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ABSTRACT

Food safety risks, like poor water quality and handling,
threaten public health in Ghana's Eastern Region, where
farmers' food safety knowledge and practices are unclear.
The study aimed to evaluate salad vegetable farmers' food
safety knowledge, attitudes, and practices (KAP) through a
descriptive, cross-sectional survey. Face-to-face interviews
and questionnaires were conducted with 400 farmers,
yielding N=390 usable responses. The peer-reviewed,
pilot-tested questionnaire covered demographics, food
safety knowledge, attitudes, and hygiene practices. The
study highlights positive practices among farmers, such
as farm access restrictions (70%) and removing dirt from
harvested salad vegetables (77%), but also identifies
gaps in essential practices like treating irrigation water
and manure sterilization. The lack of toilet facilities (12%)
on most farms poses a significant risk of contamination.
There is good awareness of proper handling and hygiene
practices, but chemical contamination (76%) receives
the most attention, while physical (37%) and microbial
contamination (18%) awareness needs improvement.

Barriers included inadequate resources (51%), time
constraints (53%), and poor record-keeping (64%).
Significant (p<0.05) positive correlations between KAP
suggest that enhancing knowledge and fostering positive
attitudes through regular training can improve food safety
practices among salad vegetable farmers.

INTRODUCTION

Food safety is a global concern, with produce
contamination and associated foodborne illnesses posing
significant health risks worldwide (22). The World Health
Organization (WHO) estimates that each year, about 600
million people fall ill after consuming contaminated food,
resulting in approximately 420,000 deaths, with low- and
middle-income countries bearing a substantial portion of this
burden (7). Although fresh vegetables are a vital component
of a nutritious diet (69), they are frequently implicated in
disease outbreaks (28). From 2013 to 2021, foodborne
diseases in Ghana resulted in 36 fatalities and over 1,900
reported cases, raising serious public health concerns. The
outbreaks were largely attributed to contaminated food
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and insufficient safety measures (41). The main pathogens
identified included norovirus (55%), Shiga toxin-producing
Escherichia coli (18%), and Salmonella (11%) (28). Many
outbreaks have been traced to fresh produce, particularly
fresh salad vegetables, due to their potential contamination
during harvesting and handling (4). Understanding the
safety practices linked to these vegetables is crucial for
ensuring public health, as contamination often occurs during
production or handling stages, exacerbated by inadequate
hygiene among farm workers (42).

In Ghana, food safety is a pressing public health issue
due to the country’s reliance on domestic agriculture for
food security and economic sustenance. Salad vegetables,
frequently eaten raw or with minimal processing, pose
a heightened risk of contamination (45). Without strict
adherence to food safety and good agricultural practices
(GAP), these vegetables may harbor harmful pathogens,
pesticide residues, and other contaminants (23). Foodborne
illnesses associated with contaminated vegetables include
salmonellosis, campylobacteriosis, listeriosis, E. coli infection,
cholera, and norovirus infection (72).

Fresh salad vegetables are widely consumed in Ghana
(10), and contribute significantly to nutritional intake
(65, 81). Ensuring their safety is critical for preventing
foodborne illnesses and protecting public health (57). The
increasing consumption of fresh vegetables indicates the
importance of maintaining stringent food safety standards.
Quality control relies on GAP and factors such as cultivation,
harvesting, and handling before distribution (37, 50). The
adoption of effective management techniques, infrastructure
maintenance, and adherence to safety standards are essential
for ensuring high-quality, safe food production (59).
Farmers' on-farm practices play a crucial role in upholding
these standards (59).

Ghana’s fertile soils and favorable climate support diverse
agricultural activities, including cultivating salad vegetables
like lettuce, cabbage, tomatoes, cucumbers, and carrots
(58). Small-scale commercial farmers dominate this sector,
supplying both local and urban markets (2). In the Eastern
Region, about 67% of the population engages in farming
(25). With increasing demand for fresh produce, farmers are
often under pressure to maximize yields (62), sometimes
compromising food safety practices. This pressure may
lead to unsafe practices, such as improper irrigation and
inadequate sanitation (31). In such contexts, food safety
should complement rather than hinder food security.

Ghana and other African countries, including Benin,
Botswana, Cameroon, the Central African Republic, Chad,
and the Democratic Republic of Congo face significant
food safety challenges (22). Limited resources, inadequate
infrastructure, and varying education levels among farmers
contribute to these gaps (49). It has been reported that
lettuce farmers’ attitudes, perceived behavioral control, and
social norms influence on-farm food safety practices (67).
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These challenges emphasize the need for a comprehensive
understanding of commercial salad vegetable farmers' food
safety knowledge, attitudes, and practices in the Eastern
Region, which is a dominant agricultural region of Ghana.
The Knowledge, Attitudes, and Practices (KAP) framework
is a well-established public health model for assessing and
understanding behaviors related to health issues (68). Within
the food safety sector, the KAP framework can provide
important insights into farmers' understanding of food safety
risks, their beliefs and attitudes regarding safe practices, and
the degree to which they implement these practices (27, 80).
Evaluating farmers’ knowledge helps to identify farmers’
awareness of contamination sources and prevention measures
(29), while assessing attitudes clarifies how they perceive
the importance of food safety (44.). Examining practices
reveals actual behaviors during production, handling, and
post-harvest processing (16). Using the KAP framework in
this study provides a structured approach to identifying areas
where improvements may be necessary (35). If farmers possess
food safety knowledge but fail to apply it, barriers such as
attitudes or resource constraints may exist. On the other hand,
if they have positive attitudes but lack knowledge, educational
initiatives could be beneficial. The KAP approach also helps
identify misconceptions that may hinder safe practices (43).
Studies in Ghana have examined food safety in different
settings and among various groups, highlighting the need
for improved handling and hygiene practices. Research on
institutional food handlers has identified knowledge gaps
and inconsistent hygiene compliance (33, 61). while studies
on street food vendors have revealed vulnerabilities due
to limited resources and diverse educational backgrounds
(3, 79). Consumer-focused studies suggest that while
awareness of food safety exists, misinformation and limited
formal education remain challenges (12, $4). However,
little research has specifically focused on on-farm food
safety practices among commercial salad vegetable farmers
in Ghana, despite the raw consumption of these vegetables
(15). Evaluating their food safety KAP can help identify risks
early in the supply chain and enable targeted interventions
to prevent contamination before salad vegetables reach
consumers. This study addresses a critical gap in Ghanaian
food safety research by focusing on an agricultural segment
that directly impacts consumer health. This study assesses the
food safety knowledge, attitudes, and practices of commercial
salad vegetable farmers in Ghana’s Eastern Region, aiming
to identify gaps and propose interventions for improving
food safety in salad vegetable production. It also explores the
factors influencing food safety behavior and recommends
targeted training programs and policy support.

MATERIALS AND METHODS
Study population

A total of 400 salad vegetable farmers participated in this
study. A descriptive, cross-sectional survey of 22 districts



in the eastern region of Ghana was employed in this study.
The districts include: Kwahu East, Kwahu South, Kwahu
West, Fanteakwa, Atiwa, Birim North, Birim Central, Birim
South, Denkyembour, Akyemansa, Kwaebibirem, West Akim,
Nsawam, Adoagyiri, Ayensuano, East Akim, New Juaben,
Yilo Krobo, Lower Manya Krobo, Upper Manya Krobo,
Asuogyaman, Akuapim North and Akuapim South except
Kwahu Afram Plains North and Kwahu Afram Plains South.
Salad vegetable farmers in the Eastern Region of Ghana
were recruited for the survey questionnaire research using a
combination of purposive and random sampling methods to
ensure diverse and representative participation. Agricultural
extension officers, and community leaders assisted in
identifying suitable respondents based on factors such as
farm size, and crop type. Researchers conducted outreach
through community meetings, local radio announcements,
and word-of-mouth referrals to encourage participation.
Additionally, enumerators visited farms directly to distribute
and administer the questionnaires, ensuring accessibility for
farmers with limited literacy.

