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Abstract. This study investigates college students’ current food safety knowledge and food-handling perceptions
and utilized an online survey which designed based on previous studies as method. The questionnaire measured
respondents’ food safety knowledge and perception, and were divided into knowledge, attitudes and perception
categories. The results show that college students significantly lacked in basic food safety knowledge as well as food
handling skills and implies a high need to develop enhanced food safety resources for college students, especially
on topics related to cross-contamination prevention, correct food preparation procedures, time and temperature
control, and awareness of pathogens that cause foodborne illness.

INTRODUCTION

Foodborne diseases are a major global public health concern
that cause 1 in 10 people to fall ill annually (World Health
Organization [WHO],2015b). Accordingto the statistics from
the WHO, in the region of the Americas, more than 9,000 of
77 million patients who suffer from foodborne illnesses die
every year (WHO, 2015a). According to the annual report
of the Centers for Disease Control and Prevention (CDC),
in 2017, 841 foodborne outbreaks were reported, including
14,481 illnesses, 827 hospitalizations, and 20 deaths. Among
these cases, about 10% (n = 74) of the outbreaks and 8% (n =
989) of the illnesses were caused by foods prepared in private
homes (CDC, 2017). Foodborne illness is caused by the con-
sumption of food or beverages that are contaminated with
bacteria and/or their toxins, parasites, viruses, chemicals, or
other agents (U.S. Food and Drug Administration [FDA],
2011). In a globalized world, the potential for foodborne dis-
eases to spread across countries is enormous (Bosch et al,,
2018), leading to an increased global public health threat and
concern (Luo et al., 2019; Odeyemi et al., 2019; Stratev et
al,, 2017). According to the CDC (2011), 48 million people
experience foodborne illness, 120,000 are hospitalized, and
3,000 die of foodborne diseases annually. Previous literature
has shown that more than 200 known diseases can be trans-
mitted through food, and although governments around the
globe attempt to improve food safety, outbreaks and recalls
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continue to happen in developed and developing nations
(WHO, 2006). With the implementation of the Food Safety
Modernization Act (FSMA) in 2011, the approach toward
food safety has become proactive rather than reactive (FDA,
2011). FSMA has allowed governments to reduce the risk of
food contamination enroute from farm to sale.

Previous studies have reported high risks of foodborne
illness from food prepared in domestic kitchens (Byrd-Bred-
benner, Maurer, Wheatley, Cottone, & Clancy, 2007; Chuang
et al,, 2021; Evans & Redmond, 2019). Hassan and Dimassi
(2014) reported that students in health-related majors had
significantly more knowledge regarding food safety than
those who were not due to courses in food safety, hygiene,
and microbiology. Similarly, another study that assessed stu-
dents at four Japanese universities indicated that students
who completed more food-relevant classes, acquired more
food-safety knowledge, and/or majored in food- or nutri-
tion-related fields performed more risk-averse behaviors
(Takeda et al., 2011).

