0.319
0.121
0.041
- 0.099
- 0.246
- 0.212
- 0.366*
- 0.206
- 0.580*
- 0.033

Results of the Spearman’s correlation is indicated with rs. Asterisk (*) means a significant correlation (p < 0.005).

risk perception ranged from 3.02 for additives to 3.82 for unbalanced
diet. This indicates that despite large differences in familiarity, there is
less difference in consumers’ risk perception. Experts, however, were
more outspoken in assessing the risk, which is to be expected based on
their expertise. The experts’ score on familiarity ranged from 2.86 for
nanotechnology to 4.59 for unbalanced diet, while the score on risk
perception ranged from 1.52 for additives to 4.38 for unbalanced diet.
3.4. Socio-demographic differences
The Q-Q plot of the average scoring of all ten food risks together
confirmed that the assumption of normality was not violated, and a
multiple linear regression analysis could be applied. This multiple linear
regression analysis with age, gender and education level as independent
variables and risk perception as the predicted dependent variable
showed that education level had no significant impact on the risk
perception. For this reason, education level was excluded in the multiple
linear regression model. The multiple linear regression analyses showed
that age and gender together explained a very small (adjusted R2 of
0.016 and 0.040 respectively for 2009 and 2018) but significant (p <
0.001 for both 2009 and 2018) amount of variance in scoring of risk
perception calculated over all ten food risks. Age was positively affecting
risk perception. The older the consumers were, the higher the consumers
perceived the risk. For each year of increase in age, the multiple
regression model showed that risk perception increased with 0.005
point (p < 0.001) in 2009, and 0.009 point (p < 0.001) in 2018. This is a
very small effect of age (per year) on risk perception, but still relevant.
Comparing the younger generation (20 years) with the older generation
(80 years), this means an increase of 0.54 points in risk perception in
2018, which is around 10% on a scale from 1 to 5. The multiple
regression model showed that women significantly perceived risks
higher than men. In 2009 this difference was on average 0.156 point (p
< 0.001) and 0.165 point (p < 0.001) in 2018. This is confirmed by a
nonparametric Mann-Whitney U test (two sided) (see Appendix D).
Fig. 2 shows the scoring of risk perception per age group for women and
men in 2009 and 2018. Calculated over all age groups a significant
distinction could be seen between men and women (p < 0.005), and this
gender effect was also observed for several age groups (Fig. 2). Looking
at the individual risks, differences of the effect of age and gender on the
scoring of risk perception can be seen. For food-related risks like addi
tives, GMO and nanotechnology, age and gender significantly influenced
the scoring of risk perception, while for unbalanced diet and food
poisoning the effects of age and gender were not noticeable and not
significant in 2009 as well as in 2018 (see Appendix D).

Fig. 2. Risk perception per age group in 2009 for women (orange) and men
(grey), and in 2018 for women (yellow) and men (blue). Risk perception is
calculated as a mean score over all ten food-related risks. Significant differences
(p < 0.005) in mean score per age group between men and women are high
lighted with a filled square.

4. Discussion
Consumers may respond very differently to food safety issues than
experts, therefore, risk estimates based on experts’ opinion or technicalscientific information do not necessarily indicate how the risk is
perceived by consumers. Knowing the difference in perception between
consumers and experts can be helpful in designing clear and transparent
risk communication strategies (Rembischevski & Caldas, 2020). In this
study the risk perception of consumers and experts was examined in
2009 and 2018 to evaluate differences in risk perception by consumers
and experts, and to assess to which extent risk perception changed over
time. Experts scored unbalanced diet as the highest food-related risk
followed by food poisoning, and chemicals formed during preparation,
in both 2009 and 2018. This ranking of risks by experts corresponded
with the ranking of disease burden when expressed in DALYs as calcu
lated by the Dutch National Institute of Public Health and Environment
(RIVM, 2018). The DALYs due to an unhealthy diet were calculated
around 400,000 DALYs, foodborne infections around 4,000 DALYs, and
contaminants between 300 and 1,000 DALYs. Furthermore, the experts
and the calculation by the Dutch National Institute of Public Health and
5
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Environment (RIVM) both underlined the small (sometimes negligible)
risks of additives, GMO and pesticide residues (Lagerweij, Pijnacker,
Friesema, Mughini Gras, & Franz, 2020; RIVM, 2018; Van Kreijl et al.,
2006).
