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Abstract: Food safety is an important requirement for protecting human health worldwide.
In particular, medical students” education on food safety is essential for them as future
physicians, and university education is the first step in acquiring this knowledge. We
performed an online survey with 1277 respondents among medical students to assess
knowledge, attitudes, and practices (KAPs) related to food safety regarding microbiological
contamination. Our findings showed that more than half of the respondents presented a low
level of food safety knowledge, with a score between 11-60 points, and only 6% managed
to score between 81 and 100 points, which was considered a high level of knowledge. On
the contrary, we found that most participants had a high level of good practice: 58% scored
more than 25 points, 39% had an average level of good practice (scoring between 21 and
25 points), and 3% of respondents had a low level of good practice (scoring below 21 points).
We also noticed a statistically significant difference between total scores of preclinical and
clinical years of study among medical students (p = 0.005) regarding food safety knowledge.
The frequency of cooking was positively correlated with the level of food safety knowledge,
but not with food safety practices. Our study shows that better knowledge on food safety
is needed among medical students. Improving knowledge and awareness of food safety
in relation to microbiological contamination is a good way to protect themselves and to
promote the correct food safety knowledge and measures among their patients.

Keywords: food safety; medical student; microbiological food contamination; foodborne
disease; eating behaviors; food choices
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1. Introduction

According to a WHO report (2015), about 600 million people worldwide fall ill ev-
ery year from eating contaminated and/or spoiled food, with 420,000 deaths, including
125,000 deaths in children under 5 years of age in low- and middle-income countries [1].
Foodborne illnesses are caused by both biological agents (bacteria, viruses, parasites, and
prions) and chemicals (natural toxins, persistent organic pollutants, and heavy metals). If
the symptoms are not serious and the consumer does not end up hospitalized, most cases
are often not reported to the relevant authorities.

There are many ways in which food can be contaminated and/or adulterated; it is
therefore important that the whole food production chain, from farm to fork, be monitored
at critical points to ensure that the food reaching the consumer is safe to eat and does not
cause illness or, in some cases, does not cause disease endangering consumers’ lives [2-5].

In the food supply chain, responsibility for food safety lies with the producer as well
as the authorities, who must ensure that the food placed on the market is safe to eat. After
buying food, the consumer also plays a role in ensuring food safety by transporting, storing,
preparing, and handling food at home. If these activities are not properly managed, they
can have a negative impact on food safety and put at risk consumers” health [2,6].

As future doctors, medical students should acquire sufficient knowledge about food
safety. This human health education activity and food safety is an integral part of both
pre-clinical and clinical specialties. In accordance with the current curricula for medical
students at the Faculty of Medicine of the University of Medicine and Pharmacy “Carol
Davila” in Bucharest, they study food and nutritional hygiene in the third year of study.
Later, in the higher years of study, in other clinical specialties, medical students have the
opportunity to deepen their understanding of nutritional and food hygiene skills.

Concern for efficient communication is an important component of the doctor-patient
relationship [7,8]. A doctor’s assessment of a patient starts with an anamnesis, profes-
sional and socio-economic conditions afterwards, and then therapeutic interventions and
recommendations for healthy living can follow, including information on food safety.

Thus, it is important to assess knowledge and practices among medical students in
order to transfer appropriate knowledge to the general population. Recent studies in
the field demonstrated that food safety and hygiene education improve the knowledge,
attitudes, and practices of students with different specializations, and the necessity of
raising awareness among these students about food safety was emphasized [9-11]. The
necessity of raising awareness among these students about food safety using appropriate
interventions was also emphasized [12-14].

1.1. Hypotheses

Doctors represent a key source of information and education on health among the
population. Starting this point, we set out to test the level of knowledge acquired by
medical students during undergraduate studies.

In this context, we started our research from 3 hypotheses:

Hypothesis 1: Medical students have a good level of knowledge regarding food safety (microbiologi-
cal contamination) as a result of theoretical training during the 6 years of study.

We expect a good level of knowledge in the study group considering the results
of other studies that revealed better knowledge among medical students compared to
non-medical profiles [15,16].
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Hypothesis 2: Students in the clinical years of study have a better level of knowledge than those in
pre-clinical years of study; students complete the Food and Nutritional Hygiene module and other
disciplines related to biological agents that contaminate food by the third year of study.

Hypothesis 3: Food safety practices are influenced by the level of knowledge regarding food
safety. The importance of education and training translated into good food safety practices was also
underlined by other authors [12,17-19].

1.2. The Aim of the Study

In the current study, we aimed to assess knowledge and practices regarding food
safety in relation to food contamination with biological agents. During this study, we
specifically tested their level of knowledge on food safety and the practical application of
this knowledge to their personal life, starting with the idea that a future doctor is more likely
to convince patients about food safety if he is convinced of the importance of preventive
behaviors and already applies them on a personal level.

In addition, we considered this study as a starting point for future adaptation and
improvement of the food safety topics covered in the curriculum.

2. Materials and Methods
2.1. Study Design

We performed an online survey with 1277 respondents among medical students from
“Carol Davila” University of Medicine and Pharmacy in Bucharest, Romania, to assess
knowledge and practices related to food safety.