Previous programs have designed and disseminated
public health and consumer food-safety messages (Partner-
ship for Food Safety Education, n.d.); however, even when
educational material containing food safety messages has
been provided to consumers and enhanced their knowledge,
it has not often translated to improved behaviors (Doyle et
al., 2015). The domestic environment is a multifunctional
space, which directly influences the need for food-safety
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improvement (Azevedo et al., 2014), as poor food-handling
practices and lack of hygiene are some of the main causes
of foodborne-illness outbreaks (Woh et al., 2016). Patho-
gens are introduced to the domestic kitchen during food
preparation and can be controlled or eliminated by safe
food-handling practices and proper sanitation (Borrusso &
Quinlan, 2013). Foodborne pathogens in the domestic envi-
ronment have been well documented, including Staphylococ-
cus aureus, Escherichia coli, Campylobacter jejuni, Salmonella
spp., and Listeria monocytogenes. The ability of foodborne
pathogens to survive on food contact surfaces indicates the
importance of consumer behavior when it comes to food-
borne-illness prevention (Borrusso & Quinlan, 2013). More-
over, inappropriate food-handling practices can increase
individuals’ risk for foodborne illnesses and be particularly
dangerous for immunocompromised populations (Yeung et
al., 2019). According to research conducted by Byrd-Bred-
benner et al. (2013), many consumers, including those in
high-risk groups, do not take adequate precautions or fol-
low all recommended appropriate food-safety practices—
which are vital to prevent foodborne illness—because they
do not see themselves as susceptible. The number of home
economics and cooking classes has significantly decreased
in public schools, meaning that many students do not have
food-safety certification, have never prepared or served
food, and have not taken a college course that addresses
food safety (Courtney et al., 2016). Based on a study of col-
lege students’ food-safety knowledge and perceptions, more
than half of students had not had any food-safety training
(Chuang et al., 2021). Although college students are not a
high-risk group for foodborne illnesses, they lack knowledge
about proper food-safety practices (Fein et al., 2011; Ferk et
al., 2016; Green & Knechtges, 2015; Hassan & Dimassi, 2014;
Xiong, 2017). Previous studies have also found that college
students are at increased risk of getting foodborne illness due
to their unsafe food-handling behaviors (Booth et al., 2013;
Byrd-Bredbenner, Maurer, Wheatley, Cottone, & Clancy,
2007; Chuang et al., 2021; Green & Knechtges, 2015). Luo
et al’s (2019) study demonstrated that students in nursing,
education, and medical colleges had insufficient knowledge
and demonstrated improper food-safety practices (Luo et al.,
2019). According to Doyle et al. (2015), despite all the efforts
the food industry and the government have made, such fac-
tors as pathogen evolution, immunocompromised popula-
tions, and consumers’ lack of knowledge regarding elements
contributing to unsafe food in the home could counteract
these efforts and cause increased foodborne illnesses. Hence,
the objective of this study was to identify food-safety knowl-
edge and perception (self-reported practice) gaps in students
attending an urban university. The findings could help create
specific educational resources for college students and assist
in reducing food-safety risks associated with poor domestic
food-handling practices.
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MATERIALS AND METHODS

QUESTIONNAIRE DEVELOPMENT

The methods for this study were designed based on Lazou
et al’s (2012) research, in which a questionnaire-based sur-
vey was designed to evaluate the food-safety knowledge and
handling practices of Greek university students. This survey
included questions selected from an updated, reliable, and
valid instrument created by Byrd-Bredbenner et al. (2007) to
assess food-safety knowledge and practices. Some modifica-
tions were made according to Sharif and Al-Malki’s (2010)
and Lim et al’s (2016) research to better fulfill the purpose of
this study. Sharif and Al-Malki (2010) divided their survey
questions into categories of knowledge, attitudes, and prac-
tices; Lim et al. (2016) constructed their questionnaire with
four parts, including food-safety knowledge, attitude, and
behaviors; and our study measured knowledge and practices
through survey questions. Because the study was self-re-
ported, food-safety practices were substituted with partici-
pants’ perceptions of their practices, as most answers were
related to how the respondents viewed their behaviors. The
questionnaire for this study was administered as an online
survey on a self-reported basis, and participants took part in
the study on their own accord. The survey measured the five
key behavioral constructs for food-safety education as per
a previous study (Medeiros et al., 2001): Practice personal
hygiene, cook food adequately, avoid cross-contamination,
keep food at safe temperatures, and avoid food from unsafe
sources.

After we obtained approvals from the Institutional
Review Board, a self-reported questionnaire-based survey
was disseminated through Qualtrics to college students in
the Houston, Texas, area. The questionnaire was designed
in English, and participation in the study was anonymous
and voluntary. Survey questions are included in the sup-
plementary section. The survey was composed of a total of
49 multiple-choice questions: 9 questions were about par-
ticipants’ demographics, including age, gender, race, and
ethnicity; 20 questions focused on participants’ basic food-
safety knowledge related to domestic cooking (e.g., “All
foods are considered safe when cooked to an internal tem-
perature of:”; “Staphylococcus bacteria that cause food poi-
soning are most likely associated with which food?”); and 20
questions focused on perceptions of food-safety practices,
including respondents’ food-handling behaviors and fre-
quencies of behaviors (e.g., “Which procedure for cleaning
kitchen counters is most likely to prevent food poisoning?”;
“In case your electricity went off and the meat, chicken, and/
or seafood in your freezer thawed and felt warm, what do
you do?”). The questions were divided into five subcatego-
ries corresponding to the five key behavioral constructs for
statistical analysis: Practice personal hygiene, cook food ade-
quately, prevent cross-contamination, keep food at safe tem-
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peratures, and avoid food from unsafe sources. Each correct
answer was assigned 1 point, and each incorrect answer was
assigned 0 points.