The consumers’ perception changed over the years. Consumers
scored unbalanced diet as highest food risk in 2018, in contrast with
2009, where environmental contaminants were scored as the highest
food risk. Food poisoning was scored as fifth highest food risk in 2009
and moved towards the third highest food risk in 2018. Although the
scoring of the food risks was not completely the same for consumers
compared to experts in 2018, it clearly came more in line with the ex
perts’ view. Overall, chemical-related risks like environmental con
taminants or residues of pesticides shifted to a lower position and
unbalanced diet and food poisoning shifted to a higher position over
time. Abe, Koyama, Uehara, Hirakawa, and Horiguchi (2020) examined
changes in risk perception of food safety between 2004 and 2018 in
Japan. They concluded that hazards such as contaminants (e.g., heavy
metals) and residues of pesticides caused high levels of concern among
the public in 2004. In contrast in later years, hazards such as food
poisoning by harmful microorganisms, and antimicrobial resistance and
so-called ‘health foods’ ranked higher, indicating that concerns also
shifted over time from chemical hazards towards biological hazards and
healthy foods (Abe et al., 2020).
Notably, unbalanced diet was the only food risk that experts
perceived significantly higher than consumers, but the difference in risk
perception narrowed down between consumers and experts in 2018.
This indicates that in almost ten years time, consumers’ awareness has
risen about the unhealthy eating habit and its relationship with health.
In the Netherlands, an unhealthy dietary pattern is responsible for a
large proportion of the ill-health and deaths due to cardiovascular dis
eases, diabetes, and cancer (Ocké et al., 2017). Half of the Dutch pop
ulation is overweight, and this rate is even higher in lower
socio-economic groups. Food Consumption data showed that the
intake of salt, sugar, calories, and unfavourable fat is for most consumers
higher than recommended (Schuurman, Beukers, & Van Rossum, 2020).
Underestimating the risk of unbalanced diet may make consumers less
susceptible for communication about healthy eating habits, and there
fore an increased risk perception of unbalanced diet is a positive signal.
Socio-demographic characteristics, such as age, gender and education
level had no significant effect on the perception of the risk of unbalanced
diet. Apparently, people from all groups (including consumers with a
lower education) became more aware of the risk of an unbalanced diet.
Improved risk perception is important, but on its own not enough to
make a healthy food choice. Consumers often fail to classify and
recognise unhealthy food items (Marsola, Carvalho-Ferreira, Cunha,
Jaime, & da Cunha, 2021). Furthermore, many food choices are made
unconsciously (Dijksterhuis, Smith, Van Baaren, & Wigboldus, 2005).
Social factors (e.g., habits and food preferences) and physical environ
mental factors (e.g., temptations in the local food environment) play a
major role in food choice, while rational factors, such as intentions based
on knowledge and motivation play a less prominent role (Caspi, Sor
ensen, Subramanian, & Kawachi, 2012; Dijksterhuis et al., 2005;
Drewnowski & Monsivais, 2020; Geurts, Van Bakel, Van Rossum, De
Boer, & Ocké, 2017; Sleddens et al., 2015; Van der Velde, Schuilenburg,
Thrivikraman, Numans, & Kiefte-De Jong, 2019). Therefore, good risk
and health communication as well as changing the food environment is
important in improving dietary patterns.