2.2. Survey Questionnaire

In order to achieve the purpose of this study, a questionnaire with 4 sections was
developed to assess different aspects related to food safety, based on models from pre-
viously published studies [20-24]. In the first part of the questionnaire, the study was
described, and consent was obtained from the respondents for participation in the study,
data confidentiality, and personal data processing.

The second section of the questionnaire collected socio-demographic information (age,
gender, residence during study, year of study), anthropometric data (weight, height) and
information on respondents’ cooking behaviors, type of food purchased, factors influencing
food choice, and personal pathological history in relation to food consumption in the recent
past (<6 months).

The third section was dedicated to assessing knowledge on food safety. The 10 ques-
tions in this section focused on etiologic agents and symptoms of food-borne outbreaks,
ways of food contamination, cross-contamination, and measures to prevent contamination.
The section contained closed-ended questions with a limited number of answer choices,
including 6 single-answer and 4 multiple-choice questions, with 10 marks being awarded
for each correct answer. Thus, a student was able to accumulate a total of 100 points from
answering the questions in this section.

The fourth section consisted of a set of 10 closed-ended, tri-dichotomous questions:
“Yes”, “Every Time”, and “Not Often/No”, by which we collected information about
respondents’ food safety practices and habits. The main aspects assessed were food storage
and handling, kitchen utensil hygiene, and hand hygiene.

The draft questionnaire was initially tested on a batch of 10 students in order to
identify any possible unclear wording of the questions. No questions were deleted or
replaced during piloting. Responses from the 10 pilot questionnaires were not included in
the final analysis.
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The link to the online questionnaire was sent to “Carol Davila” University students
through online communication channels (WhatsApp, Facebook, Instagram), and to access
the questionnaire, students were asked to log in with their institutional email address,
both to confirm their status as a student of the University of Medicine and Pharmacy
“Carol Davila” of Bucharest and to restrict the completion to one questionnaire per student.
Participation in the study was allowed for students of all years of study, and was voluntary,
anonymous (the e-mail address was not collected together with the other information), and
without any compensation. Access to the questionnaire was possible for 2 weeks between
1 and 15 November 2021.

The questionnaire was provided to participants in the Romanian language, and the
estimated time for completing it was about 5 min.

2.3. Statistical Analysis

Data were collected on the Google Forms platform and then exported to an Excel
(xIsx) file. Statistical analysis was performed with SPSS Statistics (version 25, IBM Corp.,
Armonk, NY, USA).

The analysis performed included descriptive statistics (frequencies, standard de-
viations, means, medians), comparison of means, and correlations. For all of these,
a p-value < 0.05 was considered statistically significant, and tests such as ANOVA, the
Kolmogorov-Smirnov test, the Kruskal-Wallis test, Cohen’s coefficient calculation, the
McNemar test, and standard tests such as the Pearson Chi-square, likelihood, and Student
t-test were used. In order to identify whether the means of the analyzed parameters were
statistically different, the least significant difference (LSD) test was applied.

2.4. Ethical Approval

Ethical approval to conduct this study was granted by the Research Ethics Committee
of the “Carol Davila” University of Medicine and Pharmacy in Bucharest, Romania.

3. Results

A total of 1279 of the medical students accepted the invitation to complete the question-
naire. Subsequently, only 1277 of the questionnaires completed by them were validated, as
two respondents did not consent to the processing of their personal data for the purposes of
this scientific research. The demographic characteristics of the study group are summarized
in Table 1.

A predominance of female respondents was observed, with 979 respondents (76%).
Subsequently, it was observed that slightly more than a half of the respondents, 658 (51.5%),
fell in the age range of 21-23 years.

The data also revealed that a significant percentage of the respondents lived in a
dwelling with a self-contained kitchen where they could prepare their food in a suitable en-
vironment.

It was also observed that, in terms of university education stage, the study group was
balanced, consisting of 626 medical students (49% of the total respondents) in the preclinical
years (years of study I, II, and III) and 651 (51%) of the medical students in the clinical years
(years of study IV, V, and VI). The first group of medical students in the preclinical years of
undergraduate training (years of study I, II, and III) had not yet completed the module on
Food Hygiene, unlike the second group of medical students in the clinical years.
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Table 1. Characteristics of respondents included in the study (No. = 1277).

Characteristics of Respondents Number (%)
Gender
Women 979 (76.7%)
Men 293 (22.9%)
Other gender 5 (0.4%)
Age
Age < 21 years 658 (51.5%)
Age 21-23 years 380 (29.8%)
Age 24-26 224 (17.5%)
Age >26 years 15 (1.2%)
Living space
Permanent residence 497 (38.9%)
Property rented during university studies 472 (37%)
Room at the student dormitory of the University of 253 (19.8%)
Medicine and Pharmacy “Carol Davila” Bucharest '
Private dormitory 55 (4.3%)
Year of study
Preclinical university studies: 626 (49%)
Year I 89 (7%)
Year II 294 (23%)
Year III 243 (19%)
Clinical university studies: 651 (51%)
Year IV 178 (14%)
Year V 243 (19%)
Year VI 230 (18%)

3.1. Respondents’ Eating Behaviors and Determinants of Food Choices

The study collected data on certain eating behaviors and practices among medical
students (for example, how often they cook their food in a week, month, or year). A total
of 590 respondents (46.2%) answered that they cook several times a week or even daily,
471 subjects (36.9%) answered that they cook several times a month, and 216 (16.9% of the
total number of respondents) answered that they cook only a few times a year or never
(Figure 1).