DATA COLLECTION

The survey was disseminated through Qualtrics, and 116
responses were collected. Participants were prescreened to
ensure that they (a) had access to domestic kitchens and (b)
cooked in domestic kitchens.

DATA ANALYSIS

The data were coded and entered into SPSS version 22 for
data analysis. First, a sum score for general food-safety
knowledge and food-handling perceptions was generated.
With those scores, a paired f test was conducted to determine
whether their differences were significant. Then, 10 numer-
ical variables were defined as a sum of correct answers for
knowledge and perception of each subcategory. Finally, inde-
pendent sample ¢ tests were conducted to compare the mean
of subcategories. A significance level of 0.05 was used for all
statistical comparisons.

RESULTS

DEMOGRAPHICS

A total of 116 college students participated in the online sur-
vey administered through Qualtrics. Information about the
sample’s demographics can be found in Table 1. The subjects
included 75 female and 41 male participants. Participants’
ages ranged from 18 to 57, with a mean of 24.8. More than
60% of respondents were ages 21-26. Participants’ race/
ethnicity was predominantly Asian (42%), White (28%),
and Hispanic (22%). When asked about their cooking hab-
its, 39 participants (34%) reported cooking more than two
times per week, 38 (33%) reported cooking one to two times
per week, 26 (22%) reported cooking daily, and 13 (11%)
reported cooking one to three times per month. When ques-
tioned about previously experiencing food poisoning, 42%
of participants had no experience, 33% had prior experience,
and 25% were unsure whether they had experienced food-
borne-illness symptoms in the past. Regarding food-safety
information, 39% of participants reported acquiring infor-
mation from friends or family, 34% from other sources, 13%
from social media, 10% from TV shows or magazines, and
4% from primary care doctors.

KNOWLEDGE AND PERCEPTION SCORES

Information about the sample’s food-safety knowledge and
food-handling perception scores can be found in Table 2. The
average sum score for knowledge was 5.22 out of 20, and the
average sum score for practices was 5.57 out of 20. Correct
rates for knowledge and perception were less than 28%—a
great gap. The measurement of food-safety knowledge and
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Table 1. Demographic Characteristics of the Study Sample

Demographic
. Frequency Percentage
variables
Male 41 35%
Gender
Female 75 65%
18-20 12 10%
Age group 21-26 78 67%
27-57 26 23%
White 32 28%
Black or African
. 3 3%
American
American Indian or
. 3 3%
Alaska Native
Race/Ethnicity ;
Asian 49 42%
Native Hawaiian or
, 1 1%
Pacific Islander
Hispanic 26 22%
Other 1 1%
Every day 26 22%
More than two
. 39 34%
) ~ times per week
Cooking habit
1-2 times per week 38 33%
One to three times
13 11%
per month
Family or friends 45 39%
Primary care doctor 5 4%
Food safety . .
) ) Social media 15 13%
information
TV show or
source 12 10%
magazine
Other 39 34%
p Yes 38 33%
Food-poisonin
,p g Maybe 29 25%
experience
No 49 42%

food-handling perception was broken into five subcatego-
ries: Practice personal hygiene, cook food adequately, pre-
vent cross-contamination, keep food at safe temperatures,
and avoid food from unsafe sources. In this study, p < 0.05
was considered significant, and p > 0.05 was considered not
significant.

For “practice personal hygiene” knowledge, the mean
score was 1.37 out of 4, with a correct response rate of 34%,
a standard deviation of 1.02, and p > 0.05. For “practice per-
sonal hygiene” perception, the mean score was 1.47 out of 4,
with a correct response rate of 37% and a standard deviation
of 0.98.

For “cook food adequately” knowledge, the mean score
was 1.05 out of 4, with a correct response rate of 26%, a stan-
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dard deviation of 0.96, and p < 0.05. For “cook food ade-
quately” perception, the mean score was 0.57 out of 4, with a
correct response rate of 14% and a standard deviation of 0.76.