Interview

This section was informed by the Knowledge, Attitudes,
and Practices (KAP) framework (6, 30). The "not sure”
response option was included in relevant questions to
accommodate uncertainty and provide clarity in assessing
knowledge and practices (26). Face-to-face interviews to
gather information on food handlers' KAP regarding food
safety. The questionnaire was peer-reviewed and pilot-tested
at three districts in Ghana's Eastern Region before being
finalized and administered to the participants. Researchers
and trained research assistants conducted the interviews
using the structured questionnaire, with data collection
taking place between January to April 2024. The study
employed a structured questionnaire divided into four
sections to collect comprehensive data from salad vegetable
farmers. The systematic questionnaire was developed
based on numerous local and international studies (5, 24,
77). Section 1 comprised 10 questions aimed at gathering
demographic information, including age, gender, educational
background, farming experience, socio-economic factors,
primary source of nutrients, type of irrigation water, and type
of vegetable produced. The food safety knowledge section
of the questionnaire included 18 closed-ended questions
no," and "not sure." This

"

with three response options: "yes,
section assessed the farmers' knowledge of personal hygiene,
foodborne illnesses, microorganisms, infection control, and
sanitary practices. Questions related to attitudes (section

3) consisted of 8 structured questions designed to evaluate
the farmers' attitudes towards safety and hygiene practices.
Responses ranged from "Always" to "Never," reflecting

their psychological conditions and perceptions. Section 4
no," or "'not

"

contained 13 questions, with answers of "yes,
sure,” focusing on food hygiene and sanitation practices.

Ethical approval (Reference: HuSSREC/AP/102/Vol.3)
was granted by the Humanities and Social Sciences Research
and Ethics Committee of Kwame Nkrumah University of
Science and Technology.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS)
version 27.0 (SPSS Inc., Chicago, USA) was used for coding
and analysis. Percentages and frequencies were used to
summarize categorical variables as appropriate. Spearman’s
test of association was employed to analyze the correlation
between knowledge, attitude, and practices. Bivariate
correlation analysis was conducted to estimate the strength of
significant correlations (p<0.05). A multiple linear regression
analysis was performed to evaluate the relationship between
the independent variables: knowledge and attitude, and the
dependent variable: practice. The model’s significance was
assessed using Analysis of Variance (ANOVA), Regression
coeflicients, standard errors, t-values, and p-values were
reported to determine the strength and significance of the
predictors.

RESULTS
Demographic characteristics of respondents

Table 1 presents the summary of the respondents’ demo-
graphic profiles for this study. The largest groups are those
aged 35-44 (27%) and 45-54 (32%). There is also notable
participation from those aged 55-64 (18%), suggesting
experienced individuals continue to contribute significantly.
Younger respondents (18-24 and 25-34) form smaller but
still relevant proportions, contributing 2% and 13%, respec-
tively. Older respondents (65 or above) make up 7% of the
total. The majority of respondents are male, constituting 72%
of the sample. Female respondents account for the remaining
28%. A significant portion of respondents (56%) have basic
education and second-cycle education represents 23% of a
substantial minority. Fewer respondents have higher quali-
fications, with only 3% having a diploma and 1% holding a
bachelor's degree or higher. A notable proportion (17%) has
no formal education. The data shows a varied scale of farming
operations among respondents. A significant portion (40%)
operates on relatively small plots of 1-3 acres, which may
indicate intensive farming practices. Nearly a third (31%) of
the respondents farm on more than S acres. Approximately
27% farm on 4-5 acres, representing a mid-range scale of op-
erations. A small percentage (2%) operate on less than 1 acre.
Most salad vegetable farms (59%) employ between 1-S work-
ers. A significant but smaller portion (21%) employs 6-10
workers. About 6% of farms employ more than 10 workers,
and 15% of farms operate without any hired workers. A sig-
nificant majority (84%) of respondents have been producing
salad vegetables for more than § years. Fifteen percent have
between 1-§ years of experience, while only 1% are relatively
new to vegetable production (less than 1 year). The majority
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TABLE 1. Demographic profile of the respondents studied (N = 390)

Variable No. of participants n (%)
Age group (years)

1824 8 (2.1%)
25-34 49 (12.6%)
35-44 107 (27.4%)
45-54 126 (32.3%)
55-64 71 (182%)
65 or over 29 (7.4%)
Sex

Male 282 (72.3%)
Female 108 (27.7%)
Educational level

Basic education 220 (56.4%)
Second cycle education 88 (22.6%)
Diploma 12 (3.1%)
Bachelor’s Degree and above 4 (1.0%)
No formal education 66 (16.9%)
Farm size

1-3 acres of land 8(2.1%)
4-5 acres of land 156 (40.0%)
6-10 acres ofland 107 (27.4%)
More than § acres of land 119 (30.5%)
Number of workers employed

None 57 (14.6%)
1-5 workers 228 (58.5%)
6-10 workers 80 (20.5%)
More than 10 25 (6.4%)
Years of farming experience

Less than 1 year 5(1.3%)
1-5 years 57 (14.6%)
More than S years 328 (84.1%)
Types of vegetables grown

Salad vegetables 100 (25.6%)
Both (salad vegetables and other vegetables) 290 (74.4%)
Type of fertilizer used

Organic manure 131 (33.6%)
Synthetic fertilizer 209 (53.6%)
Both 50 (12.8%)
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TABLE 2. Types of vegetables cultivated and their irrigation water sources (Il = 390)

Types of vegetables

Variable Yes 1 (%) No 1 (%)
Cabbage 273 (70.0%) 117 (30.0%)
Lettuce 74 (19.0%) 316 (81.0%)
Green pepper 121 (31.0%) 269 (69.0%)
Carrots 47 (12.1%) 343 (87.9%)
Cucumber 78 (20.0%) 312 (80.0%)
Tomatoes 269 (69.0%) 121 (31.0%)
Other vegetables 293 (75.1%) 97 (24.9%)
Source of water for irrigating

Rainwater 293 (75.1%) 97 (24.9%)
Small reservoirs 43 (11.0%) 347 (89.0%)
Dams 62 (15.9%) 328 (84.1%)

(74%) of respondents produce both salad vegetables and
other types of vegetables while 26% specialize in producing
salad vegetables exclusively as shown on Table 2. Synthetic
fertilizer is the most commonly used primary nutrient source,
with 54% of respondents relying on it. Organic manure is also
significant, with 34% of respondents using it as their primary
nutrient source. A smaller percentage (13%) use both organic
and synthetic fertilizer sources.

Cabbage (70%) and tomatoes (69%) are the most
commonly produced vegetables on the list, with other
vegetables (75%), being the most common answer as
shown in Table 2. Rainwater (75%) is the primary source
of water for irrigating salad vegetable farms. Wells (23%),
rivers (28%), and boreholes (19%) are also utilized to a
lesser extent. Markets (72%) and farm gates (64%) are the
primary locations where respondents sell their vegetables.
Restaurants (9%) and other venues (9%) represent smaller
sales channels.