Cooking frequency

= Several times a week or
daily
= Several times a month

A few times a year or
never

Figure 1. Responses regarding cooking frequency (number of responses; percentage).

The frequency of cooking reported by medical students influenced their score within
the section related to food safety knowledge, with a high level of significance obtained
in the ANOVA test, with a p-value = 0.003. Also, applying the LSD tests, we found a
statistically significant difference between the respondents who stated that they cook
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several times a week or daily and the respondents who said they cook several times a
year or never (p = 0.001). There was also a statistical difference between respondents who
reported cooking several times a month and respondents who reported cooking several
times a year or never (p = 0.006).

Respondents’ food choice and food consumption were mostly influenced by their
knowledge and personal preferences, with 1098 respondents (86%) choosing this option.
The influence of family was stated to be felt by 626 medical students (49%), and the influence
of friends was stated to be felt by 319 (25%) of the respondents. On the other hand, the cost
of food influences food choices in the case of 575 respondents (45%); 115 medical students
(9%) considered that they are influenced by food marketing in their dietary habits.

The respondents could choose from several response options, and the majority chose
at least two answers (i.e., 2 factors) that, in their opinion, influence their food choices and
subsequent food consumption.

Following the completion of the questionnaire and data collection, we were able
to correlate the gender of respondents and the influence of family on their food choices
and subsequent food consumption behavior. Thus, was noted that 54% of the female
respondents (529 out of a total of 979 in our survey) are influenced by family members
in their food choices and consumption decisions; 117 male respondents out of a total of
293 (40%) said the same.

A correlation could also be made between the age of respondents, the influence of
food advertisements on food choices, and subsequent food consumption. A total of 15%
of the respondents of an age of between 21 and 23 years said they are most influenced by
such food advertisements.

All the respondents aged >26 years old said that they are not influenced at all by
advertisements in their food choices and consumption. About 10% of the respondents aged
<21 years and those aged 24-26 years stated being influenced by these advertisements. It
seems that the respondents aged 21-23 years were in the age group most influenced by
food advertisements in their food choices and consumption.

Another correlation was obtained between respondents’ gender, the influence of food
cost on their choices, and subsequent food consumption. Thus, 176 male respondents
(representing 60%) said that they take into consideration the cost of food when buying it,
compared to 421 female respondents (43%).

We also investigated respondents’ eating behavior by the preference to purchase
packaged or unpackaged food. A total of 106 medical students (8.3%) stated that they
prefer to buy unpackaged food, and 432 (33.8%) stated that they prefer pre-packaged foods.
More than half of the respondents, 739 (57.9%), considered that food packing is not a
criterion when buying food.

A total of 323 female respondents (33%) and 105 male respondents (36%) choose to buy
packaged products. Also, 568 female respondents (58%), as well as 167 male respondents
(57%), stated that food packaging is not a criterion when buying food.

We also collected data on a possible disease caused by contaminated food in recent
months (more precisely, in the previous 6 months): 72 medical students (5.6% of the total
respondents) participating in the study answered “yes”. There were also 96 subjects (7.5%)
who responded that they “don’t know”/“don’t remember” if they had had an illness
caused by contaminated food in the previous 6 months. Thus, 1109 respondents (86.8%)
answered that they “did not have” such an illness in the previous 6 months.

Of the reported data, it was found that 80% of the respondents who reported illness
due to contaminated food were women, compared with 18% of male respondents. The
difference of 2% is due to the only reported case of illness among participants of another
gender/non-binary. In regards to the relationship between respondents’ age and recent
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history (last 6 months), it was found that 100% of respondents aged > 26 years said they
had had no episodes of contaminated food-related illness during the previous 6 months. In
the age group of 21-23 years, this percent was 6%.

3.2. Respondents” Assessment of Food Safety Knowledge

The scores obtained by respondents, following the completion of the questionnaire sec-
tion assessing their knowledge of food safety, had an average value of 58.09 & 15.021 points;
the minimum score obtained was only 11 points, and the maximum score was 100 points
(100%) (see Figure 2).

Frequency (no.)

11-20 21-30 3140 41-50 51-60 61-70 71-80 81-90 91-100
Knowledge level scores

Figure 2. Score obtained in the food safety knowledge test.

Respondents’ scores were grouped into three distinct levels of knowledge—high,
medium, and low (Figure 3).

Level of knowledge on food safety

= Low level of knowledge (11-60
points)

= Medium level of knowledge (61-80
points)

= High level of knowledge (81-100
points)

Figure 3. Level of knowledge on food safety among study participants.
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Thus, following the theoretical assessment of food safety, carried out through a set
of 10 questions, the following conclusions were reached, establishing that the majority of
respondents in the survey had low levels of knowledge. The data are presented in Figures 1
and 2. Only 79 respondents (6%) managed to score between 81 and 100 points; within the
survey, this was regarded as a high level of knowledge. In the moderate category, 506 (39%)
of the respondents managed to score between 61 and 80 points. More than half of the
respondents who participated to the survey fell in the category of a low level of knowledge
(with a score of between 11 and 60 points), representing 692 (54%) of them.