For “prevent cross-contamination” knowledge, the
mean score was 0.79 out of 4, with a correct response rate of
20%, a standard deviation of 0.94, and p < 0.05. For “prevent
cross-contamination” perception, the mean score was 1.06
out of 4, with a correct response rate of 27% and a standard
deviation of 0.91.

For “keep food at safe temperatures” knowledge, the
mean score was 0.99 out of 4, with a correct response rate
of 25%, a standard deviation of 1.00, and p < 0.05. For “keep
food at safe temperatures” perception, the mean score was
1.38 out of 4, with a correct response rate of 35% and a stan-
dard deviation of 1.23.

For “avoid food from unsafe sources” knowledge, the
mean score was 1.24 out of 4, with a correct response rate of
31%, a standard deviation of 1.08, and p < 0.05. For “avoid
food from unsafe sources” perception, the mean score was
1.01 out of 4, with a correct response rate of 25% and a stan-
dard deviation of 1.00.

COMPARISONS BETWEEN KNOWLEDGE AND PERCEPTION

A t test was conducted to determine the significance between
knowledge and perception scores, and independent sample
t tests were conducted to compare the mean of each subcat-
egory within knowledge and perception. The comparisons
between knowledge and perception scores can be found
in Table 3. According to the results, the overall food-safety
knowledge and perception levels were not significantly dif-
ferent. The knowledge and perception levels for the “prac-
tice personal hygiene” subcategory was also not significantly
different. On the other hand, the knowledge and perception
levels for “cook food adequately” were significantly different
(p < 0.05), as the knowledge mean score was 0.48 higher than
the perception score. The knowledge and perception levels
for “prevent cross-contamination” were also significantly
different (p < 0.05), with a perception mean score that was
0.26 higher than the knowledge mean score. Additionally,
the knowledge and perception levels for “keep food at safe
temperatures” also diverged significantly (p < 0.05), as the
mean score for knowledge was 0.39 less than the mean score
for perception. The knowledge and perception levels for
“avoid food from unsafe sources” were significantly different
(p < 0.05), with the perception mean score 0.23 less than the
mean score for knowledge.

DISCUSSION

Food safety is a part of every individual’s day-to-day life,
regardless of their age. However, in a domestic setting, the
levels of proper food handling and hygiene practices vary
by age, and young adults, such as college students, are more
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Table 2. Mean Score of Each Category

Cat M Standard
ategor ean
gory deviation
Knowledge sum result 5.22 3.55
“Practice personal hygiene” knowledge 1.37 1.02
“Cook food adequately” knowledge 1.05 0.96
“Prevent cross-contamination”
0.79 0.94
knowledge
“Keep food at safe temperatures”
0.99 1.00
knowledge
“Avoid food from unsafe sources”
1.24 1.08
knowledge
Self-reported practice/perception sum
poriec practicerpereep 5.57 3.80
result
“Practice personal hygiene” practice 1.47 0.98
“Cook food adequately” practice 0.57 0.76
“Prevent cross-contamination” practice 1.06 0.91
“Keep food at safe temperatures”
, 1.38 1.23
practice
“Avoid food from unsafe sources”
1.01 1.00

practice

likely to mishandle foods when compared to other groups
(Courtney et al., 2016). The results of this study showed low
levels in food-safety knowledge and food-handling percep-
tion for college students cooking in domestic kitchens. This
study supports the findings of other studies that have also
reported consumers having limited food-safety knowledge
and inadequate compliance with safe food-handling practice
perceptions, such as failure to follow proper food-preparation
procedures and use thermometers (Abbot et al., 2009; Booth
et al,, 2013; Byrd-Bredbenner et al., 2013; Courtney et al.,
2016; Lange et al., 2016). Previous studies have also indicated
that students are at higher risk of getting foodborne illness
and lack sufficient food-safety-specific education (Gkana &
Nychas, 2018; Lange et al., 2016). The participants in the cur-
rent study scored, on average, 26% and 28% of the maximum
scores for food-safety knowledge and food-safety percep-
tion, respectively. Although Lazou et al’s (2012) study also
showed low results, with correct scores of 37% for food-safety
knowledge and 38% for food-safety practice, the results were
higher compared to the current study. Other similar studies
also had higher results when compared to the current study:
McArthur and Holbert’s (2007) study had a mean of 39% and
Green and Knechtges’s (2015) study had a mean of 43% cor-
rect responses for food-safety knowledge; Byrd-Bredbenner
et al’s (2007) had means of 50% and 60%, respectively, for
best practices and food-safety knowledge measures. Lim et
al’s (2016) study showed a mean of about 50% for partici-
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Table 3. Comparisons Between Knowledge and Practice

