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Abstract: Safe food is crucial for human health and well-being. Fruit and vegetables are essential for human diet as they provide
providing vitamins, minerals, phytochemicals, and fibre, which are associated with a lower risk of cardiovascular disease and obesity.
However, they are also a potential source of microbial contamination that can lead to food-borne infections. The aim of this study was to
reveal the helminth egg contamination of leafy green vegetables for sale to humans in Kirsehir province. A total of 60 fresh leafy green
vegetable samples (parsley, rocket, peppermint, purslane, and spinach) obtained from markets and bazaars were examined
microscopically. Helminth eggs were detected in 3 (5%) of the 60 vegetables, specifically in rocket (1/12), spinach (1/12), and purslane
(1/12) samples. These results highlight that unwashed or poorly washed leafy green vegetables pose a risk of parasite egg exposure and
emphasize the importance of consumers adhering to proper hygiene practices before consumption. This study provides the first data on

parasitic contamination of leafy green vegetables sold in markets and bazaars in Kirsehir province, Tiirkiye.
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1. Introduction

Vegetables and fruit are an important part of the human
diet all around the globe. They provide important
nutrients, such as vitamins, minerals, dietary fiber, and
phytochemicals, and offer protection against chronic
diseases (Mazzoni etal,, 2021; Erol et al,, 2023; Irma et al,,
2023). A diet rich in vegetables is closely associated with
to improved gastrointestinal health and vision, as well as
a lower risk of heart disease, stroke, diabetes, certain
cancers, and protects and promotes mental well-being
(Dias, 2012; Fismen et al.,, 2024). Moreover, the growing
demand for easy and quick-to-eat, high-quality, and
organic food has led to an increase in raw food
consumption of vegetables (Li et al., 2020; Alneyadi et al.,
2024). For example, the consumption of lettuce in the USA
has increased significantly in the last decade (12.0
kg/person/year) (Esmael et al., 2023).

Food contaminated with harmful levels of pathogens and
chemical or physical substances can cause acute or
chronic illnesses - including more than 200 diseases
(WHO, 2020). Despite all these benefits, fresh leafy green
produce is susceptible to contamination throughout the
entire process, from production to consumption (Esmael
etal, 2023). The main routes of pathogenic contamination
during vegetable production include farm and municipal
waste, as well as irrigation water sources contaminated
with human or animal feces (wild or domestic animals)
(Bilgi¢ et al, 2023). Among these pathogens, several

protozoal cysts (Entamoeba spp. Giardia intestinalis,
Blastocystis spp.), oocysts (Cryptosporidium parvum,
Cyclospora spp., Isospora spp. Toxoplasma spp.), and
helminth eggs and larvae (Strongyloides spp, Trichuris
trichiura, Enterobius vermicularis, Fasciola hepatica,
Ascaris lumbricoides, Toxocara spp., Taenia spp.) play an
important role in contamination (Balali et al, 2020).
Despite the dominance of bacteria in foodborne diseases,
neglected parasitic foodborne diseases can be serious and
even fatal (Bosch et al, 2018; Robertson, 2018). In
addition, helminth-borne diseases affect a quarter of the
world's population and cause significant health problems
(Jourdan et al.,, 2018).

To date, the presence of vegetable-borne pathogenic
diseases has been reported from many different countries,
including Tiirkiye. However, no study has been conducted
to determine the parasitic contamination of vegetables
sold in Kirsehir. In this context, the present study aimed to
determine the contamination of fresh vegetables with
helminth eggs, sampled from local markets and bazaars in
the Kirsehir province.

2. Materials and Methods

2.1. Study Area

This study was carried out in Kirsehir province, located in
the Central Anatolian Region of Tiirkiye. Kirsehir province
has cold, snowy winters and hot, dry summers. The
average annual temperature is +11.3 °C, and the annual
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rainfall is less than 400 mm (http://www kirsehir.gov.tr).
Agriculture and animal husbandry are the primary
economic activities in this region.

2.2. Sample Collection

A total of 60 unwashed and pre-washed vegetables,
including parsley (n=12), rocket (n=12), peppermint
(n=12), purslane (n=12), and spinach (n=12) samples

(Figure 1) were taken from local markets and bazaars
between March to June in 2024 (Table 1). To prevent
cross-contamination, each sample was placed in a
separate nylon bag and immediately transported to the
laboratory for examination. No human or animal ethics
approval was required for the completion of this study.

Table 1. Distribution of samples that are obtained from market and bazaar

Parsley Rocket Peppermint Purslane Spinach
Market 5 4 4 10 -
Bazaar 7 8 8 2 12
Total 12 12 12 12 12
2.3. Processing samples for helminthological sediment. Approximately 50 mL of the sediment was

examination

The samples were included in the study as purchased and
without prior treatment. A sample of each vegetable was
weighed (~200 g) and placed in an Erlenmeyer flask with
physiological saline solution (0.9% NacCl). The flask was
placed on the orbital shaker plate and shaken for two
hours at 130 rpm at room temperature. The vegetable
leaves were discarded, and the resulting solution was
allowed to settle overnight. The supernatant was then
carefully decanted, ensuring minimal disturbance to the

transferred to a Falcon tube and centrifuged for 10 min at
2500xg (M'rad et al, 2020). After centrifugation, the
supernatant was decanted, and a portion of the resulting
sediment was then examined for the presence of
trematode eggs. The remaining sediment was transferred
to a 15 mL glass tube, mixed with a saturated salt solution,
and a glass coverslip was placed on top. After 15 minutes,
the coverslip was examined at 10x and 40x magnification
for the presence of cestode and nematode eggs. To ensure
quality, three slides per sample were analysed.