Questions that assessed food safety knowledge and the frequency of correct answers
are listed in Table 2, following the order of the number of correct answers given by respon-
dents (not in the order in which they appear in the questionnaire).

Table 2. The frequency of correct answers from the food safety knowledge section (No. = 1277).

Frequency of Correct

Question Answers (No.)
Q1. Which of the following pathogens can be transmitted through food? 154
Q7. How can you tell if your food is contaminated with bacterial toxins? 473
Q8. What makes bacteria multiply? 511
Q5. How do you defrost a food product correctly? 556

Q4. How long should we keep food outside the refrigerator after it has been

577
thermally processed?
Q3. What is the optimal storage interval for perishable foods in the refrigerator? 691
Q10. What methods should be used to avoid food contamination? 709
Q9. What are the most common symptoms of food poisoning? 711
Q2. Cross-contamination refers to the process of transfer pathogen agents from other 835
sources in food?
Q6. Does refrigeration eliminate all pathogens that may be present in food? 862

Thus, according to the collected data, the fewest correct answers were those referring
to the identification of pathogens (A—Salmonella spp., B—E. coli, C—Clostridium botulinum,
D—S. aureus, E—Norovirus), which can be transmitted through contaminated food (only
154 of the respondents answered correctly).

In terms of respondents’ knowledge of pathogens identified in contaminated food, it
can be seen that Salmonella spp. was the pathogen most often identified as transmissible
through food, by 1239 respondents (96.9%). Another pathogen, E. coli, was correctly
identified by 78.9% (1008 respondents), followed by C. botulinum (58.3%, 741 respondents).
It can also be observed that the pathogens least known by medical students to be transmitted
through food were S. aureus (409 respondents, 32.3%) and Norovirus (358 respondents,
28%) (see Figure 4).

A large proportion of respondents, 1162 (representing 91%), considered humans to
be a reliable source of food contamination. Also in a high proportion, 1111 subjects (87%)
considered that during the process of cross-contamination of food, possible pathogens
present on kitchen utensils could come into contact with food. A total of 77% of medical
students (983) considered that there is a risk of cross-contamination from one food to
another (see Figure 5).

More than half of the respondents, 691 medical students (54.1%), answered correctly
about the length of time to keep food in the refrigerator (3—4 days). The overestimation of
food perishability was found in the responses of 518 respondents (40.6%), who considered
that the optimal amount of time that food can be kept in the refrigerator is shorter, only
1-2 days. In addition, 62 respondents (4.9%) underestimated the perishability of food and
considered that food can be kept in the refrigerator for a longer period of time (5-6 days).
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A small proportion of the respondents, six subjects (0.5%), considered that food can be kept
in the refrigerator for more than 6 days.

What pathogens can be transmitted through food?

1400

1239

1200
1008

741
|||||| IIiiiI ]

Salmonella spp. E. coli C. botulinum S. aureus Norovirus

1000

800

600

400

200

Figure 4. Responses regarding pathogens identified in contaminated food.

What are the sources of food
contamination through cross-

contamination?

1200 1162
1150 1111
1100
1050
1000 983

950

900

850

People Kitchen utensils Other foods

Figure 5. Responses regarding sources of food cross-contamination.

Nearly half of the respondents, 577 subjects (45.2%), answered correctly on how long
food can be kept out of the refrigerator after thermal processing (1-2 h). Overestimation
of storage outside the refrigerator at 3—4 h was found in the responses of 551 medical
students (43.2%). Also, 119 respondents (9.3%) considered that food can be stored outside
the refrigerator for 5-6 h after thermal processing, and 30 subjects (2.4%) considered that
the food could be kept out of the refrigerator for more than 6 h.

Furthermore, we investigated the knowledge about proper defrosting of food. A
very small number of respondents—13 subjects (1%)—provided the wrong answer that
using a microwave oven is an option for defrosting food correctly. A traditional option for
defrosting, which involves placing food in a bowl of water at room temperature (setting up
an environment favoring the development of pathogens) was chosen by 306 subjects (24%).
Other respondents, 396 (31%), thought that the correct way to defrost food is to keep it at
room temperature (i.e., at a temperature of 21-22 °C). Less than half of the respondents
(549, representing 43% of the total respondents) chose the correct option, that “food defrosts
in the refrigerator at 04 °C”.
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When asked whether refrigeration destroys all pathogens that can be found in food,
856 respondents (67%) chose the correct answer. The remaining respondents ticked one of
the wrong answers: 383 (30%) chose the answer “only destroys pathogens that are vulnera-
ble to low temperatures”, 26 (2%) chose the answer “no, on the contrary, it facilitates the
multiplication of pathogens”, and 13 (1%) chose the answer “yes, it destroys all pathogens”.

Only 472 medical students participating in the survey (37%) believed that “you can’t
rely on smell, look, or taste to identify a food possibly contaminated with bacterial toxins”.
A third of the total number of medical students, 434 respondents (34%), thought that smell
helps to identify food possibly contaminated with bacterial toxins. Nearly a quarter of
respondents, 294 (23%), felt that only by the sensorial characteristics can a food possibly
contaminated with bacterial toxins be identified.

A small percentage, 5% (64 respondents), considered that “to identify a possibly
contaminated food, I would have to taste it”—of course, this answer is wrong and is
certainly not recommended if we suspect bacterial toxin contamination of a particular food.