Consumers perceived seven out of ten food-related risks significantly
higher than experts, namely environmental contaminants, residues of
pesticides, residues of hormones/antibiotics in meat, chemicals coming
from packaging materials, additives, GMO, and nanotechnology. This
outcome is consistent with previous research that showed that invol
untary exposure to (chemical) risks seems more threatening to con
sumers, and concerns arise about the long-term effects (Hartmann,
Hübner, & Siegrist, 2018; Kher et al., 2013; Siegrist, Hübner, & Hart
mann, 2018). Experts have a distinctly different point of view of these

risks and perceive most of these risks as low to very low. Indeed, the
Dutch National Institute for Public Health and Environment pointed out
in an overview report ‘What is on our plate?: Safe, healthy and sustainable
diets in the Netherlands.’ that food in the Netherlands is mostly safe: most
chemicals in food pose a negligible risk to public health (Ocké et al.,
2017). The concerns about food poisoning and harmful chemicals
formed during preparation were scored equally by consumers and ex
perts. Consumers can influence the exposure towards these two
food-related risks by their own food handling at home. For example,
pathogenic bacteria can cause illness, if the food is not handled correctly
by the consumer like improper storage or cross-contamination. And
chemicals like acrylamide and Polycyclic Aromatic Hydrocarbons
(PAHs) can be formed during improper heating at home, like too much
browning of fried potatoes. These events can be seen as personally
controllable.
In 2009 consumers perceived the risk of environmental contami
nants as the main food-related risk, however, in 2018 this shifted to the
second most important risk. Although in this survey it was not asked
which type of food products the respondents had in mind when the risk
was scored, it is known that fish is perceived as very susceptible for
environmental contamination like methyl mercury and dioxins (Ocké
et al., 2017). Verbeke, Sioen, Pieniak, Van Camp, and De Henauw
(2005) looked at risk perception and fish consumption in Belgium, and
concluded that consumers are more aware of the content and effect of
harmful substances than of beneficial nutrients in fish. These findings
exemplify the conflict in consumers’ minds between benefits and risks of
fish consumption. Earlier research performed in five European countries
(Belgium, the Netherlands, Denmark, Spain and Poland) revealed that,
in general, consumers have a low risk perception in relation to seafood,
but that consumers in Belgium and the Netherlands have a slightly
higher risk perception compared to the other countries (Pieniak, Ver
beke, Scholderer, Brunsø, & Ottar Olsen, 2008). Consumption of seafood
is more traditional in the southern European countries which may
explain the higher score on benefit perception and lower score on risk
perception. In these countries risk–benefit evaluations tend to be leaning
toward acceptance of all that is traditional (Pieniak et al., 2008). In the
Netherlands on average 43% of the total population eats the recom
mended amount of fish (lowest consumption among children and
highest among elderly), which is lower than southern European coun
tries (Guillen et al., 2019; Schuurman et al., 2020).
Consumers perceived the risk of residues of pesticides as neutral in
2009 (mean score 2.92) towards a somewhat larger risk for their health
in 2018 (mean score 3.50). In the consumer monitor of the Dutch Food
Safety Authority (NVWA) (2008–2018) and in the Eurobarometer on
food safety in de EU (2010 and 2019) it can be seen that Dutch con
sumers have concerns about pesticides on food (EFSA, 2019; NVWA,
2018). An unfavourable effect of these concerns about pesticides could
be that consumers eat less vegetables and fruit. The National Food
Consumption Survey showed that nine out of ten consumers do not eat
the recommended amount of vegetables and fruit in the Netherlands,
while there is convincing evidence that eating at least 200 g of vegeta
bles and 200 g of fruit a day can reduce the risk of coronary heart disease
and stroke, diabetes, colorectal cancer and lung cancer (Health Council
of the Netherlands, 2015; Schuurman et al., 2020). If and to what extent
risk perception of residues of pesticides influences the consumption of
vegetables and fruit is unknown. Nardi et al. (2020) found that healthy
food products with a shorter shelf life had a higher perception of ben
efits, and a lower perception of risks compared to food products with a
long shelf life. Also, people have more trust and are less risk-averse to
wards food of a vegetable origin compared to animal origin. In Germany,
a computer-assisted telephone survey showed that of the consumers who
eat mostly organically grown fruit and vegetables, about 70% rated the
risks of pesticides use higher than the benefits of eating vegetables,
compared to 53% of the consumers who eat mostly conventionally
grown fruit and vegetables. Organic consumers were significantly more
concerned about pesticide residues in the food than conventional
6
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consumers (Koch, Epp, Lohmann, & Böl, 2017). This could mean that
consumers who are more concerned and more risk-averse shift from
conventional towards organic grown vegetables and fruit, where less
pesticides or pesticides made from elements of natural origin are used.
