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ABSTRACT

OF THE THESIS OF
Fadel Abbas Atwi for Master of Science
Major: Food Safety

Title: Consumers’ Knowledge, Attitudes, and Practices towards Fresh Produce Safety in
Lebanon

Within Lebanese cuisine, the incorporation of raw food, including fresh fruits and
vegetables, is considered integral. However, raw fresh produce poses a public health
concern, especially in a country such as Lebanon, which has been influenced by
financial, medical, and pollution crises. Therefore, this study represents an attempt to
evaluate the knowledge, attitudes, and practices (KAPS) of the Lebanese population
towards fresh produce safety and its associated risks, as well as to determine the socio-
demographic factors associated with the corresponding KAP parameters. The study was
conducted via an online survey that targeted consumers (n=577) aged at least 18 years
residing in Lebanon and collected information on socio-demographic characteristics,
knowledge, attitudes, and practices toward fresh produce safety and risks. The results
showed an appropriate level of knowledge (51.8%), positive attitudes (93.1%), and
good practices (75.2%). However, the study revealed some gaps in the knowledge and
practices when handling fresh produce at several stages. The multiple logistic regression
model reflected that female or those who got their food safety information from the
university had a significantly better knowledge level compared to their counterparts
(males or those getting food safety information from social media resources,
respectively). Similarly, there was a positive significant association between the
university as a source of information and having a positive attitude. On the other hand,
participants with no source of food safety information, who had higher monthly income,
or who completed primary education had bad practices dealing with fresh produce.
Finally, the findings highlighted a significant association between the attitudes and
practices level only (OR=3.013, p < 0.05), suggesting that risk perception is a key in
determining good practices. However, no significant association was shown between
the knowledge and practices level, thereby indicating that good knowledge doesn’t
always reflect good food safety practices. In conclusion, public and private sectors need
to join efforts to tailor effective educational programs in order to curb the threatening
consequences of foodborne illnesses associated with fresh produce consumption in
Lebanon.
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CHAPTER |

INTRODUCTION

This chapter will introduce the research topic. After that, the research problem
will be emphasized to conclude with the research objectives and the significance of the

study.

A. Background of the Study

Food safety is considered a principal public health concern worldwide and a
basic human right (Kamleh et al., 2012). According to the World Health Organization
(WHO), foodborne diseases are estimated to cause 600 million illnesses each year, of
which 420,000 cases die. Alarmingly, almost one third (125,000) of all the deaths are
children under the age of 5 years as they are the most vulnerable population to such
illnesses along with pregnant women, elderly, and immunocompromised individuals.
More than half of the global burden of foodborne diseases can be attributed to diarrheal
diseases which can be elicited by ingesting raw or undercooked meat, eggs, dairy
products, and fresh produce (WHO, 2015). Here, we will address the latter food
commodity as our main focus point.

According to WHO/FAO (2008), concerns related to fresh produce
microbiological quality and its associated public health and trade implications have
been reported in a number of countries worldwide. Consequently, from a global
perspective, leafy vegetables were classified as level one priority in terms of
microbiological hazards as they have been associated with multiple outbreaks with high

numbers of illnesses in at least three regions of the world: the United States of America



(USA), Asia, and Europe. Alarmingly, foodborne outbreaks associated with fresh
produce have increased as depicted by data from the past three decades. According to
the Centre for Science in the Public Interest (CSPI)’s database, 21% of the foodborne
illness outbreaks in the US (total= 5,000) were traced back to fresh fruits and vegetables
between 1990 and 2004 (Faour-Klingbeil, 2016). The percentage of fresh produce-
associated outbreaks in the US has increased by 3-fold (60%) between 2000 and 2018,
as reported by the U.S. Centers for Disease Control and Prevention (CDC), National
Outbreak Reporting System (NORS) (Yu et al., 2022).

Lebanon is a Middle Eastern country in which the food industry makes up most
of its factories (18.2%), involves 25% of the total labor force, and generates the number
one of Lebanon’s exports (1.7 billion $ industry). Despite the importance of the food
sector in Lebanon, food safety has been encountering myriad challenges and issues (EI-
Jardali et al., 2014). These issues can be explained by the fact that Lebanon is currently
experiencing nationwide pollution, possessing weakened infrastructure, let alone
political and civil unrest (El-Jardali et al., 2014; Hassan et al., 2020).

Given this state of food safety in Lebanon, the fresh produce industry is
supposedly predisposed to challenges in its food safety system. Data on the
contamination of fresh produce in Lebanon are scant and don’t provide a holistic
overview of the state of fresh produce safety, but available studies and evidence show
that it is a worrisome topic. In fact, two studies from the American University of Beirut
(AUB) highlighted the emergence of colistin resistance through the detection of mcr-1-
positive E. coli in pre-harvest and wholesale fresh produce (EL-KHECHEN, 2022;
ZEIDAN, 2020), mainly due to the contamination of Lebanon’s irrigation water

(Dagher et al., 2021; Hmede et al., 2019; Nasser et al., 2021). Other studies from



Lebanon emphasized the chemical contamination of fresh produce with pesticides (El

Hawari et al., 2019; Khazaal et al., 2022; Nasreddine et al., 2016).

B. Research Objectives

Given that fruits and vegetables are highly consumed in Lebanon, it is of
paramount importance to target the consumers as they play a critical role in controlling
the risk of foodborne diseases. This will be the first of its kind study that will aim to:

e Investigate the knowledge, attitudes, and practices of the Lebanese population
toward the safety of fresh produce and its associated risks.

o Identify factors such as demographic characteristics associated with fresh
produce safety.

o Identify areas of improvement, raise awareness, and provide recommendations
that could be beneficial to alleviate the burden of fresh produce-associated

illnesses.

C. Significance of the Study

In light with the current food safety status in Lebanon, we expect certain gaps in
the knowledge, attitudes, and practices toward the safety of fresh produce in the
Lebanese population. Therefore, this study is of utmost significance because it will
identify those gaps, if any, and hence, design effective educational tools to raise
awareness on the importance of fresh produce safety and its associated risks. This study
is also important because it will be the first study in Lebanon to provide baseline
information on consumers’ KAP parameters, paving the way for other research studies

in the realm of fresh produce safety.



CHAPTER I

LITERATURE REVIEW

In this chapter, we will discuss “fresh produce” as a food commodity in terms of
nutrition and consumption alongside its associated health hazards and routs of
contamination. Finally, KAP studies on fresh produce found in the literature will be

presented.

A. Fresh Produce: Nutritional Value, Production and Consumption

Fresh fruits and vegetables are considered an essential portion of a healthy diet,
providing valuable nutrients that can aid in the prevention of obesity, cardiovascular
diseases, cancer, diabetes, and many other non-communicable diseases. As per the
recommendations of the WHO, an adult should eat at least 400 g, or five portions, of
fruits and vegetables every day to alleviate the risk of chronic illnesses and ensure an
adequate daily intake of dietary fiber (WHO, 2020). According to the latter, on a global
level, 2.8% of deaths in the world are linked to insufficient produce consumption
(WHO).

Consequently, several countries (e.g., United States and United Kingdom)
promote fresh produce consumption through launching campaigns at a national level.
The latter activities combined with consumer needs culminate in an increasing demand
for fresh produce (Yu et al., 2022), and consequently, its production. For example,
based on Statista reports, veggies accounted for roughly 20% (504.01 million metric
tons) of the 2.5 billion metric tons of food people consumed in 2021. Interestingly, the

consumption is predicted to increase by 103 million metric tons by 2026 (Statista,
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2022). In fact, in order to cover this increase in demand, we observe a rising trend in the
global production volume of vegetables over the last two decades worldwide as it
increases from 682.43 million metric tons in 2000 to 1.15 billion metric tons in 2020
(Shahbandeh, 2022a). Data from 2017 shows that China has the highest vegetable
intake per capita in the world as a Chinese citizen eats an average of 1 kg of
veggies/day, exceeding the minimum amount of 250 g of veggies recommended by
WHO (Data, 2017; Pandrc, 2022), compared to 192 g of veggies/day for an average US
citizen in the same year (Shahbandeh, 2022b).

In Lebanon, a study analyzing the food consumption patterns of adults living in
its capital, Beirut, found that the mean intake of fresh fruits and vegetables was 367
g/day, very close to the minimum value recommended by the WHO (400 g/day)
(Nasreddine et al., 2006). Additionally, in 2008, Lebanon consumed roughly 1.5 million
metric tons of vegetables, hence, deemed as it consumes more fruits and vegetables than
any Arab or Western European country, on a per capita basis (FAO, 2009). The above
could be largely attributed to the availability of fresh fruits and vegetables in the
Lebanese market, their high level of production on the national level, in addition to
them being an essential ingredient in the Lebanese cuisine as they serve as major

constituents in traditional salads and cold appetizers (Nasreddine et al., 2006).

B. Fresh Produce-Associated Hazards

Throughout the farm-to-fork continuum, fresh produce might be subjected to
contamination with physical, chemical, and microbiological hazards coming from a

variety of sources, e.g., environmental, animal or human.
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The microbiological pathogens associated with fresh fruits and vegetables
include bacteria such as Salmonella spp., pathogenic strains of Escherichia coli (Shiga-
toxigenic Escherichia coli (including 0O157)), Shigella spp., Campylobacter, Listeria
monocytogenes, and Yersinia pseudotuberculosis, viruses such as norovirus, hepatitis A
virus, and parasites such as Cyclospora cayetanensis, Giardia lamblia, and
Cryptosporidium parvum (WHO/FAO, 2017). Such pathogenic microorganisms have
been associated with foodborne outbreaks traced back to fresh produce. However,
Salmonella enterica, E. coli, and norovirus are the major microorganisms implicated in
foodborne outbreaks related to fresh produce. In fact, a study that reviewed leafy
vegetable-associated outbreaks, reported to the Centers for Disease Control and
Prevention between 1973 and 2012 in the US, found that out of the 606 leafy vegetable-
associated outbreaks, 55%, 19%, and 11% were linked to norovirus, Shiga toxin-
producing Escherichia coli (STEC), and Salmonella, respectively (Herman et al., 2015).

The survival and persistence mechanisms of foodborne pathogens on fresh
produce, and their ability to cause an illness later on, is determined by the
characteristics of both the pathogen and produce involved.

For instance, a study found that there is no variability in the growth and
adherence to alfalfa sprouts among different serovars of Salmonella enterica. However,
growth and adherence of all S. enterica serovars were more prominent, compared to E.
coli O157:H7. Variability in attachment to sprouts for the latter species has been
observed as other E. coli serotypes, isolated from cabbage roots exposed to sewage
water following a spill, adhered to sprouts better than E. coli O157:H7. The reported
attachment pattern explains why E. coli O157:H7 was removed from alfalfa sprouts by

rinsing with repeated washing steps, while 1 to 2 log CFU of S. enterica remained
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attached per sprout (Barak et al., 2002). In fact, washing doesn’t guarantee the complete
elimination of pathogens on fresh produce, but rather decrease the contamination load,
and hence, the risk of foodborne illnesses. For example, a study concluded that neither
tap water nor available household sanitizers were efficient in the complete removal of
Salmonella on spinach leaves. The authors recommended joint proactive efforts from
every member in the produce chain to lessen the prevalence of foodborne pathogens
(Kilonzo-Nthenge & Liu, 2019).

Furthermore, it is now evident that fresh produce such as leafy greens may
internalize foodborne pathogens through their roots and cut surfaces. For instance, a
study confirmed the ability of lettuce and spinach to internalize Human Norovirus
(HuNoV), the leading cause of foodborne outbreaks causing gastrointestinal symptoms
(explosive vomiting and diarrhea), from contaminated water through the roots into the
edible leaves (Esseili et al., 2018). Another study reported the internalization
phenomenon as seed-inoculated L. monocytogenes cells, a major threat for pregnant
women, were observed in Romaine lettuce plant vasculature (Shenoy et al., 2017). As
washing removes only surface pathogens present on fresh produce, internalization
renders the washing step ineffective against internal pathogens. This exerts an added
risk to consumers; hence, good agricultural and hygienic practices must be adopted
along the whole fresh produce chain.