Knowledge of hygiene and safe handling of salad
vegetables

A significant majority (86%) of farmers have received
training on Good Agriculture Practices (GAP) from
Agriculture Extension Officers, as shown in Table 3. GAP
ensures sustainable farming by promoting soil health, water
conservation, pest control, safe harvesting, environmental
protection, worker safety, and compliance with food safety
standards. This indicates a high level of exposure to GAP
training among the respondents. Most farmers (73%)

have implemented the lessons on their farms. However,
about 19% have not implemented the lessons, and 7% are
uncertain. Less than half of the farmers (46%) clean and
sanitize their vegetables after harvesting, while a slightly
higher percentage (52%) do not. Only a small fraction of
farmers (7%) treats their irrigation water, indicating that the
vast majority (91%) do not practice water treatment. The
majority of farmers (70%) believe that obtaining manure
from certified companies helps ensure food safety. Only

15% of farmers thermally treat and check their manure for
microbial contamination before use, indicating that most
(79%) of the salad vegetable farmers do not follow this
practice. Also, a majority (70%) of salad vegetable farmers
restrict human and vehicle access to their farms. Over half
(59%) of the farmers clean and sanitize storage bags before
use. Very few farmers (12%) have toilet facilities on their
farms. A majority (62%) of salad vegetable respondents agree
that asking workers not to come to work when they have
infectious diseases can help control vegetable contamination.
Similarly, a significant percentage (66%) believe that annual
health checkups for workers contribute to controlling salad
vegetable contamination. A large majority (74%) understand
that improper cleaning of salad vegetables can lead to
contamination with harmful microorganisms. A significant
percentage (72%) acknowledges that inadequate cleaning
may lead to a loss of freshness and quality in salad vegetables.
Most salad vegetable respondents (73%) recognize that poor
handling practices can result in reduced shelf life for salad
vegetables. A majority (63%) understand that unhygienic
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TABLE 3. Knowledge of hygiene and safe handling of salad vegetables (/V = 390)

Variable Yes 1 (%) No n (%) Not Sure 1 (%)
Good Agricultural Practices training 335 (85.9%) 51(13.1%) 4(1.0%)
Implementation of lessons 285 (73.1%) 74 (19.0%) 31(7.9%)
Cleaning and sanitizing of vegetables 179 (45.9%) 203 (52.1%) 8 (2.0%)
Treatment of irrigation water 27 (6.9%) 355(91.0%) 8 (2.0%)
Certified manure 273 (70.0%) 74 (19.0%) 47 (12.0%)
Sterilization of manure 59 (15.1%) 308 (79.0%) 27 (6.9%)
Restriction of human and vehicle 273 (70.0%) 117 (30.0%) 4(1.0%)
Cleaning and sanitizing the storage sacks 230 (59.0%) 62 (15.9%) 20 (5.1%)
Toilet facility 47 (12.1%) 339 (86.9%) 4(1.0%)
Sick leave 242 (62.1%) 133 (34.1%) 12 (3.1%)
Annual health checkups 257 (65.9%) 101 (25.9%) 27 (6.9%)
Improper cleaning causes contamination 288 (73.8%) 78 (20.0%) 24 (6.2%)
Poor cleaning reduces freshness 281 (72.1%) 86 (22.1%) 20 (5.1%)
Poor cleaning shortens the shelflife 285 (73.1%) 66 (16.9%) 43 (11.0%)
Unhygienic handling causes foodborne illnesses 245 (62.8%) 74 (19.0%) 71 (18.2%)
Education on chemical contamination 296 (75.9%) 94 (24.1%)

Education on physical contamination 144 (36.9%) 246 (63.1%)

Education on microbial contamination 70 (17.9%) 320(82.1%)

TABLE 4. Respondents' attitudes toward hygienic and safe practices (/N = 390)

Variables Always Very Often | Sometimes Rarely Never
n (%) n (%) n (%) n (%) n (%)
Farmers ensure vegetable safety 261 (66.9%) | 74 (19.0%) | S1(13.1%) 8 (2.1%) 4(1.0%)
On-farm practices affect safety 203 (52.1%) | 101(25.9%) | 82(21.0%) 4(1.0%) 0(0.0%)
Soiled vegetables may cause poisoning 215(55.1%) | 98 (25.1%) | 74(19.0%) 4(1.0%) 4(1.0%)
Lack of education hinders food safety 183 (46.9%) | 94 (24.1%) | 101 (25.9%) 8(2.1%) 4(1.0%)
Lack of training hinders food safety 203 (52.1%) | 82(21.0%) | 90 (23.1%) 8 (2.1%) 8(2.1%)
Inadequate resources hinder food safety 199 (51.0%) | 105(26.9%) | 66 (16.9%) 4(1.0%) 4(1.0%)
Time constraints obstruct hygiene practices 207 (53.1%) | 66(16.9%) | 90 (23.1%) 12 (3.1%) 20 (5.1%)
Lack of motivation hinders hygiene practices 183 (46.9%) | 98(25.1%) | 86(22.1%) 8 (2.1%) 16 (4.1%)
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handling methods of salad vegetables can lead to consumers
contracting foodborne illnesses. A significant majority
(76%) of respondents received lessons or practices related
to chemical contamination from the extension officers from
the Ministry of Food and Agriculture, Ghana. A smaller
percentage (37%) received training or information on
physical contamination. Physical contaminants can include
foreign objects like dirt, stones, or packaging materials that
are contaminated with dirt. The smallest percentage (18%)
received lessons on microbial contamination. Microbial
contaminants include bacteria, viruses, and fungi that can
lead to foodborne illnesses if not properly controlled.

Attitude towards hygienic and safety practices

Table 4 summarizes the farmers' reported attitudes toward
salad vegetable safety and hygiene practices. Most respondents
(67%) affirmed that farmers have an important responsibility
for the safety of salad vegetables. A significant portion (19%)
think farmers are very often responsible. Few respondents
(13%) believe farmers are sometimes responsible, and very
few (2% and 1%) think farmers are rarely or never responsible,
respectively. Over half (52%) of the salad vegetable
respondents believe that on-farm practices always impact
vegetable safety. A total of 26% believe that on-farm practices
frequently impact safety, while 21% say they have an occasional
impact. Only a small percentage (1% and 0%) think these
practices rarely or never affect safety. More than half (55%) of
respondents believe unclean or soiled vegetables always cause
food poisoning. 25% say very often, 19% say sometimes and a
small minority (1% and 1%) think rarely or never. 47% believe
inadequate education always hinders food safety measures.
24% think it very often hinders, and 26% say sometimes. Very
few respondents (2% and 2% ) think rarely or never. Fifty-two
percent of respondents believe that lack of training always
hinders food safety practices. Also, 21% think it very often
hinders, and 23% say sometimes and a small percentage (2%)
think rarely or never. A majority (54%) of the respondents
believe that inadequate resources always hinder food safety
practices. Twenty-seven percent think it very often hinders,
while 17% say sometimes and very few respondents (1% and
1%) think rarely or never. Over half (53%) believe that time
constraints always obstruct adherence to hygienic practices,
17% think it very often obstructs. While 23% say sometimes
and a small percentage of the respondents (3% and 5%) think
rarely or never. Nearly half of the respondents (47%) believe
that a lack of motivation always acts as a barrier to practicing
proper food hygiene. Twenty-five percent think it very often
acts as a barrier, while 22% say it sometimes. A small minority
of the respondents (2% and 4%) think rarely or never.

