
Abstract
The association of food safety knowledge and climate with

gender, education level, length of employment, food safety train-
ing, and professional role was measured using a 15-item food safe-

ty climate survey and a 20-item food safety questionnaire on a
sample of 263 employees from 19 small and medium-sized univer-
sity canteens in Croatia, Hungary, and Portugal. The relationship
between knowledge and climate and the demographic determi-
nants of both variables were examined. Food safety knowledge
was inadequate (45.5% of correct responses), while perceptions of
food safety, as measured by the food safety climate survey, were
positive (2.69 out of a maximum of 3.00). The perception of
resources in canteens was the least favorable across all countries.
Leaders did not exhibit better food safety knowledge or percep-
tions. Food safety climate and knowledge were significantly posi-
tively correlated and influenced by training. Perceptions of food
safety compared to employee knowledge levels indicated that
some employees were overly optimistic about food safety risks.
Therefore, food safety knowledge and food safety climate should
be assessed in parallel, and both could be improved through ongo-
ing training of employees, especially leaders.

Introduction
For decades, food safety training has been the primary tool to

improve the food safety knowledge of food handlers, as improved
knowledge leads to increased awareness and safe food handling
practices. However, training and knowledge are not the only deter-
minants of safe practices (McIntyre et al., 2013; Al-Akash et al.,
2022). The importance of a food safety culture in ensuring food
safety was recently recognized by European legislation, which
states that all food business operators should establish, maintain
and provide evidence of an appropriate food safety culture
(European Commission, 2021). Food safety culture is defined as a
long-term construct that exists at the organizational level and
impacts the food safety performance of the organization. On the
other hand, food safety climate is a temporary construct existing at
the individual level, relating to the perception and attitudes of indi-
viduals (Sharman et al., 2020). It is assessed through surveys in
which employees tick how much they agree with various state-
ments (indicators) on different categories such as leadership, com-
munication, commitment, resources, and risk awareness or hazard
awareness (De Boeck et al., 2015). Food safety climate may be
influenced by subjective parameters, such as motivation or burn-
out at work (De Boeck et al., 2017), demographic (Ellis et al.,
2010), or national cultural values (Tomasevic et al., 2020). 

In the Croatian and Hungarian food industries, food safety cli-
mate has recently been assessed and discussed in terms of national
cultural values (Tomasevic et al., 2020), but the study did not focus
on food service units, which are more frequently involved in food
safety incidents than the larger establishments (EFSA, 2021).
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Cross-national studies on food safety knowledge have rarely been
conducted (Smigić et al., 2016). Thus, this paper aims to assess
whether and to what extent food safety knowledge and climate
negatively affect food safety in university canteens in Croatia,
Hungary, and Portugal. The results are discussed in terms of the
relationship of knowledge and climate with demographic values,
and countries.

Materials and Methods
The relationship of food safety knowledge and climate with

gender, education level, length of employment, food safety train-
ing, and role (demographic parameters) was examined using a 15-
item food safety climate survey and a 20-item food safety ques-
tionnaire. The sample included food handlers in 19 public univer-
sity canteens with less than 30 employees from Croatia, Hungary,
and Portugal. The canteens varied in size (7-29 employees). All
kitchens were cooking facilities, which means meals were pre-
pared from raw materials, and several thermally processed dishes
were prepared daily. Employees cleaned the equipment after their
work shift according to cleaning protocols. Food handlers partici-
pated in this study by anonymously completing questionnaires on
food safety knowledge and self-assessment surveys about food
safety climate. A total of 290 workers in 9 university canteens in
Croatia (Zagreb), 3 in Hungary (2 in Budapest, 1 in Gödöllő), and
7 in Portugal (5 in Porto, 1 in Coimbra, and 1 in Aveiro) participat-
ed in this study. Canteen managers in each country approved the
questionnaires/surveys and confirmed that food handlers would
understand the questions.

Questionnaire development 
The tools from previously conducted research on food safety

climate and knowledge were used in the initial phase. The tools
were then modified to reduce the time for completion to 15 min-
utes. In addition, some new categories and questions were added as
they were deemed important for the food handlers in the canteens.
The final structure was approved by the Ethical Committee in
Portugal (CE19114, approved on 30.5.2019). 

Survey content
The survey was divided into 3 parts. The first part examined

the demographic characteristics of food handlers (gender, educa-
tion degree, total and current work experience, training, and role
within the establishment). The second part of the survey was the
food safety knowledge questionnaire, which assessed employees’
knowledge of cross-contamination, refrigeration, cooking, and
cleaning. The questionnaire contained a total of 20 questions; it
used 2 types of questions: some could be answered with “correct”,
“incorrect” or “I don’t know”, and others with multiple-choice
answers. Out of the 20 questions, 14 were used in previous studies
(Pichler et al., 2014; Smigić et al., 2016; Moreb et al., 2017); 6
questions were added to assess specific knowledge about tempera-
ture control, cleaning, and Listeria monocytogenes. The third part,
the survey on food safety climate, included 15 statements (indica-
tors) to assess food safety climate, i.e., employees’ opinions on
food safety in the facility where they are employed. The survey
was divided into 5 categories: communication, commitment, risks,
resources, and documentation. The indicators in the first 4 cate-
gories were taken from the previously developed food safety cli-
mate tool (De Boeck et al., 2015). Additionally, employees’ opin-
ions on the use of written procedures and mandatory checklist