Additionally, the survival and attachment pattern of foodborne pathogens may
be influenced by fresh produce surfaces as those with more convoluted surfaces and
crevices are more likely to accumulate pathogens than plain-surface fresh produce, and
hence, reducing the effectiveness of disinfectants and sanitizers. Two studies from

Lebanon showed that lettuce carries more E. coli than parsley and this was attributed to
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the large surface folds of lettuce providing a protective shelter for microorganisms (EL-
KHECHEN, 2022; Halablab et al., 2011)

The likelihood of fresh-cut produce to inflict foodborne illnesses is higher than
that of whole fresh produce. This is evident from a study that reviewed produce-
associated outbreaks in the US between 1973 and 2012 and found that 73.3% of the
reviewed outbreaks were associated with fresh-cut produce (Herman et al., 2015). The
high risk of contracting an illness from fresh-cut produce can be explained by two
possible reasons. First, fresh-cut produce is considered a Ready-to-eat (RTE) food
commaodity, that is, consumed raw without any further steps to reduce or eliminate
pathogens. Conversely, whole fresh produce may be intended to be eaten in its raw
state, but in many instances, is further processed (e.g., cooking) before consumption.
Second, fresh-cut produce is a processed product. Processing procedures such as
cutting, peeling, and shredding may provide a favorable environment for pathogenic
microorganisms (i.e. additional nutrients) as they disrupt cell membranes and expose the
inner matrix of the tissues (Yu et al., 2022) This is alarming because attached
pathogenic microorganisms to cut surfaces of fresh produce are able to thrive and form
biofilms that can resist disinfection. In addition, organic matter and exudates of cut
tissues neutralize chlorine-based sanitizers, hence, reducing their effectiveness against
pathogens (Faour-Klingbeil, 2016).

Another type of hazard is the chemical contamination of fresh produce.
Chemical contaminants encountered in fresh produce include heavy metals (toxic
metals) and pesticides. The latter pollutants penetrate the fresh produce parts and cause
bioaccumulation, rendering washing and disinfecting procedures useless especially

when consumed fresh (Patifio et al., 2020).
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Toxic heavy metals such as cadmium (Cd), chromium (Cr), mercury (Hg), and
lead (Pb), are frequently found in fresh produce products, and their excess levels can be
responsible for cardiovascular, renal, nervous, and bone diseases as they demonstrated
carcinogenic, mutagenic, and teratogenic effects. As for their persistence pattern, it
depends on the heavy metal and the fresh produce involved. Usually, heavy metals do
not undergo chemical/microbial degradation, hence, they remain in the soil for a long
period of time (Patifio et al., 2020). Plant roots and leaves are the parts that accumulate
heavy metals the most as they are the closest to the soil (Sanata et al., 2022).

Pesticides are among the most frequent contaminants in fresh produce products.
Health risks include chronic diseases, such as cancer, congenital disabilities, and
damage to the nervous, endocrine, reproductive, and immune systems (Patifio et al.,
2020). The stability on fresh produce products depends on location of pesticide
accumulation, temperature, pH, exposure duration, and the nature of fresh produce
involved. Pesticides might persist from a few hours to several years in the soil (Sanata

etal., 2022).

C. Routes of Fresh Produce Contamination

Hazards can make their way to fresh produce via various routes throughout the
farm-to-fork chain (pre-harvest and post-harvest settings).

Regarding pre-harvest conditions, that is, primary production, animals,
environment, and humans can contribute to the deterioration of fresh produce safety.

Domestic animals and wildlife can contaminate fresh produce by direct or
indirect means. Direct contamination involves the intrusion of animals into the growing

crops field for grazing purposes whereas indirect contamination may occur from
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neighboring farms via faecal waste, water, aerosols, and dust, ending up in field soil and
agricultural water. Improperly treated or composted manure is a potential vehicle for
foodborne pathogens. Undoubtedly, manure is considered an excellent source of
nutrients to crops, however, bacterial foodborne pathogens are able to thrive for
extended periods of time in untreated soil amendments, potentially contaminating the
fresh produce (WHO/FAOQ, 2008). The above scenario of contamination via animal
and/or untreated animal products (manure) is further exacerbated by the fact that farms
often use critically important antibiotics in animal feeds. According to the Food and
Drug Administration (FDA), 70% of all medically important antibiotics in the United
States are sold for use in animals (Dall, 2016). This results in the dissemination of
antibiotic resistant foodborne pathogens into the fresh produce chain, rendering
consumers at risk of getting such hard-to-treat infections.

Irrigation water was identified as the riskiest vehicle for contaminating fresh
produce (WHO/FAO, 2008). The mentioned postulate becomes true when untreated
wastewater (sewage), harboring pathogens such as Norovirus, Hepatitis A or bacterial
pathogens, is used to irrigate field crops. Unfortunately, due to political, economic, and
climate change constraints, many developing countries are increasingly shifting toward
the use of such contaminated water for irrigation purposes (Faour-Klingbeil et al., 2016)

Soil can be a reservoir for heavy metals which can be introduced through
various sources, such as sewage water (used as irrigation water), untreated manure,
inorganic fertilizers, mining activities, and industrial wastes. Soil and irrigation water
can also introduce pesticide residues into fresh produce (Patifio et al., 2020).

Humans at the level of primary production (farmers) may also play a major role

in fresh produce contamination due to poor hygienic practices. In addition, the misuse
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of pesticides by farmers due to lack of knowledge and training is considered a risky
practice.

As for post-harvest settings, washing water quality, processing procedures and
equipment, temperature, and food handlers’ practices might pose a risk of fresh produce
and fresh-cut produce contamination when not effectively monitored (WHO/FAOQ,

2008).

D. KAP Studies on Fresh Produce

Given its classification as a “risky” food commodity (WHO/FAO, 2008), studies
have examined the knowledge, attitude, and practices of employees, handlers, and
consumers towards fresh produce safety throughout the whole food chain.

Yu et al. (2022) assessed the knowledge and handling practices of consumers
(n=937) in the United States towards fresh-cut produce and found that consumers had
poor risk perceptions, knowledge and practices related to aspects of fresh-cut produce
safety (storage, cleaning, time and temperature control). Results demonstrated that
women had higher levels of knowledge and practices than men when dealing with fresh-
cut produce. Furthermore, a significant association was observed between the
knowledge, risk perceptions, and practices among consumers. Hence, the authors
suggested the development of educational materials that enhance consumers’ risk
perceptions in order to better translate food safety knowledge into good practices. In
fact, a study that examined the effects of a Food and Drug Administration (USFDA)-
based educational program, implemented in 69 Texas counties (n=2651), showed
improvements in the knowledge and attitudes of consumers towards fresh produce

safety post program delivery. In addition, long-term improvements in the consumers’
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practices (behaviors) were observed after a 3-month follow-up, but this was not the case
for the overall food safety attitudes, potentially due to a ceiling effect. However, the
authors acknowledged the improvements in the behaviors after several months of the
program to reduce the risk of foodborne illnesses associated with fresh produce (Scott et
al., 2009).

Studies from Ghana have assessed the consumers’ or vendors’ safety
knowledge, attitude, and practices regarding fresh produce. One study looked into the
perceptions and knowledge of Ghanian consumers (n= 200) towards freshly consumed
leafy vegetables. Results revealed that the knowledge of consumers on leafy vegetables
is not excellent, but consumers had high attitudes level, perceiving leafy vegetables as
high-risk foods. Demographics such as education, marital status, household size, and
income level significantly affected the consumers’ knowledge level (Owusu-Sekyere &
Denkyira, 2014). In another study that targeted consumers’ perception (n=200) and its
effect on the vegetable purchasing decision in Ghana, the authors reported a high level
of awareness regarding the risks linked with leafy vegetables (chemicals and
contaminated water). Additionally, the consumers showed distrust in retailers due to the
mishandling of leafy vegetables at markets (Osei Mensah et al., 2014). Hence, Boakye
et al. (2023) assessed the knowledge, attitude, and practices of fruit and vegetable
vendors (n=113) in the Ho central market of Ghana. Authors found that vendors had
satisfactory knowledge and attitude levels. In contrast, practices were not favored
towards fresh produce safety. Therefore, though there was a significant correlation
between the three KAP levels, the effect of knowledge and attitude on practices was

weak, meaning good knowledge and attitudes are not properly translated into good
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practices. The authors attributed the latter to the lack of primary resources and
infrastructure responsible for maintaining food hygiene and safety.

Similarly, studies from China that observed consumers’ behaviors and attitudes
when purchasing fresh vegetables showed that “freshness”, “shelf life”, and “pesticide
residues” were perceived as the top concerns in vegetables safety (Cheng et al., 2016;
Liuetal., 2013)

Studies from the MENA region, specifically Lebanon, that targeted the
consumers’ knowledge, attitude, and practices associated with fresh produce safety are
very limited. As part of her PhD thesis, and in the context of vegetables preparation,
Faour-Klingbeil (2016) evaluated the knowledge, attitudes and practices of food
handlers (n= 80) affiliated with 50 food service establishments in Beirut accompanied
with visual assessment. The study revealed that participants displayed moderate food
safety knowledge (56.6 £+ 21.00) but had a positive attitude towards food safety.
However, the author reported unacceptable self-reported practices related to critical
temperature of foods and cross-contamination risks, posing serious hazards to the
consumers. The outcomes of this study highlighted the need to reinforce the knowledge
of food handlers by developing practical educational trainings followed by proper risk-
based follow-ups to make sure that safe handling practices are effectively taking place.
Furthermore, in order not to hinder the translation of knowledge into good practices, the
author recommended to invest in these micro-small enterprises in terms of allocating
resources (spaces and hand washing facilities) for maximum risk reduction in salad

vegetables.
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CHAPTER 111

METHODOLOGY

This chapter will be sectioned to present how the research was designed and
conducted. It will cover research design, study population, data collection method,

questionnaire, data entry and statistical analysis, confidentiality, and risks and benefits.

A. Research Design and Study Population

The present study aims to highlight a situation of a defined population at a
specific time; hence, a cross-sectional research approach was used. The study
population included participants who are Lebanese or residents of Lebanon aged at least
18 years, regardless of their area of residency, education / social level, gender, religion,
and ethnicity. Individuals under the age of 18 were neglected from our study.

A sample size of 577 participants was estimated based on the WHO sample size
calculator using the following parameters: i) confidence measure= 1.96 (the
recommended value for a 95% confidence level), ii) margin of error= 0.05, iii) baseline

levels of the indicators= 0.5 iv) and design effect= 1.5 (Cowan, 2007).

B. Data Collection

After obtaining ethical approval of the Institutional Review Board (IRB) at the
American University of Beirut (AUB), the defined population of 577 participants was
approached using the snow-ball sampling technique by the Collaborative Institutional
Training Initiative (CITI)-certified research personnel between October and December

2023.
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An online invitation link (APPENDICES | & I1), when approved by group
admins, was posted on different social media platforms, including WhatsApp groups,
Instagram stories, Facebook pages, and X where participants were invited to take part in
the study. Then, interested participants were directed to carefully read a downloadable
consent form (APPENDICES Il & V). After that, if they agreed to go further,
participants proceeded to fill out the corresponding designated questionnaire
(APPENDICES V & VI). Completing the survey took around 10 to 15 minutes. Finally,
participants were instructed to read a prepared leaflet (APPENDICES VII & VIII)
covering guidelines to practice fresh produce safety from purchase to service. In
addition, being Lebanon’s native language, the invitation script, the consent form, the
questionnaire, and the informational leaflet were translated into Arabic. Participants had

to freely choose their preferred language version.