Out of the total number of medical students participating in the study, 511 subjects
(40%) thought that “foods with high water content favor the multiplication of bacteria”,
taking into account the specific environment provided by food. Over half, 677 respon-
dents (53%), thought that products with an increased sugar content would favor bacterial
multiplication. Indeed, sugars can act as a substrate for bacteria, but their increased con-
centration creates a hypertonic environment that affects microorganisms, preventing them
from multiplying and thriving.

A practical example of using increased sugar concentrations to prevent bacteria multi-
plication is preparing jams and jellies. Similarly, another form of food preservation is the
use of high salt concentrations—for example, in the preparation and preservation of pickles.
To a small extent, about 3% of respondents (38 subjects) thought that foods with high salt
concentrations favor bacteria multiplication. Also, a small percentage (5%, 64 respondents)
thought that products with low water content would encourage bacteria to multiply.

As regards the most common symptoms of food poisoning (A—nausea, C—vomiting,
D—diarrhea, E—fever, F—abdominal pain), the most easily identifiable for respondents
were vomiting (98%), diarrhea (97%), nausea (95%), and abdominal pain (94%).

However, there were also some symptoms that made the medical students participat-
ing in the study feel uncomfortable. Thus, 1006 (78.8% of the total respondents) considered
fever a symptom in the clinical picture of microbial food poisoning; another 230 respon-
dents (18%) added constipation to this clinical picture, along with paresthesia, which was
the choice of 102 respondents (8%).

In terms of measures that can be used to avoid food contamination (A—Personal
hygiene, B—Environmental hygiene, C—Separation of thermally prepared food from
non-thermally prepared food, D—Separation of vegetables from meat, E—Refrigeration
of food, F—Thermal preparation of food), 792 medical students (62%) felt that separating
vegetables from meat was the right way to avoid food contamination. In contrast, medical
students did not consider other measures to avoid food contamination, such as food
refrigeration (67%) and the separation of heat-processed and non-heat-processed food
(69%).

The majority of medical students considered personal hygiene (1162 respondents,
representing 91%) to be “the most appropriate method to avoid contamination”, followed
by environmental hygiene (1124, 88%) and thermal preparation of food (1098, 86%).

3.3. Results of the Analysis on Possible Correlations Between Participants’” Knowledge Level,
Socio-Demographic Characteristics, and Eating Behavior

The gender of participants did not influence the level of food safety knowledge
(p = 0.704). It was observed that females had an average score of 59.3 £ 15.0, males scored
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58.4 & 14.9 points, and those who declared another sex scored 58.4 & 23.2 points (see
Table 3).

Table 3. Comparison of food safety knowledge by gender and year of study.

Frequency Average Minimum Maximum

(no.) Score SD Score Score p-Value
Gender
Women 979 59.3 15.0 11 100
Male 293 58.4 14.9 11 100 0.704
Other 5 58.4 23.2 17 72
Year of study
Preclinical ! 626 579 15.0 11 100 0.005 *
Clinic 2 651 60.2 15.0 14 100

I The preclinical years of study comprise years I, II, and III of undergraduate study. 2 The clinical years of study
comprise years IV, V, and VI of undergraduate study. * p < 0.05 with statistical significance.

Taking into account the medical educational stage of respondents” pre-clinical or
clinical undergraduate training, a statistically significant difference was noticed between
the total scores of these two sub-groups of medical students (p = 0.005) (Table 3).

We found statistically relevant differences for some questions between the two sub-
groups of medical students depending on the year of study (see Table 4). These data
were highlighted using Pearson Chi-square and likelihood tests. A statistically significant
difference of 3.6% was observed in favor of respondents in the clinical years of study
regarding correctly identifying all possible food pathogens (p = 0.04). This trend of a
slightly higher percentage in the case of students from the clinical years compared to the
pre-clinical years was also maintained for the questions on correctly defrosting food (8%
higher), correctly identifying the most common symptoms of contaminated food poisoning
(19%), and correctly identifying all methods to avoid food contamination (10.8%). The only
statistically relevant difference in favor of students from the preclinical years of study, who
answered correctly at a higher percentage than those in the clinical years of study, was for
the question regarding food that may favor the multiplication of bacteria, with a percentage
difference of 6.1%. (p = 0.026).

Table 4. Correct answers related to food safety knowledge by the stage of year of study (No. = 1277).

Question Preclinical Years Clinical Years
Frequency Percentage Frequency Percentage g
(N = 626) (%) (N = 651) (%) p-Value
Q1.Which of the following pathogen o o .
agents can be transmitted through food? 64 10-2% %0 13.8% 0.048
Q2. Cross-contamination refers to the
process of transfer of pathogens from 408 65.2% 427 65.6% 0.876
other food sources?
Q3. What is the optimal storage interval o o
for perishable foods in the fridge? 344 55% 347 53.3% 0-554
Q4. How long should we keep food
outside the refrigerator after it has been 285 45.5% 292 44.9% 0.809
thermally processed?
Q5. How do you defrost a food 247 39.5% 309 47.5% 0.004 *

product correctly?
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Table 4. Cont.

Question Preclinical Years Clinical Years
Frequency Percentage Frequency Percentage E
(N = 626) (%) (N = 651) (%) p-Value
Q6. Does refrigeration eliminate all o o
pathogens that may be present in food? 421 67:3% a4l 67.7% 0.852
Q7. How can you tell if your food is 237 37,99 236 36.3% 0.552

contaminated with bacterial toxins?