Assessment of hygienic and safety practices of salad
vegetable farmers

Table 5§ summarizes the response regarding hygiene and
safety practices in salad vegetable production and handling.

Washing your hands before handling salad vegetables is a very
important practice in food safety practice. A little over 40%
of respondents wash their hands before handling vegetables
for shipping, while the majority (58%) do not, and a small
percentage (2%) are unsure. Around 41% of respondents

use clean and sanitized tools and equipment. The majority
of the respondents (56%) do not use clean and sanitized
tools and a small percentage (3%) are not sure. About 35%
of respondents clean vegetables with water before shipping.
However, the majority (59%) do not clean vegetables with
water and a notable portion (6%) are not sure. Close to 42%
of respondents clean, dry, and cover harvesting containers
before use. The majority of the respondents (55%) do not
follow this practice and a small percentage (3%) are not

sure. A large majority of the respondents (77%) remove

dirt, mud, or other debris from the product before packing.
Only 20% do not follow this practice, and 2% are not sure.
Less than half (43%) of respondents have a storage facility
for containers and packaging materials, while the majority
(55%) do not and a small percentage (2%) are not sure. More
than half (55%) of respondents ensure that containers and
packaging materials are cleaned and stored in protected areas.
A significant portion (39%) do not follow this practice, and
6% are not sure. A small percentage (20%) of respondents
have a toilet facility and hand washing station available on
their farm, while a large majority (79%) do not, and very few
(1%) are not sure. Only 28% of respondents maintain clean
and regularly serviced toilets and hand washing stations,
while the majority (72%) do not and a small percentage (1%)
are not sure. The results regarding the use of written records
in various aspects of salad vegetable production activities.
Alittle less than half of the respondents (43%) keep written
records of their vegetable production activities. The majority
of the respondents (55%) do not keep such records and a
very small percentage (2%) are not sure about whether they
keep these records. Only about 30% of respondents keep
written records of the entry and exit of humans, vehicles, and
animals. A significant majority of the respondents (64%)

do not keep these records and a notable portion (6%) is not
sure about maintaining such records. Similar to the previous
question, around 30% of respondents use written records for
product tracking and tracing. A large majority (66%) do not
use these records and (5%) are not sure about using written
records for this purpose.

Logistic regression analyses

The results demonstrate significant correlations between
knowledge, attitudes, and practices among salad vegetable
farmers as shown in Table 6. A moderate, statistically
significant positive correlation was observed between
knowledge and practice (Spearman’s p = 0.50, p < 0.05),
suggesting that higher knowledge levels correspond to
improved practices. However, the correlation between
knowledge and attitudes was weak and not statistically
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TABLE 5. Hygienic and safety practices in salad vegetable production and handling (/ = 390)

Variable Yes 1 (%) No 1 (%) Not Sure n (%)
Wash hands before handling salad vegetables 156 (40.0%) 226 (57.9%) 8 (2.1%)
Use sanitized tools for cleaning vegetables 160 (41.0%) 218 (55.9%) 12 (3.1%)
Wash vegetables before shipping 137 (35.1%) 137 (35.1%) 116 (29.7%)
Use protective clothing for packing 133 (34.1%) 238 (61.0%) 19 (4.9%)
Clean and sanitize containers 164 (42.1%) 215(55.1%) 11(2.8%)
Remove debris before packing 300 (76.9%) 78 (20.0%) 8(2.1%)
Have storage for containers 168 (43.1%) 215(55.1%) 7 (1.8%)
Store containers protected from contaminants 215 (55.1%) 152 (39.0%) 23 (5.9%)
Provide toilet and handwashing facilities 78 (20.0%) 308 (79.0%) 4 (1.0%)
Keep toilets and handwashing clean 109 (27.9%) 281 (72.1%) 0 (0.0%)
Record keeping is essential 168 (43.1%) 215(55.1%) 7(1.8%)
Record on entry and exit of humans, vehicles, and animals 117 (30.0%) 250 (64.1%) 23 (5.9%)
Use records for tracking 117 (30.0%) 258 (66.2%) 15(3.8%)

TABLE 6. Association among food safety knowledge, attitude, and practices

Level Spearman’s rho(p) Sig.
Knowledge vs practices 0.50** 0.03
Knowledge vs attitudes 0.31 0.14
Attitudes vs practices 0.50** 0.03
Attitudes vs knowledge 0.31 0.14
Practices vs attitudes 0.50** 0.03
Practices vs knowledge 0.51* 0.03

**, Correlation is significant at the 0.05 level (2-tailed)

significant (Spearman’s p = 0.31, p > 0.05), indicating that the model’s statistical significance (F = 37.51, p < 0.001),
increased knowledge does not necessarily translate into demonstrating that knowledge and attitude significantly
more positive attitudes. A moderate, statistically significant influence food safety practices. The coefficient analysis
correlation between attitudes and practices (Spearman’s p = showed that both knowledge (b = 0.09, p = 0.002) and
0.50, p < 0.05) suggests that positive attitudes contribute to attitude (b =0.37, p < 0.001) were significant predictors
better practices. of practice, with attitude having a stronger impact. These

The regression analysis indicated a moderate relationship findings emphasize that while knowledge is important,
between knowledge, attitude, and practice (R* = 0.16), attitude plays a more substantial role in shaping food safety
suggesting that these factors explain 16% of the variation behaviors among salad vegetable farmers.

in farming practices (Table 7). ANOVA results confirmed
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TABLE 7. Summary statistics of the regression of practice on knowledge and attitude

Regression statistics Value

Multiple R 0.40

R Square 0.16

Adjusted R Square 0.16

Standard Error 0.52

Observations 390

ANOVA df SS MS F Significance F

Regression 2 19.97 9.98 37.51 0.00

Residual 387 103.00 027

Total 389 122.97

Regression Coeflicients Coefficients Standard Error t Stat p-value

Intercept 0.96 0.09 11.08 <0.001

Knowledge (X,) 0.09 0.03 3.14 0.002

Attitude (X,) 0.37 0.0 7.40 <0.001
DISCUSSION positive correlation with agricultural land use for vegetable

The demographic information of respondents involved in
salad vegetable farming revealed a broad range of age groups
with predominantly male participation. Empowering women
through the creation and enforcement of policies that grant
them equal access to productive resources was essential for
economic growth and poverty alleviation (34,). Educational
backgrounds varied, though most of the salad vegetable
farmers had basic education. This result was supported by
Mabe et al. (38), whose report showed that most of the
farmers had basic education. It was recommended that
farmers in the district acquire the necessary skills and
knowledge in modern farming techniques and the use of
contemporary farm inputs to enhance their knowledge and
productivity (73). Farming operations ranged from small
plots to larger farms, with workforce sizes generally small
to medium. These insights reflected a diverse agricultural
community with varying scales of operations (82), which
have indicated family-run or very small-scale operations
where labor needs were managed internally. Previews
research had indicated that vegetable farming was done on
small to large plots (83). However, factors like maximum
temperature, average temperature, slope, population density,
and soil series had a negative correlation with agricultural
land use for vegetable production. In contrast, distance
to lakes, major rivers, minor roads, road density, number
of rainy days, and percentage of urban residents showed a

production (75).