C. Questionnaire

The questionnaire’s questions were adopted from previously published research
articles (Ballout et al., 2024; Kilonzo-Nthenge & Liu, 2019; Li-Cohen & Bruhn, 2002;
Scott et al., 2009). In particular, the survey was structured into four distinctive sections.
Section 1 included questions related to socio-demographic characteristics such as age,
gender, residency area, educational level, total amount of income, and the food safety
information source. Section 2 dealt with the knowledge of participants. Specifically, it
comprised 16 close-ended questions pertaining to general food safety knowledge and
the hazards associated with fresh produce (cross contamination, microorganisms,
temperature control, and pesticides). Section 3 aimed to evaluate the respondents’

attitudes (believes) toward the safety of fresh produce through 10 questions/statements.
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Finally, section 4 comprised 19 questions related to the consumers’ self-reported
practices and handling procedures of fresh produce from purchase to service. To
validate our questionnaire, it was pilot-tested on 10 participants who were not included

in our actual study. The questionnaire used is attached in APPENDICES V & V1.

D. Data Entry and Statistical Analysis

The survey was hosted on AUB LimeSurvey. Responses were carefully checked
to align with our inclusion criteria. Therefore, all individuals under the age of 18 were
removed from the responses. In addition, only complete responses, those who filled and
submitted the survey successfully, were included for data analysis. Out of the 907 total
participants reached, 577 complete responses were taken further for analysis, resulting
in an 63.6% complete responses rate.

Data were rigorously cleaned and coded on Microsoft Office Excel then
exported to the Statistical Package for the Social Sciences (SPSS) version 26.0 for
analysis. Descriptive statistics represented continuous variables as means and standard
deviations (SD) while categorical variables were presented as frequencies and
proportions. Questions on the knowledge, attitudes, and practices regarding fresh
produce safety were graded as 1 for each correct answer while 0 for incorrect /missing
answers. Questions with the answer “Other” were carefully checked and evaluated
accordingly. For each participant, the total KAP scores were calculated and categorized
into either a high or low level of fresh produce safety KAP with the use of an 70%
cutoff point (Ballout et al., 2024). In particular, participants who correctly answered

70% or more of the questions of a specific KAP parameter were considered to have a
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high fresh produce safety KAP level, while those who failed to successfully target 70%
of the questions were classified to have a low fresh produce safety KAP level.
Specifically, when evaluating the total knowledge scores of the respondents, a
scale ranging between 0 and 16 (representing the total number of questions on fresh
produce safety knowledge) was used. Respondents with a total score of <10 points were
considered to have “insufficient” knowledge and those with scores of >11 points (>70%
accuracy) were considered to have “good” knowledge of fresh produce safety. As for
the total attitudes scores of the respondents, respondents with a total score of <5 points
were considered to have “negative” attitude and those with scores of >6 points were
considered to show “positive” attitude toward fresh produce safety. Finally, for the
evaluation of the total practices scores of the respondents, respondents with a total score
of <10 points were considered to have “bad” practices and those with scores of >11
points were considered to have “good” practices when dealing with fresh produce.
Chi-square (x?) analysis was performed to study the association between the
different socio-demographic characteristics and the KAP levels. In order to determine
the strength of the associations, a simple and multiple logistic regression analyses were
carried out. The socio-demographic characteristics represented the independent
predictor variables while the knowledge, attitudes, and practices levels represented the
dependent variables. The multiple logistic analysis was run to explore the combined
effect of several predictors on the KAP levels while controlling for potential
confounding variables that have been used in this study. Only characteristics that
showed statistical significance in the simple regression analysis were included in the
multiple regression model. Logistic regression analyses results were expressed as odds

ratios (OR) with 95% CI. Finally, the association between the different KAP levels was
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studied using crosstabulation. For all analyses, a p-value of less than 0.05 was
considered statistically significant.

E. Confidentiality

As per the consent form (APPENDICES Il & V), taking part in this study was
completely voluntary and anonymous. The data collected from the questionnaire were
kept protected on the researcher’s computer and used for research purposes only. The
data will be kept strictly confidential and stored on a password-protected computer to be

deleted 5 years after the end of the study to meet AUB archive requirements.

F. Risks and Benefits

In reference to the consent form (APPENDICES |1l & 1V), there were no risks
or benefits (e.g., anticipated payments) as from participating in this study. However,
participants were informed to inquire about the study, if need be, before being involved

in the research.
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CHAPTER IV

RESULTS

This chapter will illustrate the results of the analyzed data of the study population. It
will include descriptive statistics covering the participants’ sociodemographic
characteristics, knowledge, attitude, and practices levels alongside the association
between the KAP levels and the different demographic characteristics through logistic
regression analysis. Finally, it will present the results of the association between the

different KAP levels.

A. Sociodemographic Characteristics of Participants

The socio-demographic characteristics of the 577 consumers who participated in
this study are summarized in Table 1. Results revealed that almost two-thirds (66.9%)
of the respondents were females, and more than half of the participants were aged
between 18 and 29 (51.6%). Participants spanned Lebanon’s five governorates, but the
majority were from the South (48.4%), followed by the capital Beirut (35.7%), with
participation being the least from the Begaa governorate (1.4%). Most respondents
received a university degree, either a bachelor’s (46.6%) or a graduate (40.0%) degree.
More than one-third (35.0%) of the participants had a monthly wage between 30 million
and 60 million Lebanese Lira (L.L.) or more than 60 million Lebanese Lira (L.L.). The
majority of the respondents reported having a ‘good’ food safety knowledge (62.0%),
others believed to have a ‘weak’ (23.2%) or an ‘excellent’ (14.7%) food safety

knowledge rating. Respondents were mainly dependent on social media and the internet
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(39.2%) as sources of food safety information, and a good percentage sought their food
safety information from the university (24.8%).

Table 1. Sociodemographic characteristics of the participants (n=577)

Socio-Demographic Frequency (percentage)
Characteristics n (%)
Gender Male 191 (33.1)
Female 386 (66.9)
Age 18-29 298 (51.6)
30-39 183 (31.7)
40-49 46 (8.0)
50-59 31 (5.4)
>= 60 19 (3.3)
Area of Residency  Beirut 206 (35.7)
South 279 (48.4)
North 31 (5.4)
Mount Lebanon 53(9.2)
Begaa 8 (1.4)
Educational Level  Primary school 15 (2.6)
High school 29 (5.0)

University degree (Bachelor) | 269 (46.6)
University degree (Graduate 231 (40.0)

level)

Technical degree 27 (4.7)

Not applicable 6 (1.0)
Monthly Income < 9,000,000 L.L. 37 (6.4)

9,000,000 — 30,000,000 L.L. 135 (23.4)
30,000,000 - 60,000,000 L.L. | 202 (35.0)

> 60,000,000 L.L. 203 (35.2)
Food Safety Weak 134 (23.2)
Knowledge Rating  Good 358 (62.0)
Excellent 85 (14.7)
Food Safety Social media/ Internet 226 (39.2)
Information Source  Family or friends 92 (15.9)
TV 78 (13.5)
University * 143 (24.8)
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I don’t have any source of
information
Other

22 (3.8)

16 (2.8)

Some habits related to fresh produce are summarized in Table 2. The vast
majority of respondents consume fresh produce dishes at least once per week (86.1%), a
small percentage of respondents don’t eat fresh produce dishes weekly (8.3%), and
2.6% don’t consume fresh produce. Most of the participants prefer to buy fresh produce
products from local shops (65.5%) rather than markets (34.5%). More than half (53.9%)

of the participants reported a positive likelihood of purchasing ready-to-eat fresh-cut

produce from shops/restaurants.

Table 2. General habits of participants regarding fresh produce

General Information Er(%zl;ency (percentage)
How often do you eat Don’t eat fresh produce | 15 (2.6)
raw fresh produce dishes Not every week 48 (8.3)
per week? Once per week 36 (6.2)
More than once per 461 (79.9)
week
Other 17 (2.9)
From where do you Local produce shops 377 (65.5)
prefer to buy your fresh ~ Markets 199 (34.5)
produce? **
How likely are you to Very likely 134 (23.3)
purchase ready-to-eat Likely 176 (30.6)
fresh-cut produce from Neutral 104 (18.1)
shops/restaurants? ** Unlikely 101 (17.5)
Very unlikely 61 (10.6)

** University as a source of information includes educational settings (courses,
workshops, conferences, etc.) for collage and non-collage individuals
* One missing response has been observed for this question
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B. Participants’ Food Safety Knowledge

Participants’ knowledge regrading fresh produce safety was examined and
summarized (Table 3). In general, the knowledge level of consumers was almost
sufficient with a total mean score of 10.84 + 2.582, which is considered close to the
cutoff of 11.2 representing 70% accuracy. Hence, more than half of the respondents
(51.8%) had good food safety knowledge. Most of the respondents were aware of the
important role consumers play in food safety (89.9%), the long-term complications of
food poisoning (88.7%), and the mostly affected populations by foodborne diseases
(91.3%). More than half of the participants knew about the common food contaminants
(53.7%) and what biological food contaminants are (59.6%). Regarding the questions
tackling the hazards associated with fresh produce safety, 60.0% of the respondents
knew that leafy vegetables have been associated with multiple foodborne illnesses
outbreaks worldwide and almost a similar percentage identified all the cross-
contamination (transfer of microorganisms) scenarios that could happen due to bad
practices or bad storage conditions of fresh produce. Additionally, the majority of the
respondents (91.7%) were aware of heavy metals and pesticide residues as contaminants
of fresh fruits and vegetables. However, a large proportion (64.0%) didn’t know the
optimal temperature for storage of raw fresh produce. Although 65.7% of the
respondents knew that washing fresh produce with clean tap water or available
household sanitizers would reduce the risk of foodborne illnesses, almost half of them
(50.3%) didn’t know that leafy greens may internalize foodborne pathogens through
their roots and cut surfaces, rendering washing ineffective against internal pathogens.
Most of the respondents succeeded to identify irrigation water as one of the riskiest

vehicles for contaminating fresh produce (96.2%) and knew that approximately 70% of
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Lebanon’s rivers’ water is not suitable for irrigation (71.1%). In contrast, respondents
were not aware of the colistin resistant bacteria detected in South Lebanon’s irrigation
water samples and vegetables collected from fields and markets from different regions
across Lebanon (54.9% and 53.7%), respectively.

Table 3. Participants' fresh produce safety knowledge key indicators

Wrong Answer | Right Answer

Question
n (%) n (%)

1. Do consumers have a critical role in
) ) ) ) ) 58 (10.1) 519 (89.9)
increasing/reducing the risk of foodborne diseases?
2. Can food poisoning lead to long-term
complications such as cancer, kidney or liver 65 (11.3) 512 (88.7)
failure, neural disorders, and even death?
3. What do common food contaminants include? 267 (46.3) 310 (53.7)
4. What do biological food contaminants include? 233 (40.4) 344 (59.6)
5. What are the populations that are mostly affected

) 50 (8.7) 527 (91.3)
by foodborne illnesses?
6. Should raw and cooked foods be separated? 118 (20.5) 459 (79.5)
7. Do you think that leafy vegetables have been
associated with multiple foodborne illnesses 231 (40.0) 346 (60.0)
outbreaks worldwide?
8. What is the optimal temperature for storage of

369 (64.0) 208 (36.0)

raw fresh produce?

9. What are the forms of cross contamination
(transfer of microorganism) that could happen due 235 (40.7) 342 (59.3)

to bad practices or bad storage conditions?