completion requirements were assessed and designated as the doc-
umentation category. Since the instrument originally developed by
De Boeck et al. (2015) was drastically modified, internal consis-
tency was calculated using Cronbach’s a (CA), which is a measure
of scale reliability. The resulting scores were all above the thresh-
old for reliability (CA>0.60). Respondents indicated on the Likert
scale (1-3) how much they agreed with certain statements (I do not
agree-1, I partially agree-2, I agree-3).

Data analysis
The results of the questionnaires and surveys were analyzed in

SPSS 17.0 (IBM, Armonk, USA). Two new variables were calcu-
lated: the mean values   of answers from the food safety climate sur-
vey [mean climate (MC)] and the percentage of correct answers
from the food safety knowledge questionnaire [knowledge score
(KS)]. KS was calculated by dividing the number of correct
answers by 20, i.e., the total number of questions. The final version
of the food safety climate survey had 6 indicators that could be
viewed as objective indicators, e.g., indicators 3, 7-9, 13 and 15
(Table 1), while the others could be considered more subjective
observations on communication, commitment, and risks; the mean
values of the results of objective and subjective indicators were
calculated and coded as MCobj and MCsubj. 

The distribution of respondents’ answers in all question cate-
gories was determined and the normality of variable distribution
was tested. The statistical tests employed afterward were per-
formed to examine the relationship between MC and KS and
demographic characteristics. The non-parametric Mann-Whitney
and Kruskal Wallis tests were used to test MC. Since KS was a nor-
mally distributed continuous variable, a t-test and one-factor anal-
ysis of variance with a post-hoc Tukey test were used. To deter-
mine the correlation between the variables, Spearman’s rho was
calculated. 

Results and Discussion
Food safety knowledge/climate scores 
and demographic determinants

Of the 290 surveys collected, 263 were valid, i.e., fully com-
pleted (113 from Croatia, 121 from Portugal, and 29 from
Hungary), as reported in Table  2. The mean KS was 45.5%.
Similar studies were previously conducted in school canteens in
Portugal and Hungary and had higher KS values than in this study,
e.g., 66.1% in Portugal and 69.6% in Hungary (Santos et al., 2008;
Toth et al., 2014). The lower score found in this study could be par-
tially explained by the higher difficulty of the questions (most were
multiple-choice and only a few questions were obvious or general
knowledge); however, the knowledge level was still low. The inad-
equate knowledge could not be explained by the nature of the
activities in the kitchens, or the size of the canteens (data not
shown). A significant  association (p<0.05) was found between KS
with total work experience and KS with training. It was found that
both types of mandatory training had a significant impact on KS.
A direct relationship between training and employees’ food han-
dling knowledge was expected and confirmed in other studies
(Santos et al., 2008; Gruenfeldova et al., 2019).

In contrast with KS, MC was quite high (2.69 out of a maxi-
mum of 3.0), indicating that food handlers perceive the food in
their facilities to be safe. High climate scores appear to be common
in food establishments (Tomasevic et al., 2020). In addition to the
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objective determinants of food safety climate, some other factors
that could also result in the masked or over-positive results are fear
of being honest and possibly losing one’s job or the trust of man-
agers, superficial approach in completing the surveys due to lack
of time or interest, etc.

In terms of demographic determinants, this study found that in-
house training conducted by leaders was a statistically significant
factor in the improvement of food safety perceptions. Therefore,
the importance of training was demonstrated not only in the
improvement of knowledge but also in perceptions of food safety,
e.g., organizational climate. The impact of other demographic
parameters on the organizational culture was previously, but not
often, studied in the food safety context.

In this study, the respondents with high school diplomas eval-
uated the climate better than the others, but a more general conclu-

sion about the relationship between educational level and climate
cannot be drawn from the results. Gender was expected to have an
impact on the MC scores as female workers are more internally
motivated to follow proper food handling procedures (Ellis et al.,
2010). However, in this study, gender did not have an impact on
the climate scores. 

Differences in knowledge and climate scores
between the countries

The best overall KS was obtained by the Croatian food han-
dlers (54.2%), followed by the Hungarian and Portuguese ones
(44% and 43.3%, respectively) as reported in Table 3 (Pichler et
al., 2014; Smigić et al., 2016; Moreb et al., 2017). The low KS
score in Hungary may be partially attributed to the relatively short
duration of respondents’ employment in these canteens, while in
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Table 1. Food safety climate survey with mean scores by country. Indicators marked in italics are objective indicators of the food safety
climate survey.
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Portugal about 30% of employees did not receive food safety train-
ing (Table 2). The lack of training in Portuguese restaurants, bars,
and school canteens has been previously reported (Santos et al.,
2008; Smigić et al., 2016). Some knowledge gaps are similar
across countries (e.g., the difference between the control measure
and the corrective action). Overall, the largest knowledge gap is
found in cooking, e.g., time-temperature control (KS=39.4%),
which is a common knowledge gap also in other studies conducted
in canteens (Tóth et al., 2017; Gruenfeldova et al., 2019). 