Respondents largely had extensive experience in salad
vegetable production, focusing on both salad and other
vegetables. Synthetic fertilizer was the primary nutrient
source used, with organic manure also being significant.
This indicated a variety of soil fertility management
approaches in salad vegetable production (56, 71). The
results showed that synthetic fertilizer was the primary
nutrient source in salad vegetable production, while organic
manure also played a significant role. This suggested that
farmers used a mix of soil fertility management strategies
to optimize their crop yields (53). Synthetic fertilizer
provides readily available nutrients to plants, leading to
quicker growth and higher yields (64). However, the use of
organic manure helped to improve soil structure, increase
microbial activity, and add organic matter to the soil. This
combination suggested a balanced approach to maintaining
soil fertility, addressing immediate nutrient needs for salad
vegetable production (70, 78).

The most cultivated salad vegetables included cabbage,
tomatoes, lettuce, green peppers, carrots, and cucumbers.
Rainwater was the primary irrigation source, supplemented
by wells, rivers, and boreholes. Sales outlets were main
markets and farm gates, emphasizing direct local consumer
engagement. Salad vegetables were mostly sold at the local
markets in Ghana (1, 11).
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Farmers had received substantial training and adopted
positive practices, such as restricting farm access and
anticipating the use of certified manure, but critical gaps
in essential safety practices still needed to be addressed.
However, gaps in essential practices such as treating
irrigation water, improving post-harvest sanitation, and
thermally treating manure had to be addressed to enhance
both the safety and productivity of salad vegetable
production (36, 55), as they were key factors in preventing
contamination and ensuring high-quality produce (42, 46).
Contaminated vegetables in urban Ghana, particularly due
to unsafe irrigation practices, posed serious public health
risks. Addressing these challenges requires stakeholder
collaboration, political commitment, and improved water
treatment. Studies confirmed significant contamination,
reinforcing the need for stricter safety measures to protect
food quality and public health (9, 19).

The absence of toilet facilities on most farms was a
major concern, posing a serious risk of contamination and
compromising worker hygiene, necessitating urgent action
(63). Factors such as economic limitations, traditional
beliefs, and restricted access to sanitation facilities influenced
toilet practices in Ghana's farming communities. As a result,
open defecation and the use of communal latrines were
common. Recognizing these factors was essential for tackling
sanitation issues in these areas (32, 52). However, programs
like Community-Led Total Sanitation (CLTS) strove to
enhance hygiene, but their effectiveness depended on
factors such as education, concerns about privacy, and active
community involvement (74, 84).

The data indicated a good level of awareness among
respondents regarding the importance of proper handling
and hygiene practices to prevent contamination of salad
vegetables. Measures like managing worker health through
sick leave policies and regular health check-ups, combined
with proper cleaning practices for salad vegetables, were
crucial to ensuring that food safety began at the farm.
Research demonstrated that managing worker health through
policies such as sick leave and regular health checkups was
essential in reducing contamination risks (17, 63). Moreover,
literature emphasized that food safety started at the farm
level, where proper cleaning and sanitation practices were
critical to ensuring the safety of fresh produce (26, 40).
Implementing these measures was crucial for upholding
high food safety standards of salad vegetable safety, reducing
contamination risks, and improving overall product quality.

Chemical contamination received the most attention,
with a majority of respondents exposed to related lessons.
Physical contamination awareness was notably lower,
indicating an area for increased focus in training programs.
Microbial contamination, the least addressed, highlighted a
critical need for comprehensive education to mitigate risks
associated with foodborne pathogens. The emphasis on
chemical contamination was consistent with literature that
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often highlighted chemical hazards in food safety training,
given their immediate and noticeable impacts (14, 76).
However, the lower level of awareness regarding physical
contamination indicated a gap in existing training programs,
which could have been improved by broadening their focus
to cover this risk more comprehensively (39, 48). The lack
of attention to microbial contamination was particularly
concerning, as research pointed out that microbial hazards
presented the most significant threat to public health through
foodborne illnesses (8). This highlighted the urgent need
for comprehensive education on microbial safety to mitigate
these risks effectively.

There was a strong consensus that farmers were responsible
for salad vegetable safety, with many respondents indicating
a high frequency of on-farm practices impacting vegetable
safety. Research indicated that the initial stages of the food
supply chain, where production occurred, were critical for
maintaining food safety. Therefore, farmers were expected to
follow Good Agricultural Practices (GAPs) acquired through
technical training programs that utilized participatory
methods to minimize contamination risks (20). Improper
handling at the farm level could introduce pathogens like
E. coli and Salmonella spp., which posed serious health risks
(21).

Inadequate resources such as water and equipment
were significant barriers to implementing salad vegetable
safety practices. Similarly, research indicated that resource
limitations hindered the adoption of safety practices (60,
47). These constraints could lead to an increased risk of
contamination, as farmers might not have had the means
to follow all reccommended guidelines. Time constraints
were also recognized as obstructing adherence to hygienic
practices, though slightly less critically but they were
considered to impact on food safety.

Additionally, the majority of the respondents did not
keep written records, particularly for entry and exit logs in
the salad vegetable farms. However, maintaining records
was important for an effective Hazard Analysis and Critical
Control Points (HACCP) system (51). The results indicated
significant positive correlations between knowledge and
practices and between attitudes and practices, suggesting
that higher knowledge and more positive attitudes were
associated with better practices. It had been reported that
enhanced knowledge and positive attitudes fostered through
regular and targeted training programs were essential for
achieving better practices and ensuring the safety and quality
of salad vegetable production (13).

The analysis demonstrated that knowledge and attitude
significantly predicted farming practices, with attitude having
a stronger influence. This highlighted the need for targeted
interventions that enhance farmers’ knowledge and foster
positive attitudes toward food safety practices. Given the
substantial impact of attitude, educational initiatives should
have incorporated behavioral change strategies alongside



knowledge dissemination to ensure more effective adoption
of safe practices. These findings conformed with previous
research (18, 66), which suggested that good knowledge

and attitudes together promoted proper practice. However,
further investigation was needed to understand the specific
mechanisms through which attitude influenced behavior and
how best to leverage it for improved food safety compliance.

CONCLUSIONS

The findings of this study provide comprehensive
information on the demographic characteristics, farming
practices, and challenges faced by salad vegetable farmers.
The demographic information highlights a diverse yet
predominantly male workforce with varying educational
backgrounds and scales of operation. Respondents have
extensive experience in salad vegetable farming, with a
notable reliance on synthetic fertilizer and rainwater for
irrigation. The primary salad vegetables cultivated include
cabbage and tomatoes, reflecting common production trends
in Ghana's Eastern Region.

Despite a high level of training in Good Agricultural
Practices (GAP) by Ghana Extension Officers, critical gaps
remain in essential areas such as treatment of irrigation water,

REFERENCES

1. Abakari, G, S.J. Cobbina, and E. Yeleliere. 8.
2018. Microbial quality of ready-to-eat
vegetable salads vended in the central
business district of Tamale, Ghana. Food
Contam. 5(1): 1-9.

2. Adams, A, S. Sekyi, and I. Kaseeram. 2023.
Urban agriculture and farmers’ willingness 9.
to pay for treated wastewater: Insights from
vegetable producers in the greater Accra
metropolis of Ghana. Cogent Food Agric.
9(1): 1-18.

3. Addo-Tham, R., E. Appiah-Brempong, H.
Vampere, E. Acquah-Gyan, and A. G. Akwasi.

handling practices of street food vendors in
Ejisu-Juaben municipality of Ghana. Adv.
Public Health 2020(1): 4579573-4579579.