10. Washing fresh produce with clean tap water or

198 (34.3) 379 (65.7)
available household sanitizers would:
11. Do you think that leafy greens may internalize
foodborne pathogens through their roots and cut

290 (50.3) 287 (49.7)

surfaces, rendering washing ineffective against

internal pathogens?
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12. Do you think that contaminated irrigation water
such as sewage water is one of the riskiest vehicles 22 (3.8) 555 (96.2)
for contaminating fresh produce?
13. Do you know that approximately 70% of
Lebanon’s rivers’ water is not suitable for 167 (28.9) 410 (71.1)
irrigation?
14. Do you know that bacteria resistant to colistin, a
last resort antibiotic, were detected in irrigation
317 (54.9) 260 (45.1)
water samples from South Lebanon and the Begaa
Valley?
15. Do you know that bacteria resistant to colistin, a
last resort antibiotic, were detected in vegetables
_ _ 310 (53.7) 267 (46.3)
collected from fields and markets from different
regions across Lebanon?
16. Do you think that heavy metals and pesticide
residues can contaminate fruits and vegetables 48 (8.3) 529 (91.7)
products?
Insufficient Good
Mean of the total knowledge score = Knowledge Knowledge
10.84 + 2.582 n (%) n (%)
278 (48.2) 299 (51.8)

Crosstabulation revealed significant association (p < 0.05) between the
knowledge score and five demographic variables (Table 4). Gender, area of residency,
monthly income, knowledge rating, and information source (p= 0.000) have got an

effect on the fresh produce safety knowledge level.
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Table 4. Effect of sociodemographic characteristics on food safety knowledge level

. Chi-squared
Insufficient Good LA
Total Knowledge Knowledge statistic (x°)
(n=577) Frequency (%) | Frequency (%) (pillgmgcj 8?85)
Gender
Male 191 128 (67) 63 (33) X?=40.570
Female 386 150 (38.9) 236 (61.1) p-value= 0.000
Age
18-29 298 148 (49.7) 150 (50.3)
30-39 183 96 (52.5) 87 (47.5) X?=3.761
40-49 46 14 (30.4) 32 (69.6) p-value= 0.052
50-59 31 14 (45.2) 17 (54.8)
60+ 19 6 (31.6) 13 (68.4)
Area of Residency
Beirut 206 120 (58.3) 86 (41.7)
South 279 137 (49.1) 142 (50.9) X?=32.557
North 31 7 (22.6) 24 (77.4) p-value= 0.000
Mount-Lebanon 53 13 (24.5) 40 (75.5)
Begaa 8 1(12.5) 7 (87.5)
Educational Level
Primary school 15 9 (60) 6 (40)
High school 29 15 (51.7) 14 (48.3)
University degree (Bachelor) 269 132 (49.1) 137 (50.9) X?=2.529
University degree (Graduate p-value=0.772
level) 231 106 (45.9) 125 (54.1)
Technical degree 27 12 (44.4) 15 (55.6)
Not applicable 6 4 (66.7) 2 (33.3)
Monthly Income
< 9,000,000 L.L. 37 11 (29.7) 26 (70.3) 2= 19.668
9,000,000 — 30,000,000 L.L. 135 41 (30.4) 94 (69.6) —value=.0 000
30,000,000 — 60,000,000 L.L. 202 117 (57.9) 85 (42.1) P '
> 60,000,000 L.L. 203 109 (53.7) 94 (46.3)
Food Safety Knowledge
Rating 9
Weak 134 100 (74.6) 34 (25.4) e
Good 358 169 (47.2) 189 (52.8) P '
Excellent 85 9 (10.6) 76 (89.4)
Food Safety Information
Source
Social media / Internet 226 97 (42.9) 129 (57.1)
Family or friends 92 59 (64.1) 33(35.9)
TV 78 60 (76.9) 18 (23.1) X?=70.962
University 143 42 (29.4) 101 (70.6) p-value= 0.000
No source 22 17 (77.3) 5(22.7)
Other 16 3(18.8) 13 (81.3)
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C. Participants’ Food Safety Attitudes

Participants’ attitudes toward fresh produce safety were studied and reported
(Table 5). Overall, the consumers’ attitudes level was satisfactory with a total mean
score of 7.08 + 1.176, which is higher than the cutoff of 6.3 (= 70% accuracy).
Therefore, the vast majority of the respondents (93.1%) had a positive food safety
attitude. Most of the respondents (84.1%) expressed their lack of confidence regarding
the food safety in Lebanon. A high percentage of participants (97.9%) agreed that
pathogens found on fresh produce could cause foodborne illnesses. Moreover, most of
the respondents (81.8%) believed that peeling decreases the risk of exposure to
chemical contaminants such as pesticides. The majority of the respondents had a
positive attitude toward the importance of washing fresh produce and the washing water
(tap water) quality (98.8% and 89.1%), respectively. Hence, 65.3% didn’t fully trust the
source of tap water at their homes in regard to quality and cleanliness. When it comes to
specific purchasing habits, most of the respondents (83.0%) indicated that finishing raw
meat dishes containing raw fresh produce at home could lessen the risk of foodborne
illnesses than buying an already finished product and 61.0% of the participants showed
a positive attitude when buying watermelon/melon at a fresh produce store, claiming
that they mind if a cut is to be done to check for the fruit’s quality. Finally, more than
half of the respondents (53.0%) were not aware that a salad bowel with a pleasant smell

and look could still be risky, thus, reporting a negative attitude.
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Table 5. Participants' attitudes key indicators toward fresh produce safety

Negative Attitude | Positive Attitude

Question
n (%) n (%)
1. Currently, how confident are you about the
) 92 (15.9) 485 (84.1)
safety of food in Lebanon?
2. Pathogens found on fresh produce could
) 12 (2.1) 565 (97.9)
cause foodborne illnesses:
3. Washing fresh produce is an important step: 7(1.2) 570 (98.8)
4. Washing water (tap water) quality may pose
) : (tap ) quality may p 63 (10.9) 514 (89.1)
a risk on fresh produce safety:
5. Peeling fresh produce would decrease the
risk of exposure to chemical contaminants such 105 (18.2) 472 (81.8)
as pesticides:
6. A salad bowel with a pleasant smell and
306 (53.0) 271 (47.0)

look could still make you ill:

7. Finishing raw meat dishes containing raw
fresh produce at home could lessen the risk of
foodborne illnesses than buying already 98 (17.0) 479 (83.0)
finished product: (e.g., incorporating parsley in
a Kaftah meal)

8. Do you fully trust the source of tap water at
] ) ) 200 (34.7) 377 (65.3)
your home in regard to quality and cleanliness?

9. When buying watermelon/melon at a fresh
produce store, do you mind if they do a cut to 225 (39.0) 352 (61.0)
check for quality:

Negative Attitude | Positive Attitude
n (%) n (%)
40 (6.9) 537 (93.1)

Mean of the total attitude score =
7.08+1.176

Results of Table 6 showed statistical significance (p < 0.05) in the association
between the attitudes level and 4 demographic variables. These included the area of
residency (p = 0.001), educational level (p=0.007), monthly income (p=0.000), and

information source (p= 0.000).
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Table 6. Effect of sociodemographic characteristics on food safety attitude

Negative Positive Chi-squared
Total Attitude Attitude statistic (;2)
(n=577) Frequency (%) | Frequency (%) (p‘f’\'lgmgcjg?&)
Gender
Male 191 11 (5.8) 180 (94.2) X?=0.609
Female 386 29 (7.5) 357 (92.5) p-value= 0.435
Age
18-29 298 18 (6) 280 (94)
30-39 183 12 (6.6) 171 (93.4) X?=3.686
40-49 46 6 (13) 40 (87) p-value= 0.406
50-59 31 3(9.7) 28 (90.3)
60+ 19 1(5.3 18 (94.7)
Area of Residency
Beirut 206 4(1.9) 202 (98.1)
South 279 30 (10.8) 249 (89.2) X?=17.014
North 31 1(3.2) 30 (96.8) p-value=0.001
Mount-Lebanon 53 4 (7.5) 49 (92.5)
Begaa 8 1(12.5) 7 (87.5)
Educational Level
Primary school 15 2 (13.3) 13 (86.7)
High school 29 4 (13.8) 25 (86.2)
University degree (Bachelor) 269 19 (7.1) 250 (92.9) X?=14.574
University degree (Graduate p-value= 0.007
level) 231 9(3.9) 222 (96.1)
Technical degree 27 6 (22.2) 21 (77.8)
Not applicable 6 0(0.0) 6 (100)
Monthly Income
< 9,000,000 L.L. 37 4 (10.8) 33(89.2) x2= 17710
9,000,000 — 30,000,000 L.L. 135 21 (15.6) 114 (84.4) —value=.0 000
30,000,000 — 60,000,000 L.L. 202 10 (5) 192 (95) P '
> 60,000,000 L.L. 203 5(2.5) 198 (97.5)
Food Safety Knowledge
Rating o
Weak 134 5 (3.7) 129 (96.3) R
Good 358 28 (7.8) 330 (92.2) P '
Excellent 85 7(8.2) 78 (91.8)
Food Safety Information
Source
Social media / Internet 226 21 (9.3) 205 (90.7)
Family or friends 92 9(9.8) 83(90.2)
TV 78 0(0.0) 78 (100) X?=23.375
University 143 3(2.1) 140 (97.9) p-value= 0.000
No source 22 5(22.7) 17 (77.3)
Other 16 2 (12.5) 14 (87.5)
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D. Participants’ Food Safety Practices

Participants’ practices when dealing with fresh produce were observed and
presented (Table 7). Consumers’ practices level total mean score of 11.62 + 2.156
highlighted acceptable practices as it is slightly higher than the cutoff of 11.2 (= 70%
accuracy). As a result, approximately, 75% of the respondents had good food safety
practices. During shopping, the majority of the respondents separated fresh produce
from raw meat products (92.9%) and ensured to well-pack high quality produce
(85.8%). Good practices related to washing hands (70.9%) and proper storage of leafy
greens before washing and disinfection (65.0%) were noted among participants. During
the course of cleaning fresh produce products, good practices by the consumers have
been observed. A high percentage of respondents washed the fresh produce before
consumption (97.1%), a good proportion used a proper washing method (69.3%), the
majority spent enough time (= 1 minute) on washing fresh produce products (91.7%),
and thoroughly dried products before storage (84.2%). Almost two-thirds (66.4%) of the
participants often checked tap water’s quality at their homes. In regard to the storage
practices, most of the respondents (76.6%) stored the fresh produce in the proper
cooling unit section. However, many of the respondents misbehaved dealing with moldy
fresh produce (43.3%) or during a long power outage (> 4 hours) (41.8%). When
preparing food, almost three-quarters (75.3%) of the consumers applied proper cleaning
and disinfection of surfaces and utensils before and after dealing with fresh produce. A
good percentage (73.5%) of the respondents safely processed leafy greens after dealing
with raw chicken/beef meat products. On the other hand, only 29.3% kept the cut salad
vegetables when not served within 2 hours of preparation on the appropriate shelf in the

refrigerator to avoid spoilage and cross-contamination. Finally, almost 70.0% of the
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participants occasionally checked the state of their cutting boards for cracks and

crevices.

Table 7. Participants' practices key indicators when dealing with fresh produce

Bad Practice

Good Practice

Question
n (%) n (%)
1. During shopping, do you often separate your
9 SoppIng. €oy P Y 41 (7.1) 536 (92.9)
fresh produce from raw meat products?
2. During shopping, do you often ensure that
your veggies and fruits are of high quality and 82 (14.2) 495 (85.8)
well packed in containers?
3. Do you often wash your hands before and
) 168 (29.1) 409 (70.9)
after handling the fresh produce?
4. How do you often store your just bought
fresh leafy greens (parsley, spinach, lettuce) 202 (35.0) 375 (65.0)
before washing and disinfection?
5. Do you often wash the fresh produce before
) 17 (2.9) 560 (97.1)
consumption?
6. How do you often wash the fresh produce? 177 (30.7) 400 (69.3)
7. How much time do you normally spend on
. 48 (8.3) 529 (91.7)
washing the fresh produce?
8. Do you often check the quality of tap water
194 (33.6) 383 (66.4)
at home?
9. Do you often thoroughly dry the fresh
] 91 (15.8) 486 (84.2)
produce after washing before storage?
10. Where in the cooling unit do you often
135 (23.4) 442 (76.6)
store the fresh produce?
11. During a long power outage (> 4 hours),
what do you often do with the stored fresh 241 (41.8) 336 (58.2)
produce in the fridge?
12. How do you often deal with the moldy
) ) 250 (43.3) 327 (56.7)
fresh produce in your fridge?
13. Do you often clean all surfaces and utensils
141 (24.4) 436 (75.6)

with hot water and soap, including cutting
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boards and knives, before and after preparing
fresh produce?