Figure 1. Vegetable Samples. A. Rockets, B. Purslane, C. Parsley, D. Spinach.

3. Results

Helminth egg contamination in the examined vegetables,
including parsley, peppermint, rocket, spinach, and
purslane is presented in Table 2. Helminth eggs were
detected in 3 (5%) of 60 vegetables, including purslane
(1/12), rocket (1/12), and spinach (1/12). Morphological

analysis of the detected helminth eggs revealed them to be
of the ascarid type (Figure 2). Although other helminth
eggs or larvae (e.g, Toxocara, Strongyloides) have been
reported in similar studies, only ascarid-type eggs were
observed in our samples.
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Table 2. Distribution of helminths eggs contamination in vegetable samples in Kirsehir

Vegetables No. of Positive (%) No. of Negative Total
Parsley - 12 12
Rocket 1(8.3) 11 12
Peppermint - 12 12
Spinach 1(8.3) 11 12
Purslane 1(8.3) 11 12
Total 3(5) 57 60

1

Figure 2. The identified helminth egg in purslane sample
in this study (40X magnification).

4. Discussion

Despite health advances and preventive measures,
foodborne diseases remain unexpectedly high in both
developed and developing countries. The World Health
Organisation (WHO) estimates that 600 million people
worldwide fall ill each year after consuming contaminated
food (WHO, 2022). While there are many benefits to eating
fruit and vegetables, eating raw or insufficiently washed
fruit and vegetables carries the risk of contracting
pathogen-borne diseases (Tangi et al., 2023). In our study,
very few helminth eggs were identified with a low
contamination rate (5%). Compared to previous findings
in Tirkiye, this result is relatively similar to those of
Kozan et al. (2005) [5.9%], Avcioglu et al,, (2011) [3.0%)],
Adanir and Tasci (2013) [6.3%] and Erol et al. (2023)
[9.1%], but significantly lower than those of Bilgic et al.
(2023) [26.2%], Erez et al,, (2022) [13.5%] and Kartal et
al. (2024) [16.6%], and slightly higher than that of
Aydenizoz et al. (2017) [1.0%]. Ulukanligil et al. (2001)
conducted a comprehensive study in Sanliurfa and found
high levels of helminth contamination (59.5%) in fecal
samples from farmers, irrigation water, soil samples, and
locally grown vegetables. These observations could be due
to differences in the sensitivity of the techniques used in
the different studies, as well as differences in geographical
location, sample size, origin and type of vegetable samples,
and the seasons in which the samples were collected.
When local climatic conditions are unfavourable, the

demand for green vegetables in Kirsehir is met by imports
from other regions. In the late spring and summer,
however, locally grown produce from rural areas and
villages is sold at local markets and bazaars, alongside
imported vegetables. The origin and growing conditions of
the samples used in this study are unknown.

Ascarids are widespread nematodes that primarily infect
the small intestine of their hosts, which include several
domestic animals, wildlife species, and humans. Especially
in humans, ascariasis can have acute and chronic
manifestations, the latter being associated with significant
nutritional and growth deficits (Else et al., 2020). In
addition to the physical effects, recent investigations have
also indicated that Ascaris infections can affect mental
processing in some school children (O'lorcain and
Holland, 2000; Drake et al., 2020). From this perspective,
ascariasis is an important but neglected disease (Holland
et al, 2022). The results of our study reinforce the
understanding that foodborne pathogens pose a threat to
public  health, especially for children and
immunocompromised individuals.

The contamination of vegetables by microbial agents can
occur at any point in the production chain (Balali et al,,
2020). Gil et al. (2015) categorised the sources of
contamination into two broad groups: pre-harvest and
post-harvest. Pre-harvest sources of contamination
include the soil in which the vegetables are grown,
irrigation water, dust, improperly composted manure, and
human interaction with the product. In addition to
irrigation water, rain also contaminates leafy vegetables
with soil particles (da Costa Dantas et al, 2023). Post-
harvest contamination sources include feces, harvesting
and packaging equipment, human handling, insect
vectors, and rinsing water. All of this information
highlights the risks associated with consuming raw fruit
and vegetables without proper washing and emphasises
the need to strictly adhere to washing procedures.

5. Conclusion

To summarise, this study is the first to reveal parasitic
contamination of green vegetables sold in Kirsehir
province. It is crucial for producers and consumers to
comply with the required maximum hygiene standards. In
addition, the relevant state institutions must take the
necessary measures to raise public awareness and
municipalities should prioritise public health in the
disposal of solid and liquid waste.
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