Q8. What promotes breeding bacteria? 270 43.1% 241 37% 0.026 *

Q9. What are the most common
symptoms of food poisoning?

288 46% 423 65% <0.0001 *

* p < 0.05 with statistical significance.

3.4. Respondents’ Assessment of Food Safety Practices

The food safety practices assessment was conducted through a set of 10 questions, for
which the respondents were able to obtain a maximum score of 30 points. In our study
group, the mean score obtained was 25.8 &+ 2.4 points, the minimum score was 15 points,
and the highest score was 27 points.

The scores obtained by the study participants were grouped into three distinct levels
of good practice: high, medium, and low. Thus, following the assessment of good practices
regarding food safety, it was found that the majority of participants had a high level of
good practices in terms of food safety. A total of 741 participants (58%) scored more than
25 points, 498 participants (39%) had an average level of good practices (scoring between
21-25 points), and the remaining 38 participants (3%) had a low level of good practices
(scoring below 21 points).

The least respected food safety practices were the following, according to the ques-
tionnaire responses completed by the medical students:

- “Not to consume thermally prepared foods that have been at room temperature for more than
2 h”, which only a small proportion of respondents, 191 students (15%), respected;
- “Not washing eggs until their use”, reported by 532 respondents (41%).

On the other hand, the most respected practices were:

- “Washing fruits and vegetables before eating”, reported by 1230 respondents (96%);
- "Washing hands with soap and water before preparing food”, a response given by 1210 re-
spondents (95%).

The data are summarized in Table 5.

Applying the ANOVA test, a statistical difference (p = 0.009) was found between males
and females when comparing mean scores of food safety practices by gender.

In terms of differences between male and female respondents to certain questions (the
data are summarized in Table 5), it was found that female respondents generally have a
higher level of good practices than male respondents regarding washing hands with soap
and water before preparing food (96% of female respondents do this every time compared
to 90% of male respondents; p-value = 0.0008), washing hands with soap and water after
preparing food (83% of female respondents do this every time compared to 77% of male
respondents; p-value = 0.025), and washing the knife and mincer after each cut, especially
after raw meat preparation (70% of female respondents do this every time compared to
61% of male respondents; p-value = 0.009).
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Table 5. Section on the food safety practices assessment.

Question Every Time Sometimes No
Frequency  Percentage Frequency Percentage Frequency Percentage

(No.) (%) (No.) (%) (No.) (%)

Q1. Do you wash your hands with soap 1210 94.8% 66 5.2% 1 0.05%

and water before preparing food?

Q2. Do you wash your hands with soap

and water after handling raw meat (pork, 1143 89.5% 119 9.3% 15 1.2%

chicken, seafood)?

Q3. Do you wash your hands with soap 1047 82% 206 16.1% 24 1.9%

and water after food preparation?

Q4. Do you eat food that has been left at 420 399, 666 5019 191 15%

room temperature for more than 2 h?

Q5. Do you wash fruits and vegetables 1230 96.3% 45 3.5% 2 0.12%

before eating them?

Q6. Do you wear accessories such as 134 10.5% 345 27% 798 62.5%

rings or bracelets while cooking?

Q7. Do you wash the knife and cutting

board after each use, especially after 865 67.7% 328 25.7% 84 6.6%

cutting meat?

Q8. Do you wash eggs before using them 383 30% 362 29% 530 41%

for meal preparation?

. Do you read and observe the storage g 53.8% 563 44.1% 28 22%

conditions on food product packaging?

Q10. Do you read and respect the 1145 89.7% 125 9.8% 7 0.6%

expiration date on food product labels?

A higher level of good practices was identified among men only in relation to wearing
accessories (rings and bracelets) during food preparation (57% of female respondents never
wear these accessories compared to 82% of male respondents; p-value < 0.001). However,
this finding is not relevant, as it is known that women wear this jewelry more often (the
data are summarized in Table 6).

The frequency of cooking did not influence the score of food safety practices. Thus,
respondents who stated that they cook a few times a week or daily had an average score of
25.9 £ 2.4, respondents who reported cooking several times a month had an average score
of 25.8 + 2.5, and those who cooked several times a month or never had an average score of
25.6 & 2.5, with no statistically differences (p = 0.212 was obtained applying ANOVA test).

The average score obtained by the pre-clinical students in the section regarding food
safety practices was 25.8 £ 2.5 points, and the average score obtained by the medical
students in the clinical years of study was 25.8 & 2.3 points, with no statistically significant
differences in Student’s t-test in terms of the university education level of medical students
participating in the study (p = 0.666).