14. Scenario: You have just finished cutting

raw chicken/beef meat on a cutting board, and
you are now supposed to process some raw 153 (26.5) 424 (73.5)
leafy greens. How do you often proceed in

such a case?

15. Do you periodically check the state of your
] ) 178 (30.8) 399 (69.2)
cutting board for cracks/crevices?

16. Where do you often keep the cut salad
vegetables when not served within 2 hours of 408 (70.7) 169 (29.3)
preparation?

Bad Good

Mean of the total practice score = Practices Practices
11.62 + 2.156 n (%) n (%)

143 (24.8) 434 (75.2)

Four demographic variables happened to significantly affect the fresh produce
safety practices level (Table 8). The age (p= 0.015), educational level (p=0.002),

monthly income (p= 0.000), and information source (p= 0.000).

37



Table 8. Effect of sociodemographic characteristics on food safety practices level

Chi-squared
Bad Good e
Total Practices Practices statistic (2)
(n=577) Frequency (%) | Frequency (%) (p‘f’\'lgmgcjg?&)
Gender
Male 191 50 (26.2) 141 (73.8) X?=0.298
Female 386 93 (24.1) 293 (75.9) p-value= 0.585
Age
18-29 298 69 (23.2) 229 (76.8)
30-39 183 39 (21.3) 144 (78.7) X?=5.933
40-49 46 17 (37) 29 (63) p-value= 0.015
50-59 31 9 (29) 22 (71)
60+ 19 9 (47.4) 10 (52.6)
Area of Residency
Beirut 206 43 (20.9) 163 (79.1)
South 279 70 (25.1) 209 (74.9) X?=5.119
North 31 11 (35.5) 20 (64.5) p-value= 0.275
Mount-Lebanon 53 17 (32.1) 36 (67.9)
Begaa 8 2 (25) 6 (75)
Educational Level
Primary school 15 8 (53.3) 7 (46.7)
High school 29 7(24.1) 22 (75.9)
University degree (Bachelor) 269 63 (23.4) 206 (76.6) X?=17.842
University degree (Graduate p-value= 0.002
level) 231 49 (21.2) 182 (78.8)
Technical degree 27 12 (44.4) 15 (55.6)
Not applicable 6 4 (66.7) 2 (33.3)
Monthly Income
< 9,000,000 L.L. 37 7 (18.9) 30 (81.1) 2= 13.127
9,000,000 — 30,000,000 L.L. 135 60 (44.4) 75 (55.6) —value=.0 000
30,000,000 — 60,000,000 L.L. 202 38 (18.8) 164 (81.2) P '
> 60,000,000 L.L. 203 38 (18.7) 165 (81.3)
Food Safety Knowledge
Rating o
Weak 134 21 (15.7) 113 (84.3) Ry
Good 358 108 (30.2) 250 (69.8) P '
Excellent 85 14 (16.5) 71 (83.5)
Food Safety Information
Source
Social media / Internet 226 62 (27.4) 164 (72.6)
Family or friends 92 26 (28.3) 66 (71.7)
TV 78 12 (15.4) 66 (84.6) X?=51.358
University 143 21 (14.7) 122 (85.3) p-value= 0.000
No source 22 18 (81.8) 4(18.2)
Other 16 4 (25) 12 (75)
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E. Simple and Multiple Logistic Regression Analyses

The simple and multiple logistic regression analyses for the association of
different predictors with the odds of having a good food safety knowledge level as a
dependent variable are illustrated in Table 9.

According to the simple logistic regression analysis, five predictors were
significantly associated with the likelihood of having a good knowledge level, including
the gender, area of residency, monthly income, knowledge rating, and food safety
information source. Specifically, compared to females, males were less likely to have a
good food safety knowledge level (OR=0.313, CI (0.217, 0.450), p= 0.000). People
residing in Beirut had significantly lower odds of scoring a high knowledge score
compared to those residing in Begaa (OR=0.102, Cl1 (0.012, 0.847), p=0.035). Higher
monthly income levels (30,000,000 — 60,000,000 L.L. and > 60,000,000 L.L.) were
significantly associated with lower odds of having a good food safety knowledge level
compared to lower income levels (< 9,000,000 L.L.) (OR=0.307, CI (0.144, 0.656), p=
0.002 / OR=0.365, CI (0.171, 0.778), p= 0.009), respectively. Participants who reported
to have a “weak” (OR=0.040, CI (0.018, 0.089), p= 0.000) or “good” (OR=0.132, CI
(0.064, 0.272), p= 0.000) food safety knowledge rating were less likely to have a good
knowledge level compared to an “excellent” rating. Reduction in the odds was more
prominent for those who reported a “weak” knowledge. Finally, respondents getting
their food safety information from the “university” were 1.808 more likely to have a
good food safety knowledge level compared to those who got their information from
“social media and internet” (p= 0.009). However, participants who didn’t have any
source of information or acquired their food safety information from the “TV” or from

“family and friends” experienced a reduction of 77.9%, 77.4%, and 57.9% in the
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odds of having a good food safety knowledge, respectively. (p= 0.004 / p=0.000 / p=
0.001).

In order to control potential confounding predictors, only variables that showed
statistical significance in the above simple regression analysis were included in the
multiple regression model (Table 9). Results showed that most of the associations were
overestimated. Additionally, three predictors stayed significantly associated with the
likelihood of having a good food safety knowledge level. These included the gender,
knowledge rating, and information source. Males were 50.6% less likely to have a good
food safety knowledge compared to females (p= 0.001). Considering to have a “weak”
or “good” food safety knowledge was associated with lower odds of having a good
knowledge level (OR= 0.106, CI (0.045, 0.249), p= 0.000 / OR= 0.214, CI (0.097,
0.471), p=0.000), respectively. Participants having “no source” of information (OR=
0.214, CI (0.071, 0.645), p=0.006) or those getting food safety information from the
“TV” (OR=0.431, CI (0.228, 0.814), p= 0.009) had lower odds of having a good
knowledge level compared to getting information from “social media and internet”.
However, participants who got their food safety information from the “university” were

1.628 more likely to have a sufficient knowledge (CI (0.963, 2.750), p= 0.069).
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Table 9. Simple and multiple logistic regression analyses for the association of the study
population socio-demographic characteristics with the likelihood of having a good food

safety knowledge level

Simple logistic regression
OR, (95% CI), p-value

Multiple logistic regression
Adjusted OR, (95% CI), p-
value

Gender

Female 1

Male 0.313 (0.217, 0.450), 0.000 | 0.494 (0.323, 0.756), 0.001
Age

60+ 1

18-29 0.468 (0.173, 1.263), 0.134

30-39 0.418 (0.152, 1.148). 0.091

40-49 1.055, (0.333, 3.343), 0.928

50-59 0.560, (0.169, 1.858), 0.344

Area of Residency

Begaa 1

Beirut 0.102 (0.012, 0.847),0.035 | 0.341 (0.035, 3.363), 0.357
South 0.148 (0.018, 1.219), 0.076 | 0.445 (0.045, 4.352), 0.486
North 0.490 (0.051, 4.685), 0.536 | 0.977 (0.085, 11.255), 0.985

Mount-Lebanon

0.440 (0.049, 3.915), 0.461

0.750 (0.070, 8.069), 0.812

Educational Level

Primary school

High school

University degree (Bachelor)
University degree (Graduate level)
Technical degree

Not applicable

1
1.400, (0.396, 4.955), 0.602
1,557, (0.539, 4.495), 0.413
1.769, (0.610, 5.131), 0.294
1.875, (0.520, 6.757), 0.336
0.750, (0.103, 5.470), 0.777

Monthly Income

< 9,000,000 L.L.

9,000,000 — 30,000,000 L.L.
30,000,000 - 60,000,000 L.L.
> 60,000,000 L.L.

1
0.970 (0.438, 2.147), 0.940
0.307 (0.144, 0.656), 0.002
0.365 (0.171, 0.778), 0.009

1.082 (0.453, 2.587), 0.859
0.457 (0.197, 1.061), 0.068
0.480 (0.204, 1.129), 0.092

Food Safety Knowledge Rating
Excellent

Weak

Good

1
0.040 (0.018, 0.089), 0.000
0.132 (0.064, 0.272), 0.000

0.106, (0.045, 0.249), 0.000
0.214, (0.097, 0.471), 0.000

Food Safety Information Source
Social media / Internet

Family or friends

TV

University

No source

Other

1
0.421 (0.255, 0.694), 0.001
0.226 (0.125, 0.407), 0.000
1.808 (1.158, 2.824), 0.009
0.221 (0.079, 0.620) ,0.004
3.258 (0.903, 11.751), 0.071

0.605 (0.351, 1.043), 0.071
0.431 (0.228, 0.814), 0.009
1.628 (0.963, 2.750), 0.069
0.214 (0.071, 0.645), 0.006
1.831, (0.462, 7.257), 0.389

Estimates in bold are considered statistically significant at 5% significance level

(Ballout et al., 2024)
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The simple and multiple logistic regression analyses for the association of
different predictors with the odds of having a positive food safety attitude level as a
dependent variable are summarized in Table 10.

Only two predictors were shown to be significantly associated with the
likelihood of having a positive attitude score, including the monthly income and food
safety information source. In contrast to the negative association that has been observed
between a higher monthly income and a good food safety knowledge level, higher
monthly income (> 60,000,000 L.L.) was significantly associated with higher odds of
having a positive attitude level compared to lower income levels (< 9,000,000 L.L.)
(OR= 4.800, CI (1.225, 18.804), p= 0.024). Similarly, “university” (OR= 4.780, CI
(1.399, 16.333), p= 0.013) considered as a source of food safety information was
associated with higher odds of having a positive food safety attitude compared to
“social media and internet”.

Multiple logistic regression analysis (Table 10) showed a significant difference
in only the food safety information source. Participants who acquired their food safety
information from the “university” were 4.202 more likely to have a positive attitude

level compared to “social media and internet” as an information source (p= 0.023).
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Table 10. Simple and multiple logistic regression analyses for the association of the study
population socio-demographic characteristics with the likelihood of having a positive food

safety attitude level

Simple logistic regression
OR, (95% Cl), p-value

Multiple logistic regression
Adjusted OR, (95% CI), p-
value

Gender

Female 1

Male 1.329 (0.649, 2.722), 0.436
Age

60+ 1

18-29 0.864 (0.109, 6.844), 0.890
30-39 0.792 (0.097, 6.446), 0.827
40-49 0.370 (0.041, 3.306), 0.374
50-59 0.519 (0.050, 5.379), 0.582
Area of Residency

Beqaa 1

Beirut 7.214 (0.711, 73.208), 0.095
South 1.186 (0.141, 9.970), 0.875
North 4.286 (0.238, 77.216), 0.324

Mount-Lebanon

1.750 (0.170, 17.987), 0.638

Educational Level

Primary school

High school

University degree (Bachelor)
University degree (Graduate level)
Technical degree

Not applicable

1
0.962 (0.155, 5.964), 0.966
2.024 (0.425, 9.634), 0.376
3.795 (0.743, 19.389), 0.109
0.538 (0.094, 3.078), 0.486

248534591.208 (0.000, -), 0.999

Monthly Income

< 9,000,000 L.L.

9,000,000 — 30,000,000 L.L.
30,000,000 — 60,000,000 L.L.
> 60,000,000 L.L.

1
0.658 (0.211, 2.052), 0.471
2.327 (0.689, 7.859), 0.174
4.800 (1.225, 18.804), 0.024

0.619 (0.193, 1.982), 0.419
1.751 (0.501, 6.113), 0.380
3.621 (0.903, 14.519), 0.069

Food Safety Knowledge Rating
Excellent

Weak

Good

1
2.315 (0.710, 7.547), 0.164
1.058 (0.446, 2.510), 0.899

Food Safety Information Source
Social media/ Internet

Family or friends

TV

University

No source

Other

1
0.945 (0.415, 2.148), 0.892

165487666.829 (0.000, -), 0.997

4.780 (1.399, 16.333), 0.013
0.348 (0.117, 1.040), 0.059
0.717 (0.152, 3.372), 0.674

0.851 (0.367, 1.973), 0.707
111370030.693 (0.000, -), 0.997
4.202 (1.217, 14.505), 0.023
0.420 (0.135, 1.313), 0.136
0.576 (0.115, 2.868), 0.500

Estimates in bold are considered statistically significant at 5% significance level (Ballout et al.,

2024)
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The simple and multiple logistic regression analyses for the association of
different predictors with the odds of having a good practices level when dealing with
fresh produce as a dependent variable are presented in Table 11.