4. Aiyedun, S. O,, B. A. Onarinde, M. Swainson,
and R. A. Dixon. 2021. Foodborne outbreaks

post-harvest sanitation, and organic manure sterilization.
Also, the study reveals a good awareness of the importance
of hygiene and safety practices, although some uncertainties
persist, particularly regarding the risks associated with
foodborne illnesses. Training on chemical contamination

is relatively well-covered, but there is a clear need for more
comprehensive education on microbial contamination to
mitigate the associated risks effectively.

In conclusion, while some positive practices are in place,
there is substantial room for improvement in various aspects
of salad vegetable farming. Addressing the identified gaps
through comprehensive training, better infrastructure, and
effective resource management can significantly enhance
salad vegetable safety and productivity in the salad vegetable
farming sector.

ACKNOWLEDGMENTS

We sincerely appreciate the salad vegetable farmers for
their essential involvement in this study. Furthermore, we
are grateful to the Directors and Extension Officers of the
Ministry of Food and Agriculture in the Eastern Region of
Ghana for their continuous support during the research.

Ashrafudoulla, M., M. S. Ulrich, S. H. 14. Carvalho, F. P. 2017. Pesticides, environment,
Toushik, S. Nahar, P. K. Roy, F. R. Mizan,

S. H. Park, and S. D. Ha. 2023. Challenges
and opportunities of non-conventional
technologies concerning food safety. World's
Poult. Sci. J. 79(1): 3-26.

Asirifi, I, K. Kaetzl, S., Werner, C. K.

Saba, F. K. Abagale, P. Amoah, and B.
Marschner. 2021. Pathogen and heavy metal
contamination in urban agroecosystems

of northern Ghana: Influence of biochar
application and wastewater irrigation.

J. Environ. Qual. 50: 1097-1109.

2019. Knowledge on food safety and food- 10. Atuna, R.A,, J. Djah, M. A. Achaglinkame,
S. Bakker, L. Dari, M. Osei-Kwarteng, G. K.
Mahunuy, I. Koomen, and F. K. Amagloh.
2022. Types of indigenous vegetables
consumed, preparation, preferences and 18. Clements, D. P. and E. A. Bihn. 2018.
perceived benefits in Ghana. J. Ethn. Foods

and food safety. Food Energy Secur. 6(2):
48-60.

15. Castro-Ibéniez, I., M. I. Gil, and A. Allende.
2017. Ready-to-eat vegetables: Current
problems and potential solutions to reduce
microbial risk in the production chain. LWT -
Food Sci. Technol. 85: 284-292.

16. Chegere, M. J. 2018. Post-harvest losses
reduction by small-scale maize farmers: The
role of handling practices. Food Policy 77:
103-115.

17. Chen, H,, A. J. Kinchla, N. Richard, A. Shaw,
and Y. Feng. 2021. Produce Growers' on-
farm food safety education: A review, J. Food
Prot. 84(4): 704-716.

The impact of food safety training on the

of microbial infection from fresh produce 9: 38-52. ?iiim;n fof)foodoe:gr;ul(tiugllpgicjxces on
in Europe and North America: A systematic 11. Aziz, A. F.,, M. Yurtai, and P-K. Khodadad. -4 Frac. Drg. Loo ’
review of data from this millennium. Int. J. 2016. Seasonal study of parasitic 19. Cobbina, S. J., M. C. Kotochi, J. K. Korese,

Food Sci. Technol. 56(S): 2215-2223.
S. Akabanda, E, E. H. Hlortsi, and J. Owusu-

contamination in fresh salad vegetables
marketed in Shahrekord, Iran. Food Control

and M. O. Akrong. 2013. Microbial
contamination in vegetables at the farm

Kwarteng, 2017. Food safety knowledge, 60: 538-542. gate due to 1rr1gat'10n with wastewater in the
. . e Tamale metropolis of Northern Ghana. J.
attitudes and practices of institutional 12. Bolek, S. 2020. Consumer knowledge, Environ. Protect. 4(7): 676-682
food-handlers in Ghana. BMC Public Health attitudes, and judgments about food safety: A ’ ’ ’ ’
17: 1-9. consumer analysis. Trends Food Sci. Technol. 20. Dewi, Y. A., A. Yulianti, V. W. Hanifah, E.
6. Al-Kandari, D., J. Al-abdeen, and J. Sidhu. 102:242-248. {::::1 al; i\}/ll.\sja;)“;;l;sl\é l\gzlrl‘j 1}5“;1; tlegd
2019. Food safety knowledge, attitudes and 13. Braun, T, R. Cottrell, and P. Dierkes. 2018. gran, V. o e Y

practices of food handlers in restaurants in
Kuwait. Food Control 103: 103-110.

7. AL-Mamun, M., T. Chowdhury, B. Biswas,
and N. Absar. 2017. Food poisoning and
intoxication: A global leading concern for
human health. Food Saf. Preserv. 307-352.

Fostering changes in attitude, knowledge
and behavior: Demographic variation in
environmental education effects. Environ.
Edu. Res. 24(6): 899-920.

and M. T. Sutriadi, 2022. Farmers' knowledge
and practice regarding good agricultural
practices (GAP) on safe pesticide usage in
Indonesia. Heliyon 8: 1-10.

January/February Food Protection Trends 57




21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

S8

Esmael, A., R. Rashad, R. S. Al-Hindi, M. G.
Albiheyri, A. A. R. Alharbi, M. S. Filimban,
A. M. Alseghayer, M. A. A. Almaneea,
A.Jumaa, and D. T. Addisu, 2023. Fresh
produce as a potential vector and reservoir
for human bacterial pathogens: Revealing the
ambiguity of interaction and transmission.
Microorganisms 11(3): 753-771.

Fung, F,, H. S. Wang, and S. Menon. 2018.
Food safety in the 21st century. Biomed. .
41(2): 88-95.

Gallo, M., L. Ferrara, A. Calogero, D.
Montesano, and D. Naviglio. 2020.
Relationships between food and diseases:
‘What to know to ensure food safety. Food Res.
Int. 137: 109414.

Gebre, G. G., T. Legesse, and A. A. Fikadu.
2023. Food safety knowledge, attitude,

and practice among male and female food
handlers: Evidence from fruit and vegetable
producers in Ethiopia. Heliyon 9(6): e17301.

Ghana, Statistical Service, G. S. S. 2021.
Population and housing census: Population
of regions and districts. Ghana Statistical
Service. Available at: https://census2021.
statsghana.gov.gh. Accessed on 15 March,
2024.

Gil, M. I, M. V. Selma, T. Suslow, L. Jacxsens,
M. Uyttendaele, and A. Allende. 2015. Pre-
and postharvest preventive measures and
intervention strategies to control microbial
food safety hazards of fresh leafy vegetables.
Crit. Rev. Food Sci. Nutr. 55(4): 453-468.

Hashanuzzaman, M., S. Bhowmik, M. S.
Rahman, M. A. Zakaria, L. C. Voumik, and
A. A. Mamun. 2020. Assessment of food
safety knowledge, attitudes and practices of
fish farmers and restaurant food handlers in
Bangladesh. Heliyon 6(11): e0548S.

Herman, K. M., A. J. Hall, and L. H. Gould.
2015. Outbreaks attributed to fresh leafy
vegetables, United States, 1973-2012.
Epidemiol Infect. 143(14): 3011-3021.

Hoffmann, V., C. Moser, and A. Saak. 2019.
Food safety in low and middle-income
countries: The evidence through an economic
lens. World Dev. 123: 104611.

Isoni Auad, L., V. Cortez Ginani, E.
Stedefeldt, E. Yoshio Nakano, A. Costa
Santos Nunes, and R. Puppin Zandonadi.
2019. Food safety knowledge, attitudes,
and practices of Brazilian food truck food
handlers. Nutr. 11(8): 1784.