We found a statistically relevant difference between the level of good practice of
medical students participating in the study and the recent history of food poisoning
(p = 0.002). The average score of those who had, in the previous 6 months, an illness caused
by contaminated food was 24.9 &+ 2.9 points, lower than the comparison group, which had
an average score of 25.8 £ 2.4 points.
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Table 6. Comparison of level of food safety practices by gender (No. = 1277).
Question Women Male Other
Frequency Percentage Frequency Percentage Frequency Percentage Value
(No.=979) (%) No. = 293) (%) (No. =5) (%) P
Q1. Do you wash your hands with
soap and water before 941 96.1% 265 90.4% 4 80% 0.0008 *
preparing food?
Q2. Do you wash your hands with
soap and water after handling raw 880 89.9% 259 88.4% 4 80% 0.6318
meat (pork, chicken, seafood)
Q3. Do you wash your hands with
soap and water after 815 83.6% 226 77.1% 3 60% 0.025 *
preparing food?
Q4. Do you eat food that has been
left at room temperature for more 154 15.7% 36 12.3% 0 0% 0.1843
than 2 h?
5. Do you wash fruits and 955 97.5% 271 92.5% 5 100%  0.0003 *
vegetables before eating them?
6. Do you wear accessories such 555 56.7% 241 82.3% 2 40%  <0.0001*
as rings or bracelets while cooking?
Q7. Do you wash the knife and
cutting board after each use, 684 69.9% 179 61.1% 2 40% 0.009 *
especially after cutting meat?
(8. Do you wash eggs before using 296 30.2% 86 29.4% 1 20% 0.8428
them for meal preparation?
Q9. Do you read and observe the
storage conditions on food 512 52.3% 171 58.4% 3 60% 0.1693
product packaging?
Q10. Do you read and respect the
expiration date on food 881 90% 260 88.7% 4 80% 0.6751

product labels?

* p < 0.05 with statistical significance.

4. Discussion

In order to assess the knowledge and practices concerning key food safety knowledge
and measures among medical students, we used a KAP-type questionnaire elaborated for
the scope of this study. These questionnaires are widely used in different fields, such as
evaluating food safety among food handlers or consumers [25-32] and among hospital
personnel [19,33,34], assessing nutrition and dietary habits in different categories of the
population [35-38], and investigating other medical and non-medical areas [39—43].

More than half (54%) of the medical students had a low level of food safety knowl-
edge in the study group. Thus, Hypothesis no. 1 was not confirmed. We consider that
this low level of knowledge is due to the fact that half of the study participants had not
accomplished the Hygiene module and did not fully understand the concepts of food
safety. Only 79 respondents (6.15%) scored more than 81 points out of total of 100 points.
These findings are in accordance with the results of previous studies conducted in other
countries [16,44,45]. Ma et al. reported similar results among college students in China.
Even if the knowledge level was low, the attitude towards food safety was positive, and
students” practice was moderate and acceptable [45]. Also, a study conducted in Spain
found an adequate knowledge among Health Sciences students of how to keep previously
cooked meals in order to prevent foodborne illness among consumers [24]. In contrast,
our study revealed that the students had a good level of knowledge regarding the ways of
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cross-contamination, the methods used to avoid food contamination, and the most common
symptoms of foodborne diseases.

Among the determinants that influence food safety responses are age, gender, educa-
tion level, and study specialty [21,45]. Gender did not influence the level of knowledge in
our study group. This finding is not in line with other studies—for example, women seem
to be aware of the risk of cross-contamination, while men have better knowledge of storage
temperature and food preservation [24].

Analyzing the scores obtained by study participants in the section regarding food
safety knowledge revealed a statistically significant difference between total scores of
medical students from the pre-clinical stage and the clinical stage. Hypothesis no. 2 was
confirmed, with our results demonstrating that students in the clinical years of study
had a better level of knowledge than those in the pre-clinical years of study.

In terms of food safety practices, medical students’ responses did not vary greatly
between clinical and preclinical years of university education. The correlation between
the degree of education and the level of food safety knowledge and practice was also
investigated by other authors. Luo et al. found inadequate knowledge and inappropriate
behavior and practices among medical students and nursing students. It seems that
the nursing students had lower scores in the knowledge section but higher scores for
attitude and practices regarding food safety issues compared to medical students. However,
students were more concerned about the presence in food of pesticide residues, veterinary
drugs, or the transfer of plastics from the materials in contact with food [16].

The level of food safety practices in the studied group was high. More than half of
the respondents, 766 medical students (58.5%), scored > 25 points out of a total of 30 possible
points on the questionnaire. However, there was no statistically relevant difference between
female and male respondents.

The frequency at which the respondents cook, according to the collected answers, did
not influence the level of good practices. Our survey data identified that people who cook
a few times a week or more often had an average score of 59.96 points, slightly higher than
the people who cook a few times a year or never, with an average score of 55.99 points, but
no statistically significant differences were found.

Hypothesis no. 3 was not confirmed. Applying the Pearson correlation test, we did
not identify a correlation between the level of knowledge and the level of good practices
(p = 0.054, slightly above the 0.05 threshold).

Furthermore, statistically relevant correlations (p < 0.005) were found using the McNe-
mar test by comparing respondents’ knowledge with practices (Figure 6).

For a better description of the correlation between the level of knowledge and good
food safety practices, we collected and compared information through two different ques-
tions addressed to the study participants: a question revealing the knowledge of the
participants, and another assessing practice concerning a given situation.

Thus, the appropriate answers to the knowledge test and the percentages of adequate
answers to the good practices test are presented in parallel below:

L Regarding the risk of E. coli infection through consumption of unwashed fruit and
vegetables, 1009 respondents (79%) are aware of the possibility of the presence
of pathogen agents on the food. The vast majority of respondents, 1226 (96%),
confirmed that they wash fruit and vegetables every time before eating.