Contrary to the previous positive knowledge and attitude levels’ association
pattern, good practices were observed to be significantly associated with the age and
educational level predictors. Results showed that being younger increases the likelihood
of practicing fresh produce safety. Individuals between 18 and 29 years old had higher
odds of having good practices than 60+ individuals (OR=2.987, CI (1.167, 7.646), p=
0.022). The odds were even higher for the 30-39 age group respondents (OR= 3.323, ClI
(1.263, 8.745), p= 0.015). As for education, holding a high school, Bachelor’s, or
Graduate level degree was significantly associated with higher odds of having good
food safety practices compared to those who completed primary education (OR= 3.592,
Cl (0.956, 13.496), p= 0.058 / OR=3.737, Cl (1.304, 10.710), p=0.014 / OR= 4.245, CI
(1.467, 12.280), p= 0.008), respectively. Similar to the previous associations, the
monthly income, food safety knowledge rating, and food safety information source
happened to significantly affect the practices level. In accordance with the knowledge
association pattern, higher monthly income (9,000,000 — 30,000,000 L.L.) was
significantly associated with lower odds of having a good practices level compared to
lower income levels (< 9,000,000 L.L.) (OR=0.292, CI (0.120, 0.710), p=0.007).
Besides, compared to an “excellent” rating, participants who considered to have a
“good” food safety knowledge had lower odds of having good practices (OR= 0.456, CI
(0.247, 0.845), p= 0.013). Finally, having “no source” of food safety information was
associated with lower odds of having good practices (OR=0.084, CI (0.027, 0.258), p=

0.000). On the other hand, getting food safety information from the “university” (OR=

44



2.196, CI (1.270, 3.797), p= 0.005) was associated with higher odds of practicing fresh
produce safety compared to “social media and internet” as a source.

Multiple logistic regression analysis (Table 11) revealed that three predictors
stayed significantly associated with the likelihood of having good practices when
dealing with fresh produce, including the educational level, monthly income, and food
safety information source. Respondents who finished “high school” were 6.567 more
likely to have good practices compared to “primary education” (p= 0.016). However,
participants with higher monthly income (9,000,000 — 30,000,000 L.L.) were almost
76% less likely to have a good practices level compared to lower income levels (<
9,000,000 L.L.) (p=0.007). Similarly, respondents who didn’t have any food safety
information source experienced a 93% reduction in the odds of having good practices

(p= 0.000).
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Table 11. Simple and multiple logistic regression analyses for the association of the study
population socio-demographic characteristics with the likelihood of having a good food safety

practices level

Simple logistic regression
OR, (95% Cl), p-value

Multiple logistic regression
Adjusted OR, (95% CI), p-
value

Gender
Female
Male

1
0.895 (0.601, 1.333), 0.585

Age
60+
18-29
30-39
40-49
50-59

1
2.987 (1.167, 7.646), 0.022
3.323 (1.263, 8.745), 0.015
1535 (0.521, 4.527), 0.437
2.200 (0.670, 7.220), 0.193

1.153 (0.334, 3.976), 0.822
1.197 (0.339, 4.232), 0.780
1.084 (0.280, 4.198), 0.907
0.938 (0.226, 3.889), 0.929

Area of Residency
Begaa

Beirut

South

North
Mount-Lebanon

1

1.264 (0.246, 6.483), 0.779
0.995 (0.196, 5.044), 0.995
0.606 (0.104, 3.527), 0.577
0.706 (0.129, 3.868), 0.688

Educational Level

Primary school

High school

University degree (Bachelor)
University degree (Graduate level)
Technical degree

Not applicable

1
3.592 (0.956, 13.496), 0.058
3.737 (1.304, 10.710), 0.014
4.245 (1.467, 12.280), 0.008
1.429 (0.402, 5.071), 0.581
0.571(0.079, 4.128), 0.579

6.567 (1.416, 30.450), 0.016
3.339 (0.973, 11.458), 0.055
3.175 (0.905, 11.144), 0.071
1.824 (0.425, 7.830), 0.419
0.291 (0.033, 2.580), 0.268

Monthly Income

< 9,000,000 L.L.

9,000,000 — 30,000,000 L.L.
30,000,000 - 60,000,000 L.L.
> 60,000,000 L.L.

1
0.292 (0.120, 0.710), 0.007
1.007 (0.411, 2.465), 0.988
1.013 (0.414, 2.480), 0.977

0.236 (0.083, 0.669), 0.007
0.632 (0.220, 1.811), 0.393
0.560 (0.192, 1.629), 0.287

Food Safety Knowledge Rating
Excellent

Weak

Good

1
1.061 (0.507, 2.221), 0.875
0.456 (0.247, 0.845), 0.013

1.309 (0.546, 3.138), 0.546
0.566 (0.282, 1.134), 0.109

Food Safety Information Source
Social media / Internet

Family or friends

TV

University

No source

Other

1
0.960 (0.559, 1.646), 0.881
2.079 (1.052, 4.108), 0.035
2.196 (1.270, 3.797), 0.005
0.084 (0.027, 0.258), 0.000
1.134 (0.352, 3.649), 0.833

0.819 (0.457, 1.466), 0.501
2.382 (1.047, 5.421), 0.039
1.725 (0.942, 3.159), 0.077
0.066 (0.020, 0.217), 0.000
1.027 (0.286, 3.685), 0.967

Estimates in bold are considered statistically significant at 5% significance level (Ballout et al.,

2024)
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F. Association between the Different KAP Levels

The association pattern between the different combinations of food safety KAP

levels was examined (Tables 12, 13, and 14). Results showed statistical significance in

the association between the attitudes and practices levels only (Table 14). Participants

with a positive attitude were 3 times more likely to have good practices in comparison

to a negative attitude level (p=0.001). On the other hand, no significant associations

were observed between the other KAP levels.

Table 12. Association between the knowledge and attitudes levels

Negative Positive
Total Attitude Attitude Significance
= 0, -
(n=577) Frequency Frequency OR, (95% CI), p-value
(%0) (%0)

Insufficient
Knowledge 278 18 (45.0) 260 (48.4)
Good X?=0.174
Knowledge 299 22(55.0) | 277(518) | 577 (0.457,1.662), 0.677

Table 13. Association between the knowledge and practices levels

Bad Good
Total Practices Practices Significance
= (0) -
(n=577) Frequency Frequency OR, (95% Cl), p-value
(%) (%)
Insufficient
Knowledge 278 68 (47.6) 210 (48.4)
Good X?=10.030
Knowledge 299 75(52.4) 224 (51.6) 0.967 (0.662, 1.412), 0.862

Table 14. Association between the attitudes and practices levels

Bad Good
Total Practices Practices Significance
- 0, -
(n=577) Frequency Frequency OR, (95% Cl), p-value
(%) (%)
Negative
Attitude 40 19 (13.3) 21 (4.8)
Positive X?%=11.898
Attitude 537 124 (86.7) 413 (35.2) 3.013 (1.570, 5.785), 0.001




CHAPTER V

DISCUSSION

In light with the ongoing uncurbed challenges facing Lebanon, from weak
governmental oversight and economic crisis to nation-wide pollution (Ballout et al.,
2024), food safety in the country has been on the edge of a precipice as documented in
the scientific literature (Ballout et al., 2024; Hassan et al., 2022; Hussein et al., 2023,;
Kharroubi et al., 2020). Specifically, recent studies highlighted the drastic
contamination of Lebanon’s rivers” water (Dagher et al., 2021; Hmede et al., 2019;
Kassem et al., 2022; Osman et al., 2024) and fresh produce (EL-KHECHEN, 2022; El
Safadi et al., 2023; ZEIDAN, 2020) with terrible microorganisms, let alone chemical
contamination with pesticides (ElI Hawari et al., 2019; Khazaal et al., 2022; Nasreddine
et al., 2016). As a result, it was imperative to evaluate the knowledge, attitudes, and
practices of consumers in Lebanon towards fresh produce safety.

Out of the 577 respondents who participated in this study, 66.9% were females,
51.6% aged between 18 and 29, 48.4% resided in the South governorate, 86.6%
received a university degree, and 70.2% had a monthly income of at least 30,000,000
L.L.

The findings of this study revealed that the overall participants’ knowledge level
was almost satisfactory with a total mean score of 10.84 + 2.582 (over 16), which is
considered close to the cutoff of 11.2, meaning at least 70% accurate answers. The latter
finding of this study corroborate with several Lebanese studies that assessed KAP levels
of consumers and found good knowledge level (Dimassi et al., 2021; El Haddad et al.,

2020; Haidari et al., 2022; Hassan et al., 2018). However, our study differs from a study
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that targeted Lebanese university students who showed low levels of food safety
knowledge (53.6%) (Hassan & Dimassi, 2014). In addition, studies from Egypt (Hamed
& Mohammed, 2019), Jordan (Osaili et al., 2022), and the United States (Yu et al.,
2022) showed poor knowledge of food safety among participants. It is noteworthy to
mention that none of the aforementioned studies used the exact same questions of the
present study. The observed satisfactory food safety knowledge level in our study could
be attributed to the fact that the majority of our respondents (86.6%) received either a
Bachelor’s or a Graduate degree level, presumably having a high level of awareness
regarding food safety. On the other hand, light must be shed on some observed
knowledge gaps in terms of safe temperatures and extent of pollution leading to fresh
produce safety deterioration. For instance, only 36.0% knew the optimal temperature for
storage of raw fresh produce, which is lower to that reported by Hassan and Dimassi
(2014) (53.1%) and Hassan et al. (2018) (58.6%). This observation is concerning and
might increase the risk of food poisoning cases among Lebanese consumers. Almost
half of the participants (50.3%) were not aware about some pathogens that may be
internalized by leafy greens. This calls upon growers to adopt good agricultural and
hygienic practices, especially focusing on irrigation water quality. Finally, good
percentages (54.9% and 53.7%) didn’t know that bacteria resistant to colistin, a last
resort antibiotic, were detected in irrigation water samples and vegetables across
Lebanon, respectively. This could be due to the weak media coverage about
environmental pollution issues, thereby highlighting the need for proper communication
about the risks present in our environment to embrace an awareness about food safety

culture in Lebanese community.
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The total mean score of the consumers’ attitudes level was 7.08 + 1.176,
indicating a positive attitude towards fresh produce safety among respondents (93.1%).
Our results align with some studies from Lebanon (Ballout et al., 2024; EI Haddad et
al., 2020; Faour-Klingbeil, 2016; Haidari et al., 2022) that showed a satisfactory attitude
among married women, food handlers of food service establishments, and the Lebanese
consumers amid the economic crisis. Similarly, studies from Egypt (Hamed &
Mohammed, 2019) and Ghana (Boakye et al., 2023; Osei Mensah et al., 2014; Owusu-
Sekyere & Denkyira, 2014) reported a high attitude level. Conversely, studies from
Jordan (Osaili et al., 2022) and the United States (Yu et al., 2022) revealed a
negative/poor food safety attitude level. In fact, a positive attitude is a crucial element in
food safety, resulting in safe practices that reduce the risk of contracting foodborne
ilinesses (Ballout et al., 2024). Hence, it was not surprising to find high risk perceptions
among our respondents in areas pertaining to safety of food in Lebanon, contaminants
in fresh produce, washing and water quality, and cross-contamination. On the contrary,
more than half of the participants (53.0%) didn’t believe that a salad bowel with a
pleasant smell and look could still make them ill. The latter finding was assured by Wei
(2021) as appearance and freshness of food were important in determining consumers’
experience and satisfaction towards food safety. However, look and smell are not
intrinsic in considering safety where other factors come in play such as food handling
and preparation procedures.