Two technologies were included in the survey, namely use of genetic
engineering (GMO) and use of nanotechnology in food or packaging of
food. Especially for GMO, consumers perceived the risk much higher
than experts. In 2018 this also applied to nanotechnology, although it
must be noticed that a lot of consumers (around 29%) were not able to
score this risk, because they were not familiar with the risk. The use of
nanotechnology was less well known by consumers than the use of GMO.
The perception of these type of technologies might be especially sensi
tive to the expertise factor because of the specialized knowledge asso
ciated with these type of risks. Unfamiliar, uncertain, unknown,
uncontrollable, and severe consequences are some factors associated
with risk perception, and new technologies score high on several of these
parameters and are consequently regarded with suspicion and perceived
as risky by consumers (Siegrist & Hartmann, 2020; Ueland et al., 2012).
Factors influencing consumers’ perception of novel food technologies
during the early stage of development and introduction can result in a
higher acceptance of such technologies (Siegrist & Hartmann, 2020).
This survey showed that, in general, older respondents perceived the
food-related risks slightly higher than younger respondents, and women
tend to perceive risks higher than men. This is in line with earlier studies
on risk perception (Abe et al., 2020; Finucane, Slovic, Mertz, Flynn, &
Satterfield, 2000; Nardi et al., 2020; Zingg et al., 2013). However,
looking at individual risks, differences could be seen. Data from our
study suggested that the older generation and women generally
expressed more concern towards chemical related risks and new tech
nologies. This difference did not apply for unbalanced diet and food
poisoning where no significant differences between the gender- and age
groups were visible. Insight in differences in risk perception between
socio-demographic groups is essential to design clear and targeted
communication strategies.
While our study provided quantitative data on food-related risk
perception of consumers and experts over time (in 2009 and 2018), we
did not determine the cause of this and we did not assess consumers’
underlying concerns in relation to food hazards. Previous research has
shown that these are not confined to human health but extend to animal
welfare and the environment (Miles & Frewer, 2001). Further research
must be designed to address these causes, and these must be considered
in any adequate communication strategy.
Communication and providing information about specific food risks
can influence risk perception (Rembischevski & Caldas, 2020). It can be
noted that in the last decade the Dutch government (Dutch Ministry of
Health, Welfare, and Sport, 2018), global organizations such as the
World Health Organization (WHO, 2018), and the media reported more
often about the importance of balanced diet than before, which may
have contributed to changes in consumers’ risk perception. Also, food
labelling can be seen as a communication tool for the management of
perceived risks for consumers (Hartmann, Hieke, Taper, & Siegrist,
2018; Tonkin, Coveney, Meyer, Wilson, & Webb, 2016). A practical
implication from this study can be to further look at food labelling as a
tool for consumers to manage perceived risks like food poisoning (e.g., a
hygiene warning label on the packaging of poultry). Following up
studies are needed to further explore how perception of risks can be
changed through communication (e.g., food labelling) and eventually
may underlie changes in behaviour.

women. Consumers were most familiar with the risk of food poisoning,
unbalanced diet, and additives and least familiar with nanotechnology.
This study provides insights into the differences in risk perception be
tween consumers and experts and the changes over time. Recognition of
differences is an important element in order to design clear and trans
parent risk communication strategies.
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