Comparison .Mean SD Sig.
difference

Knowledge sum score Self-reported practice/perception sum score -0.35 231 0.109
“Practice personal hygiene” knowledge “Practice personal hygiene” practice -0.10 0.09 0.250
“Cook food adequately”knowledge “Cook food adequately” practice 0.48 0.09 *0.000
“Prevent cross-contamination” knowledge “Prevent cross-contamination” practice -0.26 0.08 *0.001
“Keep food at safe temperatures” knowledge “Keep food at safe temperatures” practice -0.39 0.10 *0.000
“Avoid food from unsafe sources” knowledge “Avoid food from unsafe sources” practice 0.23 0.09 *0.013

Note. * refers to significant differences between knowledge and practice scores.

pants’ food-safety knowledge and about 65% for food-safety
behaviors and practices. Courtney et al’s (2016) study had
a mean of 56% correct answers for food-safety knowledge,
and Hassan & Dimassi’s (2014) study had means of 53.6%
and 44.7%, respectively, for food-safety knowledge and food-
safety practices. Sharif and Al-Malki’s (2010) research results
were significantly higher when compared to our and these
similar studies, with an 80.29% mean for food-safety prac-
tices and 74.95% mean for food-safety knowledge. Despite
these studies having higher percentages of correct responses,
all of them reported a lack of food-safety knowledge and
suggested room for improvement. Our study showed a lower
number of correct responses for food-safety knowledge and
food-handling perception when compared to other studies.
Participants had various sources from which they
obtained food-safety information: 13% obtained their food-
safety information from social media, 10% from TV shows or
magazines, and 34% from other sources. A study by Geppert
et al. (2019) assessed food-safety practices in German TV
cooking shows to identify differences between professional
and amateur chefs. Their findings showed that amateur chefs
tended to make more mistakes regarding personal hygiene,
but there was no significant difference in the frequency of
food safety-related mistakes made by professional or amateur
chefs. Despite these shows being broadcast to a large audi-
ence, not too much attention was focused on safe food-han-
dling practices. A study by Morrison and Young (2019)
evaluated food-safety messages in recipe blogs and found
few to no recommendations regarding cross-contamination
prevention, handwashing before food preparation or after
handling raw meat, and food contact-surface and equipment
sanitation. These recommendations are critical to prevent
foodborne illnesses, even though they may seem too obvious
to be included with recipes (Morrison & Young, 2019). Mur-
ray et al’s (2017) study showed that most respondents (87%)
followed cooking instructions from food labels. These results
suggest that adding instructions to television cooking shows,
recipe blogs, or other social media platforms could help pro-
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mote food safety to the general public. People’s low aware-
ness of food-safety knowledge and perception contributes to
a higher susceptibility to food poisoning. The findings from
our study demonstrated that a significant number of respon-
dents did not have enough information to identify foodborne
illness, which could contribute to their perception of behav-
iors that increase food-safety risks. Rodriguez-Lazaro and
Hernandez (2018) stated that foodborne diseases pose sig-
nificant threats to public health because of not only the huge
number of cases but also the economic cost associated with
the treatments, hospitalizations, and time away from work.
Their study also showed clear evidence that the existing data
on the prevalence of foodborne pathogens may be underes-
timated, mostly due to the difficulties in gathering precise
data on the incidence of outbreaks, let alone the constant
occurrence of isolated cases. The incidence of enteric viruses
associated with food consumption has increased in recent
years, and the data in their research showed that parasitic
diseases were relatively neglected. Their research also indi-
cated that even though foodborne pathogens were largely
unknown, a considerable variety of viruses and parasites can
spread in the environment and infect people through food
and water. According to Ergoniil (2013), education regarding
safe food-handling practices in the domestic environment is
essential to proactively prevent foodborne illnesses. More-
over, the diagnosis of a foodborne illness case in one individ-
ual could be the key for physicians to detect or even prevent
a foodborne outbreak (Dichtl et al., 2020), so it is vital for
people to obtain knowledge related to food safety. Hence, a
food-safety training program should include foodborne ill-
ness symptom awareness to encourage participants to report
foodborne illnesses as soon as possible.