Consumers are at the forefront of increasing/decreasing foodborne diseases in
response to their food handling and preparation practices (Janjic et al., 2017). The
results of this study reported a total mean score of 11.62 + 2.156, highlighting an

acceptable practices level when dealing with fresh produce (= 70% accuracy) with 75%
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of the respondents adopting good food safety practices. This study’s practices’ score is
in accordance with Haidari et al. (2022), reporting good preventive practices among
more than half (62.8%) of the respondents of a Lebanese population

during the economic crisis. However, our practices’ level contradicts several other
national (Ballout et al., 2024; Dimassi et al., 2021; Hassan & Dimassi, 2014; Hassan et
al., 2018) and international studies (Boakye et al., 2023; Hamed & Mohammed, 2019;
Osaili et al., 2022; Yu et al., 2022) that reported poor practices among the respondents.
Our good practices level must be interpreted with caution. Since our results relied on
self-reported practices by consumers which could account for reporting (social
desirability) bias, an observational study would have generated a more accurate
practices score.

Shortfalls in some practices related to storage/handling before disinfection,
sanitizing, storage post-disinfection, and food preparation were noted among
consumers. About 29% of the consumers chopped fresh leafy greens (parsley, spinach,
lettuce) before washing and disinfection, comparable (34%) to a study conducted by
(Faour-Klingbeil, 2016), which proved the ineffectiveness of washing solutions on
parsley samples subjected to pre-wash chopping, explained by the ability of bacteria to
adhere and grow on fresh produce surfaces possibly due to the abundance of nutrients
generated by the preparation procedures (slicing, peeling, or shedding). Hence,
consumers are advised to keep leafy greens unchopped in the fridge until
decontamination. Aligning with the findings of a previous study among residents of
Lebanon during the COVID-19 pandemic (Dimassi et al., 2021), the present study
revealed that soaking in a vinegar and/or salt solution then rinsing with cold tap water

was mostly used to sanitize the fresh produce (52.6%), followed by rubbing under
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running tap water only (15.7%), the use of commercial solutions (9.5%), soaking in
plain water (7.79%), the use of chlorine-based solutions (7.10%), and the use of baking
soda solutions (5.89%). Vinegar was found to be an effective antimicrobial solution. In
fact, increasing vinegar concentration from 1% to 5% promoted up to 1.64 log CFU/g
reduction in Salmonella population on contaminated spinach stored up to 9 days at 4 +
1°C (Kilonzo-Nthenge & Liu, 2019). In reference to the previous study, chlorine (200
ppm) achieved the highest bacterial reduction (2.19 log CFU/g), compared to other
treatments. Additionally, commercial solutions were effective in reducing up to 1.50 log
CFU/g Salmonella during the same period. When using a bleach solution, consumers
must be aware and abide by the acceptable limit specified on the product’s label since at
high concentrations, chlorine can form carcinogenic halogenated disinfection by-
products (Faour-Klingbeil, 2016). Studies from the United States (Kilonzo-Nthenge &
Liu, 2019; Li-Cohen & Bruhn, 2002) showed rubbing produce under running tap water
as the most common method of washing; however, it ranked second in our study among
other washing procedures, thus educating consumers on the proper usage of household
sanitizers (e.g. vinegar, chlorine, and commercial solutions) is crucial given the
debilitated water supply quality in Lebanon, due to contamination, which is not
periodically checked by almost one-third of participants in this study. Misbehavior
dealing with moldy fresh produce and during a long power outage (> 4 hours) was
observed among 43.3% and 41.8% of participants, respectively. Therefore, outreach and
educational programs must address proper storage practices as to discard soft/keep firm
produce in mold contamination instances and to discard cut/keep uncut produce in case
of extended power outage which is very common in a country such as Lebanon. Finally,

a considerable number (70.7%) of respondents kept the cut salad vegetables at the
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kitchen counter (room temperature) or on the wrong shelf in the refrigerator when not
served within 2 hours of preparation. This is alarming and requires immediate action to
educate consumers on the repercussions of food spoilage and cross-contamination
coupled with practical demonstrations.

The results of the present study revealed a significant association between the
knowledge level and three socio-demographic characteristics, including the gender, the
food safety knowledge rating, and the food safety information source. In line with a
previous study that assessed food hygiene knowledge and practices of Lebanese
consumers during the COVID-19 pandemic (Dimassi et al., 2021), females had a better
knowledge level than males, presumably due to the active involvement of women in
food preparation and kitchen hygiene in a developing country such as Lebanon.
Respondents getting their food safety information source from the “university” had a
higher knowledge level than those obtaining their information from “social media and
internet”; however, those having “no source” of information or getting food safety
information from the “TV” exhibited lower knowledge than those relying on “social
media and internet”. This is attributed to the fact that universities cater modules related
to food hygiene and microbiology to health-related majors. Furthermore, currently,
social media is a hub for a lot of food safety pages, so it can be a good source when
properly used, otherwise it can be misleading. Contrary to previous studies (Dimassi et
al., 2021; Haidari et al., 2022; Hassan et al., 2018; Zyoud et al., 2019) where knowledge
was affected by age and educational level, no significant association between the
knowledge level and the latter characteristics was found in this current research.

Again, only the source of information was significantly associated with the

consumers’ attitudes. Participants who got their food safety information from the
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“university” were more likely to have a positive attitude than those who relied on
“social media and internet”, confirming that information on social media platforms can
be inaccurate; hence, leading consumers to false believes. It is noteworthy that attitudes
level was not significantly associated with the educational level as shown in the
previous literature (Gebre et al., 2023; Hamed & Mohammed, 2019; Osei Mensah et al.,
2014; Zyoud et al., 2019).

Similarly, the source of food safety information has got an effect on the
practices level where participants with “no source” of information were less likely to
have good practices. In addition, the educational level and monthly income were
significantly associated with good practices. Participants who completed “high school”
had better food safety practices compared to those who finished “primary education”.
Li-Cohen and Bruhn (2002) supported the previous observation and proved that high
school (non-college graduates) were more likely to practice food safety than college or
post-college graduates, attributing that to the lack of guidance on safe handling for those
who are on a college track. Respondents with a lower monthly income practiced better
than those with a higher income. Again, this is in accordance with (Li-Cohen & Bruhn,
2002), but opposes the findings of (Haidari et al., 2022). This is possibly due the
minimal exposure to food safety information on safe handling because of their busy
schedules. Unlike other studies (Dimassi et al., 2021; Haidari et al., 2022; Hassan et al.,
2018; Yu et al., 2022; Zyoud et al., 2019), where females and/or older individuals had
good practices level, no significant association was found for the gender and age with
the practices level in the present study.

In contrast to previous studies (Ballout et al., 2024; Yu et al., 2022; Zyoud et al.,

2019) where a significant interaction was found between the three KAP elements, this
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present study revealed a significant association between the attitudes and practices level
only, aligning with the results of (Soon et al., 2020). Our findings showed that
participants with a positive attitude experienced a triple chance of practicing fresh
produce safety. This suggests that consumers’ risk believes shape their food safety and
hygiene practices. However, no significant association was found between the
knowledge and practices level, indicating that good knowledge is not always a key to
good food safety practices, which could be explained by the potential reporting bias
(self-reported practices and the use of resources in the context of online surveys).
Several limitations should be taken into consideration in this present study. For
instance, a combination of factors may result in a selection-bias such as internet
unavailability and the non-presence on social media platforms which might have
hindered some groups from participating in this study, including underprivileged, rural
communities, and the older generation. Moreover, our sample size might not be
geographically representative across all Lebanese governorates and was mainly
composed of educated and youth participants. There hasn’t been a valid tool to evaluate
the knowledge, attitudes, and practices towards fresh produce safety; hence, a
questionnaire was formulated based on previous studies which might have resulted in a
misclassification bias. Finally, reporting (social desirability) bias must be highlighted
since respondents might report their practices based on the society’s expectations rather
than their own actual practices, let alone the uncontrolled use of internet resources.
Though the several limitations, our study provides baseline information on Lebanese
consumers’ KAP parameters regarding fresh produce safety and its associated risks,
paving the way for other research studies to tackle food safety challenges in Lebanon

and the region.
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CHAPTER VI

CONCLUSION

In summary, the preliminary results of this study showed an appropriate level of
knowledge, attitudes, and practices towards fresh produce safety among consumers in
Lebanon. However, some shortfalls in the knowledge and practices were noted, mainly
related to insufficient knowledge about the storage temperature and the risks associated
with fresh produce in the Lebanese environment, in addition to misbehaviors related to
storage/handling before disinfection, sanitizing, storage post-disinfection, and fresh
produce/food preparation practices. Therefore, given the popularity and the high
consumption of raw fresh produce dishes in Lebanon, it is imperative to utilize the
results of the present work to customize proper educational programs such as food
safety trainings and awareness campaigns that not only focus on food safety knowledge
and practices, but also enhance consumers’ risk awareness toward fresh produce
consumption by providing real-life examples about foodborne disease outbreaks related
to fresh produce. The aforementioned recommendations can be transformed into reliable
actions only through the cooperation of several entities, including the government,
concerned public and private industries, and media to rectify the situation and protect
the Lebanese consumers from the grave repercussions associated with foodborne

diseases resulting from high-risk raw fresh produce consumption.
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APPENDIX |

INVITATION SCRIPT (ENGLISH VERSION)

Invitation to Participate in a Research Study
This notice is for an AUB-IRB Approved Research Study for Dr. Christelle Iskandar at
AUB. (Phone: (01) 350 000 Ext: 4456)
(Email: ci09@aub.edu.lb)

*It is not an Official Message from AUB*

| am inviting you to participate in a research study about “Knowledge, attitudes
and practices of consumers towards the safety of fresh produce in Lebanon: A
cross-sectional study.”

You will be asked to complete a short survey/questionnaire of four sections,
including demographic information.

You are invited because we are targeting people who are at least 18 years old and are
currently residing in Lebanon.

The estimated time to complete this survey is approximately 10 to 15 minutes.
The research is conducted online and is hosted on AUB server.

Please read the consent form and consider whether you want to be involved in the
study.

If you have any questions about this study, you may contact the investigator/research
team (Fadel Atwe, 76614396, faa81@mail.aub.edu)
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APPENDIX 11

INVITATION SCRIPT (ARABIC VERSION)
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APPENDIX I

CONSENT FORM (ENGLISH VERSION)

Dear Participant,

You are invited to participate in a research study entitled “Knowledge, Attitudes, and
Practices of Consumers towards the Safety of Fresh Produce in Lebanon: A Cross-
sectional Study”

This study is conducted by Dr. Christelle Iskandar, Department of Nutrition and Food
Sciences, American University of Beirut. The conduct of this study will adhere to the
IRB approved protocol.

The main objective of this study is to examine consumers’ knowledge, attitudes and
practices towards the safety of fresh produce in Lebanon and its associated risks.

This message invites you to read the consent document and consider whether you want
to be involved in the study.

And to note that:

e This is not an official message from AUB

« Participation is completely voluntary

e This study will include a sample of 720 participants who are at least 18 years
old, and are currently residing in Lebanon

e The recruitment of the participants will be through invitations posted on social
media upon getting group admin’s approval

o Completing the questionnaire will be online and will take around 10-15 minutes

o Only the data you provide in the questionnaire will be collected and analyzed

e The survey is anonymous and there are no personal or identifying information

o The research team will not have access to your name or contact details

« Data collected will be monitored and may be audited by the IRB while assuring
confidentiality

e You may download the consent form if you wish to keep a copy

POTENTIAL BENEFITS TO SUBJECTS AND/OR SOCIETY

You will not receive any payment for participation in this study. Also, there will be no
direct benefits to you.

However, the close investigation of the knowledge and behaviors of consumers in
Lebanon will provide us with worthy insights on how well they are knowledgeable
about the hazards associated with fresh produce and how they deal with those hazards.
This topic is very timely in a country possessing a debilitating food safety system.
POTENTIAL RISKS TO SUBJECTS AND/OR SOCIETY
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The risks of the study are minimal and your participation in this survey does not involve
any distress.