Regarding the differences in food safety climate scores,
Croatian respondents perceive food safety climate better than
respondents from Portugal or Hungary, with a significantly higher
overall score than Hungary (Table 1). In all 3 countries, the indica-
tor “In my organization, the necessary infrastructure (e.g., good
workspace, good equipment...) is available to be able to work in a
hygienic and food-safe way” was the least positively rated. This is
often the least positively rated indicator in food safety climate
studies (Tomasevic et al., 2020). 

Relationship between knowledge and perception
Looking at the results as a whole, Croatian participants had the

highest KS and climate scores, while knowledge and climate
should be better in Hungarian canteens. However, when comparing
the KS and climate scores in each country, the interpretation of the

results may differ. Hungarian respondents seem to be more realis-
tic about the risks in their establishments (as shown in the Risks
category of Table 1), especially compared to Croatians. Croatian
respondents did not know that L. monocytogenes is an important
pathogen for their establishments: only 14.3% gave the correct
answer, as reported in Table 3 (Pichler et al., 2014; Smigić et al.,
2016; Moreb et al., 2017), although Croatian canteens are classi-
fied as high-risk establishments and scientific evidence suggests
that L. monocytogenes poses a significant risk in retail and food
service, including canteens (Dufour, 2011). However, Croatian
food handlers mainly believed that the risks in their canteens were
known and under control, suggesting that they were overly opti-
mistic in their response. This phenomenon, in which people
believe they are less likely to be affected by adverse events than
others (i.e., optimistic bias) has been previously observed among
food handlers (Rossi et al., 2017). Optimistic bias can have a neg-
ative impact on food safety because an overly optimistic food han-
dler may overlook some procedures and consequently contaminate
food.

The food safety climate survey revealed the level of commit-
ment and communication regarding food safety, taking into partic-
ular consideration the role of leaders. It seems that Hungarian lead-
ers do not consider hygiene and food safety to be as important as
in the other 2 countries. This could influence the perceptions of
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Table 3. Food safety knowledge questionnaire with knowledge scores by country. Statements in bold are the correct ones. 
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other workers, who were not convinced of the importance of food
safety (as reported in the Commitment category of Table 1). In all
countries, leaders, who are often responsible for in-house training
and should be role models, did not show a higher knowledge of
food safety (Table 2). Documentation was the category with the
largest differences between countries. One of the most important
requirements of food safety management systems is regular tem-
perature control. However, many food handlers in our study did
not check the temperature daily, especially in Hungary (Table 1).
Differences in compliance with daily checks between countries
were not reflected in cooking knowledge, e.g., Hungarian food
handlers did not have significantly lower knowledge scores on
time/temperature checks. In general, food handlers are not enthu-
siastic about filling out mandatory checklists. It appears that com-
pleting the checklists does not contribute to knowledge, yet it is
critical to the safety of the food prepared.

Factors influencing food safety climate
As already shown, training is related to an increase in knowl-

edge and also to climate. Therefore, a correlation analysis was per-
formed between KS and MCsubj of the food safety climate survey 

The results showed a weak significant positive correlation
between the KS and the MCsubj of the food safety climate survey
(rs=0.126; p=0.041). This implies that higher knowledge can
increase food safety perceptions, as measured by food safety cli-
mate tools. Although low knowledge does not necessarily indicate
incorrect food safety practices, high knowledge could increase
food safety perceptions and indirectly contribute to food safety
practices. 

Positive weak correlations were also found between KS and
MCsubj when only female responses were considered (rs=0.136;
p=0.042); this was not the case for males, meaning that the
increased knowledge led to higher climate scores only for female
respondents.

Limitations of the study
One of the limitations of this study is the unbalanced sample

(e.g., the small number of respondents from Hungary) which limits
the interpretation of the results. However, the balanced representa-
tion of food handlers employed in university canteens in Portugal
and Croatia provides reasonable confidence in the results. The
sample was not as balanced as far as other factors were concerned
(e.g., gender and work experience), which may also limit the inter-
pretation of the results. However, it should be noted that the distri-
bution of gender and years of experience is representative of uni-
versity cafeterias.

Conclusions 
Employees working in university canteens in three European

countries showed inadequate food safety knowledge. Food safety
training is a reliable means of improving knowledge, but it also
positively affects the perception/awareness of food safety. This is
especially important for leaders, whose knowledge and percep-
tions can impact other food handlers. To improve food safety
knowledge and climate, the following opportunities were identi-
fied: provide ongoing training to employees and, especially, to
leaders; conduct knowledge and climate assessments, as this infor-
mation can help identify knowledge gaps and assess the reliability
of responses to specific food safety climate survey categories; and
ensure adequate equipment, devices, and spaces for employees to
work hygienically.  
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