Lazou et al’s (2012) study showed the food microbiol-
ogy/cross-contamination knowledge subsection receiving
the lowest proportion of correct responses in the survey.
Another study reported that respondents were not aware
of the risks of cross-contamination and showed inadequate
handling practices to avoid it (Lange et al., 2016). Lack of
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knowledge about foodborne pathogens may be the main rea-
son why many consumers do not recognize foodborne-ill-
ness symptoms. Likewise, in the current study, “personal
hygiene” ranked high in terms of food-safety handling per-
ceptions, while the “cook food adequately” category ranked
last. In Abbot et al’s (2009) domestic-kitchen food-safety
practices study, 97% of participants did not use a thermom-
eter to determine whether a protein was cooked to a safe
temperature. According to Byrd-Bredbenner et al. (2013),
many consumers do not use a food thermometer due to its
inconvenience and the fact that they need to remember dif-
ferent temperature recommendations for different proteins.
Their research also stated that the lack of usage of thermom-
eters and color recommendations in some cooking television
shows may lead consumers to believe that a thermometer is
not essential in the cooking process and that using it is a sign
of being an inexperienced cook. Booth et al’s (2013) research
suggested that young adults consume raw or undercooked
foods of animal origin; based on the results of Courtney et
al’s (2016) study, although the university students who were
handling food for the public did provide comparatively more
correct responses than non-food handlers, they were no
more knowledgeable about safety items, including correct
handwashing and thermometer use, meaning that they may
still pose food-safety risks. Therefore, a food-safety training
program for college students should include basic knowl-
edge about foodborne pathogens, their risks, and adequate
cooking temperatures and practices. Our results showed a
significant difference between the knowledge and percep-
tion scores for the “cook food adequately” subcategory, as
participants scored higher in the knowledge category. This
finding suggests that despite respondents’ having knowledge
about the potential consequences of not cooking foods to a
certain temperature, they were not able to perform the cor-
rect behaviors to avoid these potential consequences. Even
when consumers possess information related to food safety
and improved hygiene, knowledge often does not translate
into noticeable changes in real-life practices (Doyle et al.,
2015). However, even though knowledge does not necessar-
ily translate into safe food-handling behaviors, a recent study
demonstrated that consumers with higher levels of food-
safety knowledge showed more concerns about food safety
and quality when purchasing food and were more likely to
perform safe food-handling practices at home (Mihalache et
al., 2021). On the other hand, in our study, for the “prevent-
ing cross-contamination” and “keeping food at safe tempera-
tures” subcategories, participants scored significantly better
in the perception category than in the knowledge category.
More information regarding cross-contamination and food
time and temperature control should be disseminated to this
group through food-safety training. The data generated from
this study have revealed a high need for food-safety educa-
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tional materials for consumers, including college students,
with topics related to all food-safety aspects.

CONCLUSIONS

Our findings show the high need for food-safety education
resources for college students. This study identified specific
gaps in preventing cross-contamination, cooking food ade-
quately, keeping food at safe temperatures, practicing per-
sonal hygiene, and avoiding food from unsafe sources for
food-handling perception and food-safety knowledge. This
study was useful in providing basic insights regarding college
students—whose behaviors are critical to protecting public
health in the future—with regard to their food-safety knowl-
edge and practices and how these can be improved by filling
the aforementioned gaps. The data from this study could be
used to design a tailored training program for college stu-
dents that could bridge those gaps and improve food safety
for at-risk groups. However, this study was not without lim-
itations. One was that the sample was gathered online, and
Internet access may have been a problem for some people. In
addition, respondents could have developed question fatigue
during the survey; to address this possibility, only complete
surveys were included in the study, and partially completed
surveys were discarded. In addition, the respondent popula-
tion was restricted to the Houston, Texas, area. Future studies
could revise the methodology to gather a broader sample.
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