CONFIDENTIALITY

The collected data will remain confidential and anonymous. It will be stored on the PI’s
password protected computer, and only the research team would have access to it. Data
will be monitored and may be audited by the IRB while assuring confidentiality.

We will be using the information collected from the surveys for our master's thesis
project, which is a requirement for our degree at the Department of Nutrition and Food
Sciences. Findings from this study will be used for research purposes only.

PARTICIPATION AND WITHDRAWAL

If you voluntarily consent to take part in this study, you can change your mind and
withdraw at any time without consequences of any kind. Refusal or withdrawal to
participate in the study will involve no penalty or loss of benefits to which you are
otherwise entitled. Also, your refusal to take part in the study will not affect your
relationship with AUB.

QUESTIONS ABOUT THE STUDY

If you have any questions or concerns about the study, you can contact Dr. Christelle
Iskandar at ci09@aub.edu.lb

CONCERNS OR QUESTIONS ABOUT YOUR RIGHTS

If you have concerns about the study or questions about your rights as a participant, you
can contact the American University of Beirut (AUB) Social and Behavioral
Institutional Review Board (IRB) at irb@aub.edu.lb or AUB extension: 5445.

ACCESS TO THE SURVEY

If after reading the consent document and having your questions answered, you
voluntarily agree to take part in the study, you can access the survey by answering the
questions below.
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APPENDIX IV

CONSENT FORM (ARABIC VERSION)
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APPENDIX V

QUESTIONNAIRE (ENGLISH VERSION)

Section 1: Socio-demographic characteristics
1. Age:
a) <18
b) 18-29
c) 30-39
d) 40-49
e) 50-59
f) >= 60
2. Gender:
a) Male
b) Female
3. Area of Residency:
a) Beirut
b) South
c) North
d) Mount Lebanon
e) Begaa
4. What is your highest Education level achieved?
a) Primary school
b) High school
c) University degree (Bachelor)
d) University degree (Graduate level)

e) Technical degree
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f) Not applicable
5. What is the total monthly income of your household?
a) < 9,000,000 L.L.
b) 9,000,000 — 30,000,000 L.L.
c) 30,000,000 — 60,000,000 L.L.
d) > 60,000,000 L.L.
6. How do you rate your food safety knowledge?
a) Excellent
b) Good
c) Weak
7. From where do you get your food safety information?
a) Social media / Internet
b) Family or friends
c) TV
d) University
e) I don’t have any source of information

f) Others: -----mmmmmmmmeme e

Section 2: Knowledge questions

1. Do consumers have a critical role in increasing/reducing the risk of foodborne
diseases?

a) Yes
b) No
¢) I don’t know

2. Can food poisoning lead to long-term complications such as cancer, kidney or liver
failure, neural disorders, and even death?

a) Yes
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b) No
¢) I don’t know
3. What do common food contaminants include?
a) Chemical contaminants
b) Biological contaminants
c) Physical contaminants
d) All of the above
e) I don’t know
4. What do biological food contaminants include?
a) Bacteria
b) Viruses
c) Parasites
d) All of the above
e) [ don’t know
5. What are the populations that are mostly affected by foodborne illnesses?
a) Children (less than 5 years old)
b) Elderly
¢) Immunodeficient people
d) Pregnant women
e) All of the above
f) I don’t know
6. Should raw and cooked foods be separated?
a) Yes
b) No
¢) I don’t know

7. Do you think that leafy vegetables have been associated with multiple foodborne
illnesses outbreaks worldwide?
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a) Yes
b) No
¢) I don’t know
8. What is the optimal temperature for storage of raw fresh produce?
a) <= 4°C (in the fridge)
b) > 4°C (in the fridge)
c) Room Temperature
d) I don’t know

9. What are the forms of cross contamination (transfer of microorganism) that could
happen due to bad practices or bad storage conditions?

a) From contaminated raw meat to fresh produce through knives/cutting boards
b) From contaminated fresh produce to well-cooked food

c¢) From a thawing meat to a prepared salad placed on a rack underneath the
meat in the fridge

d) All of the above
e) [ don’t know

10. Washing fresh produce with clean tap water or available household sanitizers
would:

a) Eliminate the risk of foodborne pathogens

b) Reduce the risk of foodborne illnesses

c) Increase the risk of contracting a foodborne pathogen
d) I don’t know

11. Do you think that leafy greens may internalize foodborne pathogens through their
roots and cut surfaces, rendering washing ineffective against internal pathogens?

a) Yes
b) No
¢) I don’t know

12. Do you think that contaminated irrigation water such as sewage water is one of the
riskiest vehicles for contaminating fresh produce?
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a) Yes
b) No
c¢) I don’t know

13. Do you know that approximately 70% of Lebanon’s rivers’ water is not suitable for
irrigation?

a) Yes
b) No

14. Do you know that bacteria resistant to colistin, a last resort antibiotic, were detected
in irrigation water samples from South Lebanon and the Begaa Valley?

a) Yes
b) No

15. Do you know that bacteria resistant to colistin, a last resort antibiotic, were detected
in vegetables collected from fields and markets from different regions across Lebanon?

a) Yes
b) No

16. Do you think that heavy metals and pesticide residues can contaminate fruits and
vegetables products?

a) Yes
b) No

c¢) I don’t know

Section 3: Attitudes questions
1. Currently, how confident are you about the safety of food in Lebanon?
a) Very confident
b) Confident
c) Neutral
d) Unconfident

e) Very unconfident
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2. From where do you prefer to buy your fresh produce?
a) Local produce shops

b) Markets

3. Please Agree or Disagree on the following prepositions:

Agree Disagree

a) Pathogens found on fresh
produce could cause
foodborne illnesses:

b) Washing fresh produce is
an important step:

¢) Washing water (tap water)
quality may pose a risk on
fresh produce safety:

d) Peeling fresh produce
would decrease the risk of
exposure to chemical
contaminants such as
pesticides:

e) A salad bowel with a
pleasant smell and look could
still make you ill:

f) Finishing raw meat dishes
containing raw fresh produce
at home could lessen the risk
of foodborne illnesses than
buying already finished
product: (e.g. incorporating
parsley in a Kaftah meal)

4. Do you fully trust the source of tap water at your home in regard to quality and
cleanliness?

a) Yes

b) No
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5. When buying watermelon/melon at a fresh produce store, do you mind if they do a
cut to check for quality:

a) Yes

b) No

Section 4: Practices questions

1. How often do you eat raw fresh produce dishes per week?
a) Don’t eat fresh produce
b) Not every week
c) Once per week

d) More than once per week

€) Other: =----mmmeme oo

2. How likely are you to purchase ready-to-eat fresh-cut produce from
shops/restaurants?

a) Very likely
b) Likely
c) Neutral
d) Unlikely
e) Very unlikely
3. During shopping, do you often separate your fresh produce from raw meat products?
a) Yes
b) No

4. During shopping, do you often ensure that your veggies and fruits are of high quality
and well packed in containers?

a) Yes
b) No
5. Do you often wash your hands before and after handling the fresh produce?

a) Yes
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b) No

6. How do you often store your just bought fresh leafy greens (parsley, spinach, lettuce)
before washing and disinfection?

a) Store them un-chopped at room temperature
b) Store them un-chopped in the fridge at 4°C
c) Store them chopped at room temperature
d) Store them chopped in the fridge at 4°C
7. Do you often wash the fresh produce before consumption?
a) Yes
b) No
8. How do you often wash the fresh produce?
a) Rubbing produce under cold running tap water
b) Soaking produce in plain water

¢) Soaking in vinegar-water solution then washing with rubbing under cold tap
water

d) Soaking in salt-water solution then washing with rubbing under cold tap
water

e) Soaking in chlorine-water solution then washing with rubbing under cold tap
water

f) Soaking in baking soda solution then washing with rubbing under cold tap
water

g) Soaking in commercial wash solution then washing with rubbing under cold
tap water

h) I don’t wash the fresh produce

i) Other: e

9. When using a bleach (chlorine) solution for disinfecting the fresh produce, do you
often abide by the acceptable limit specified on the product’s label?

a) Yes
b) No

¢) I don’t use a bleach solution
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10. How much time do you normally spend on washing the fresh produce?
a) <1 minute
b) 1 — 2 minutes
C) > 2 minutes
11. Do you often check the quality of tap water at home?
a) Yes
b) No
12. Do you often thoroughly dry the fresh produce after washing before storage?
a) Yes
b) No
13. Where in the cooling unit do you often store the fresh produce?
a) Fridge drawers
b) Lower shelves

c) Fridge doors

d) Other: ---------=-=-mmmmm oo --

14. During a long power outage ( > 4 hours), what do you often do with the stored fresh
produce in the fridge?

a) Keep the uncut fresh produce and discard the cut produce

b) Keep the cut fresh produce and discard the uncut produce

c) Keep them both

d) Discard them both

15. How do you often deal with the moldy fresh produce in your fridge?

a) Keep the firm fresh produce and discard the soft produce

b) Keep the soft fresh produce and discard the firm produce

c) Keep them both

d) Discard them both

16. Do you often clean all surfaces and utensils with hot water and soap, including
cutting boards and knives, before and after preparing fresh produce?
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a) Yes
b) No

17. Scenario: You have just finished cutting raw chicken/beef meat on a cutting board,
and you are now supposed to process some raw leafy greens. How do you often proceed
in such a case?

a) | use the same cutting board and knife to process the leafy greens

b) 1 use a different cutting board and knife to process the leafy greens

18. Do you periodically check the state of your cutting board for cracks/crevices?
a) Yes
b) No

19. Where do you often keep the cut salad vegetables when not served within 2 hours of
preparation?

a) At the kitchen counter (room temperature)
b) On a shelf above the raw meat in the fridge

c) On a shelf below the raw meat in the fridge

d) Other: --=-=-=-ememmeee oo
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APPENDIX VI

QUESTIONNAIRE (ARABIC VERSION)
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APPENDIX VII

GUIDELINES LEAFLET (ENGLISH VERSION)

Dealing with Fresh Produce:

From Purchase to Service

Please follow these safe practices when dealing with fresh produce to
protect yoursell and your family from food paisoning whik enfeying the
safest meals!

Shop Wisely
o el vegies ad s e
bmlsedotdanageq

[ hhqs. s ftesh pméuog
pmductslmmm e products

(e ad Wsh Ml (9

2.3MIN

¥ Wash your sink with warm water and $08p
¥ Wash your hands with wam water and s0ap
¢ mmmmm
Just before use, b by hand or scrub Wi 3 clean hrusl\ while Hinging undet
funting tap mrmnmmmhsbhmudon‘mt f

¢ forSotroducend esfGroars;
 Discard tbeoumleavos of lea(yprodm

N

- Sosk mm of cold water uith oneublespoonofmewmda
 tablespoon of inegar ,

b Wash with nnzlo mbblnaundmold tap mr

¥ Draln and dry the fresh produce with  cean cloth o papertowel

83

Store Properly

o/ Keep your fridee &t or below 4 °C

¥ Store the cleaned /dried fruits and
yegetables in separate drawers placing
papertowel undemesth them

v Coverthe leafy greens with paper towels
from the top and bottom

/ Place herbs (parsley and corander)ina
halfflled lass ar and wrap with  plastic
bag

Prepare Safely

Poswsaen — s o e e ]
¥ Clean all surfaces and utensils with hot water

and soa9, including cutting boards and knives,
before and after prepaning fresh produce

v Don'tuse the same cutting board and knife of
fa meats to process the fresh produce

¥ Peel fresh produce to reduce expasing
yourself to pestickdes

v Check periodically the state of your cutting
board for eracks

Y Refrigerate all cut, peeled or cooked fresh
frults and ve etables within two hours of
preparing

Y Inthe fridge, separate the prepared fresh
produce on asheff above the raw meats




APPENDIX VIII

GUIDELINES LEAFLET (ARABIC VERSION)
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