II. However, as regards the risk of Salmonella infection, the vast majority of respon-
dents, 1239 subjects (97%), are aware of the possibility of Salmonella on food; how-
ever, only about one third of the respondents, 383 subjects (30%), wash eggshells
each time before using them in food preparation. Salmonella represents the most
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common cause of foodborne outbreaks in the European Union [46-48], and the
most frequently contaminated food products in the region are egg products [49].

I Data collected about cross-contamination, caused by the person cooking the food
touching more than one surface and the food with their own hands, showed that the
majority of respondents, 1213 (95%), wash their hands every time before starting
to prepare food. Also, a significant number of medical students participating in
the study, 1137 subjects (89%), wash their hands every time after handling raw
meat (pork, chicken, poultry), and a significant number of respondents, 1047 (82%),
wash their hands every time after food preparation. Also, 230 respondents (18%)
do not wash their hands after cooking. Of all respondents, 830 (65%) indicated
being aware of cross-contamination danger.

Iv. About half of the survey respondents, 690 subjects (54%), indicated knowing the
optimal storage range for perishable foods in the refrigerator. However, 1137 re-
spondents (89%) answered that they read the “use by” date on the food labels and
respect it.

V. Less than half of the participants, 575 medical students (45% of the total number of
respondents), stated that they know the maximum time to keep thermally prepared
food out of the refrigerator at room temperature to avoid contamination. Out of
the total number of respondents, only 192 subjects (15%) respect the optimal time
(2 h) of keeping thermally prepared food outside the refrigerator; the remaining
respondents—1085 (85%)—do not respect the optimal time and eat the food even
after it has been left for longer at room temperature (more than 2 h). In terms of
food storage and the benefits of storing food in a refrigerator, 856 students (67%)
answered correctly and knew that pathogens are not inactivated/eliminated by
storing food in the refrigerator and that this can encourage stagnation or their
multiplication in food. A total of 677 respondents (53%) answered that they read
the information on food packaging about storage conditions to properly manage
food and refrigeration.

VL Of the total number of respondents, 55% of them (702 students) seemed to be aware
of all prevention methods of food contamination. However, only 792 students
(62%) remove their accessories (rings and bracelets) before food preparation begins.
Thus, a significant number of respondents, 472 (37%), are exposed to the risk of
food contamination through accessories worn during the cooking process. Jewelry
hides dirt and bacteria, and can represent a risk of physical and chemical hazards.
For this reason, food handlers should not wear rings, earrings, or watches [50].

Good practice in terms of food safety is important, as is recognizing the significance of
knowledge and attitudes related to food safety [51].The assessment of food hygiene knowl-
edge and practices is most often carried out among food industry personnel, including
those working in restaurants, in order to prevent and control the occurrence of foodborne
diseases among consumers [26-29,52,53]. Food business operators are responsible for
ensuring that food complies with the relevant microbiological criteria set by legislation [54].
During all stages of production, processing, storage, and distribution of food, food business
operators must take measures in accordance with the HACCP (Hazard Analysis and Criti-
cal Control Point) principles and maintain good hygiene practices. They must therefore
ensure that the delivery, handling, and processing of raw materials and food are carried
out in such a way that the hygiene criteria of the process are met [54].

However, in our country, the highest occurrence of foodborne outbreaks is caused by
food prepared at home, not food prepared in restaurants, and the most frequent foodborne
outbreaks are represented by family outbreaks [55,56]. Contributing factors are food prepa-
ration practices, behaviors, and environmental conditions that lead to pathogens getting
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into food, growing in food, or surviving in food. Also, conservation and cooking methods,
as well as food physico-chemical properties, are important parameters for determining the
safety of food products [57,58].
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Figure 6. Correlation between level of knowledge and level of good food safety practices among the
medical students participating in the study.

Our study has certain limitations related to the selection of the study group, which was
voluntary rather than randomized recruitment, and the fact that there is a net predominance
of female subjects, because in our university women predominate over men. In addition,
our university Hygiene curriculum includes only a 2 h course on food safety, and some
aspects of food microbiological contamination are presented in only four practical works,
which differ from the curricula of other Romanian medical universities. For these reasons,
we cannot extend the results to the national level. To better understand the relationship
between knowledge and practices, it was also useful to investigate attitudes towards food
safety. To achieve a better response rate among the study group, we chose to assess only
food safety knowledge and practices, leaving the way open for future research to clarify
these aspects. It is also crucial to reassess knowledge and practices related to microbiological
contamination of food and preventive measures after graduating from medical school.
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5. Conclusions

A good level of food safety knowledge within the university stages of medical students
is a necessity in all kinds of medical specialties in order to transfer proper knowledge
to patients.

Medical students are a unique and very important audience for education on food
safety and, subsequently, for the prevention of foodborne diseases, in terms of both patient
education and the protection of human health.

Even though the respondents’ knowledge on food safety was rather limited (a low
level of knowledge), students reported high level of food safety practice.

In addition, we consider this study a good starting point for future change to im-
prove the food safety topics covered by the university curricula in order to achieve better
knowledge and attitudes about food safety.

The results highlighted the practical need to allocate more hours to food safety educa-
tion and training in medical students’ courses, as well as the need to raise awareness of the
importance of food safety in their future profession.
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