King, T., M. Cole, J. M. Farber, G.
Eisenbrand, D. Zabaras, E. M. Fox, and J.

P. Hill. 2017. Food safety for food security:
Relationship between global megatrends and
developments in food safety. Trends Food Sci.
Technol. 68: 160-175.

Kouassi, H. A. A, H. A. Andrianisa, M. B.
Traoré, S. K. Sossou, R. M. Nguematio, and
M. D. Djambou, 2023. Factors influencing
community-led total sanitation (CLTS)
implementation abandonment before
achieving open defecation-free (ODF) status:
Case study of the Central-Western Region

of Burkina Faso. Environ. Sci. Pollut. Res. Int.
30(60): 125628-125645.

33.

34.

3S.

36.

37.

38.

39.

40.

41.

42.

43.

44,

4S.

Kwol, V. S., K. K. Eluwole, T. Avci, and

T. T. Lasisi. 2020. Another look into the
knowledge attitude practice (KAP) model
for food control: An investigation of the
mediating role of food handlers’ attitudes.
Food Control 110: 107025.

Lambrecht, I., M. Schuster, S. A. Samwini,
and L. Pelleriaux. 2018. Changing gender
roles in agriculture? Evidence from 20 years

of data in Ghana. Agric. Econ. 49(6): 691-710.

Liao, X., T. P. L. Nguyen, and N. Sasaki.
2022. Use of the knowledge, attitude, and
practice (KAP) model to examine sustainable
agriculture in Thailand. Reg. Sustain. 3(1):
41-52.

Loépez-Galvez, F,, P. A. Gémez, F. Artés,

F. Artés-Hernandez, and E. Aguayo. 2021.
Interactions between microbial food safety
and environmental sustainability in the fresh
produce supply chain. Foods 10(7): 1655.

Luna-Guevara, J. J., M. M. Arenas-
Hernandez, C. Martinez de la Pefia, J.

L. Silva, and M. L. Luna-Guevara. 2019.
The role of pathogenic E. coli in fresh
vegetables: Behavior, contamination factors,
and preventive measures. Int. J. Microbiol.
2019(1): 2894328-2894337.

Mabe, F. N., K. Talabi, and G. Danso-
Abbeam. 2017. Awareness of health
implications of agrochemical use: Effects
on maize production in Ejura-Sekyedumase
municipality, Ghana. Adv. Agric. 2017(1):
7960964.

Machado-Moreira, B., K. Richards, F.
Brennan, F. Abram, and C. M. Burgess. 2019.
Microbial contamination of fresh produce:
What, where, and how? Compr. Rev. Food Sci.
Food Saf. 18(6): 1727-1750.

Macieira, A., J. Barbosa, and P. Teixeira, 2020.

Food safety in local farming of fruits and
vegetables. Int. J. Environ. Res. Public Health
18(18): 9733.

Madilo, E. K., Islam, M. N,, Letsyo, E., Roy,
N., Klutse, C. M., Quansah, E., Darku, P. A.
and Amin, M. B. 2023. Foodborne pathogens
awareness and food safety knowledge of
street-vended food consumers: A case of
university students in Ghana. Heliyon, 9(7):
el779S.

Mahuny, G. K., M. Osei-Kwarteng, M. C.
Ogwu, and N. A. Afoakwah, 2024. Safe food
handling techniques to prevent microbial
contamination. In food safety and quality in
the Global South. Springer Nature Singapore.

Majid, U, A. Wasim, S. Bakshi, and J. Truong.
2020. Knowledge, (mis-) conceptions, risk
perception, and behavior change during
pandemics: A scoping review of 149 studies.
Public Underst. Sci. 29(8): 777-799.

Manolova, H., C. Jack, S. Angioloni, and A.
Ashfield. 2023. Farm safety: A study of young
farmers’ awareness, attitudes and behaviors. J.
Agromedicine 28(3): 576-586.

Mir, S. A., M. A. Shah, M. M. Mir, B. Dar,
R. Greiner, and S. Roohinejad, 2018.
Microbiological contamination of ready-to-
eat vegetable salads in developing countries

Food Protection Trends January/February

46.

47.

48.

49.

S0.

S1.

52.

53.

54.

SS.

S6.

and potential solutions in the supply chain
to control microbial pathogens. Food Control
85:235-244.

Mogren, L., S. Windstam, S. Bogvist, 1.
Vagsholm, K. Séderqyvist, A. K. Rosberg, J.
Lindén, E. Mulaosmanovic, M. Karlsson, E.
Uhlig, A. Hikansson, and B. Alsanius. 2018.
The hurdle approach-a holistic concept for
controlling food safety risks associated with
pathogenic bacterial contamination of leafy
green vegetables. A review. Front. Microbiol.
9:391226.

Mohammad, Z. H., H. Yu, J. A. Neal, K. E.
Gibson, and S. A. Sirsat. 2019. Food safety
challenges and barriers in southern United
States farmers markets. Foods 9(1): 12.

Mohd Khairi, M. T., S. Ibrahim, M. A. Md
Yunus, and M. Faramarzi, 2018. Noninvasive
techniques for detection of foreign bodies

in food: A review. J. Food Process Eng. 41(6):
e12808.

Morse, T. D., H. Masuku, S. Rippon, and
H. Kubwalo, 2018. Achieving an integrated
approach to food safety and hygiene—
Meeting the sustainable development goals
in sub-Saharan Africa. Sustainability. 10(7):
2394.

Mostafidi, M., M. R. Sanjabi, F. Shirkhan, and
M. T. Zahedi. 2020. A review of recent trends
in the development of the microbial safety of
fruits and vegetables. Trends Food Sci. Technol.
103: 321-332.

Motarjemi, Y. 2023. Food safety
management: A practical guide for the food
industry: The story behind the book. in food
safety management. Academic Press.

Nanyim, J. K., A. M. Mutaru, C. Gbeti,

A. R.Issahaku, A. Abubakari, and A.
‘Wumbei. 2024. Socio-cultural and economic
determinants of latrine ownership and
utilisation: A community-based survey in
Bole district of Ghana. BMC Public Health
24(1): 3027.

Ndegwa, J. K., B. M. Gichimu, J. N.
Mugwe, M. Mucheru-Muna, and D. M.
Njiru. 2023. Integrated soil fertility and
water management practices for enhanced
agricultural productivity. Int. J. Agron.
2023(1): 8890794

Nguyen, A. T., B. X. Tran, H. T. Le, X. T.

Le, K. N. Do, H. T. Do, G. T. Vi, L. H.
Nguyen, C. A. Latkin, C. S. Ho, and R. C. Ho.
2018. Customers’ knowledge, attitude, and
practices towards food hygiene and safety
standards of handlers in food facilities in
Hanoi, Vietnam. Int. J. Environ. Res. Public
Health 15(10): 2101-2110.

Nicola, S., G. Cocetta, A. Ferrante, and A.
Ertani. 2022. Fresh-cut produce quality:
Implications for postharvest, in postharvest
handling. Academic Press.

Norris, C. E., and K. A. Congreves. 2018.
Alternative management practices improve
soil health indices in intensive vegetable
cropping systems: A review. Front. Environ.
Sci. 6: 50-68.



S7.

S8.

S9.

60.

61.

62.

63.

64.

6S.

Osafo, R., G. L. Balali, P. K. Amissah-
Reynolds, F. Gyapong, R. Addy, A. A.
Nyarko, and P. Wiafe. 2021. Microbial and
parasitic contamination of vegetables in
developing countries and their food safety
guidelines. J. Food Qual. 2022(1): 4141914-
4141937.

Osei, M. K., J. Adjebeng-Danquah, K. F.
Egbadzor, A. S. Osuman, E. A. Adjei, S. O.
Abebrese, S. O. Melomey, and R. Y. Agyare.
2020. Vegetable seed production: prospects
and challenges: the case of Ghana. Adv. Seed
Prod. Manag. 91-117.

Osei-Kwarteng, M., M. C. Ogwu, G. K.
Mahunu, and N. A. Afoakwah, 2024. Post-
harvest food quality and safety in the global
south: Sustainable management perspectives.
Food Safety and Quality in the Global South.
Springer Nature.

Parker, J. S., J. DeNiro, M. L. Ivey, and D.
Doohan. 2016. Are small and medium scale
produce farms inherent food safety risks? J.
Rural Stud. 44: 250-260.

Parry-Hanson, K. A., D. B. Ofosu, E.
Aboagye, and K. Tano-Debrah. 2016. Food
safety knowledge, attitudes and self-reported
practices of food handlers in institutional
food service in Accra, Ghana. Food Control
69: 324-330.

Pretty, J., J. Morison, and R. Hine. 2003.
Reducing food poverty by increasing
agricultural sustainability in developing
countries. Agric. Ecosyst. Environ. 95(1):
217-234.

Priiss-Ustiin, A., J. Wolf, C. Corvaldn,

R. Bos, and M. Neira. 2016. Preventing
disease through healthy environments: a
global assessment of the burden of disease
from environmental risks. World Health
Organization.

Qi-Chun, Z., H. S. Imran, X. Dan-Ting, W.
Guang-Huo, L. Xian-Yong, J. Ghulam, H.
Nazim, and N. C. Arshad. 2012. Chemical
fertilizer and organic manure inputs in soil
exhibit a vice versa pattern of microbial
community structure. Appl. Soil Ecol. 57: 1-8.

Quarcoo, G., L. A. Boamah Adomako, A.
Abrahamyan, S. Armoo, A. A. Sylverken, M.
G. Addo, S. Alaverdyan, N. S. Jessani, A. D.

Harries, H. Ahmed, R. A. Banu, S. Borbor, M.
O. Akrong, N. A. Amonoo, E. M. Bekoe, Y. M.

Osei-Atweneboan, and R. Zachariah. 2021.
What is in the salad? Escherichia coli and
antibiotic resistance in lettuce irrigated with

various water sources in Ghana. Int. J. Environ.

Res. Public Health 19(19): 12722.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Reuben, R. C., M. M. Danladi, D. A. Saleh,
and P. E. Ejembi. 2021. Knowledge, attitudes
and practices towards COVID-19: An
epidemiological survey in North-Central

Nigeria. J. Community Health 46(3): 457-470.

Rezaei, R., S. Mianaji, and A. Ganjloo. 2018.
Factors affecting farmers’ intention to engage
in on-farm food safety practices in Iran:
Extending the theory of planned behavior. J.
Rural Stud. 60: 152-166.

Sacolo, H., M. Chimbari, and C. Kalinda.
2018. Knowledge, attitudes, and practices
on schistosomiasis in sub-Saharan Africa: A
systematic review. BMC Infect. Dis. 18: 1-17.

Schreinemachers, P., E. B. Simmons, and M.
C. Wopereis. 2018. Tapping the economic
and nutritional power of vegetables. Glob.
Food Sec. 16: 36-45.

Selim, M. M. 2020. Introduction to the
integrated nutrient management strategies
and their contribution to yield and soil
properties. Int. J. Agron.2020(1): 2821678.

Shubha, K., N. R. Singh, A. Mukherjee, A.
K. Dubey, and R. K. Ray. 2020. Organic
vegetable production and its impact on soil,
environment and society, p. 191-208. In
Advances in Organic Farming Woodhead
Publishing.

Singh, R., and A. K. Puniya. 2024. Role of
food safety regulations in protecting public
health. Indian J. Microbiol. 64: 1376-1378.

Samane, S., I. Kunda, K. Knickel, A. Strauss,
T. Tisenkopfs, L. des Ios Rios, M. Rivera, T.
Chebach, and A. Ashkenazy. 2018. Local and
farmers' knowledge matters! How integrating
informal and formal knowledge enhances
sustainable and resilient agriculture, J. Rural
Stud. 59: 232-241.

Sun, S., and J. Han. 2021. Open defecation
and squat toilets, an overlooked risk of
fecal transmission of COVID-19 and other
pathogens in developing communities.
Environ. Chem. Lett. 19(2): 787-795.

Trung, T.N,, D. N. Log, S. L. Rattiya, and G.
Ulrike. 2017. Determinants of farmers’ land
use decision-making: comparative evidence
from Thailand and Vietnam, World Dev. 89:
199-213.

Tudi, M., H. Daniel Ruan, L. Wang, J. Lyu,
R. Sadler, D. Connell, C. Chu,and D. T.
Phung. 2021. Agriculture development,
pesticide application and its impact on the

environment. Int. J. Environ. Res. Public Health

18(3): 1112.

January/February Food Protection Trends

77.

78.

79.

80.

81.

82.

83.

84.

Tuglo, L. S., P. D. Agordoh, D. Tekpor, Z. Pan,
G. Agbanyo, and M. Chu. 2021. Food safety
knowledge, attitude, and hygiene practices of
street-cooked food handlers in North Dayi
District, Ghana. Environ. Health Prev. Med.
26(1): 54-66.

Uguly, I, K. Ahmad, Z. I. Khan, M. Munir, K.
Wajid, and H. Bashir, 2021. Effects of organic
and chemical fertilizers on the growth, heavy
metal/metalloid accumulation, and human
health risk of wheat ( Triticum aestivum L.).
Environ. Sci. Pollut. Res. 28: 12533-125435.

Wallace, F., N. Mittal, E. Lambertini, and

S. Nordhagen. 2022. Vendor knowledge,
attitudes, and practices related to food safety
in low- and middle-income countries: A
scoping review. J. Food Prot. 85(7): 1069-
1078.

Wongta, A., N. Sawarng, P. Tongchai, P. Yana,
and S. Hongsibsong. 2024. Agricultural health
and safety: Evaluating farmers’ knowledge,
attitude, and safety behavior in northern
Thailand. Saf. Health Work 15(4): 435-440.

Yahia, E. M., P. Garcia-Solis, and M. E. M.
Celis. 2019. Contribution of fruits and
vegetables to human nutrition and health,
p. 19-45. In Postharvest physiology and
biochemistry of fruits and vegetables.
Woodhead Publishing.

Zang, L., Y. Wang, J. Ke, and Y. Su. 2022.
What drives smallholders to utilize socialized
agricultural services for farmland scale
management? Insights from the perspective of
collective action. Land 11(6): 930-954.

Zinkernagel, J., J. F. Maestre-Valero, S. Y.
Seresti, and D. S. Intrigliolo. 2020. New
technologies and practical approaches to
improve irrigation management of open field
vegetable crops. Agric. Water Manag. 242:
106404.

Zuin, V., C. Delaire, R. Peletz, A. Cock-Esteb,
R. Khush, and J. Albert. 2019. Policy diffusion
in the rural sanitation sector: lessons from
Community-Led Total Sanitation (CLTS).
World Dev. 124: 104643.

59




