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ABSTRACT
Background: Fresh vegetables play crucial roles in a healthy diet and are widely consumed for their nutritional and medicinal value. However, in recent years, there has been a rise in the number of reported cases of foodborne illnesses caused by intestinal parasites associated with consuming fresh vegetables. This study aimed to determine the prevalence of parasitic contamination of Solanum aethiopicum (African garden eggs) sold in Port Harcourt and assess the level of vendors' awareness of health risks and implications.
[bookmark: _GoBack]Methods: Garden egg samples were purchased from vendors in Mile 3, Mile 1, and Ozuoba Markets. Garden eggs were washed with normal saline, and the sediments were obtained for microscopic examination using Direct wet mount with normal saline, Lugol's iodine, and modified Ziehl-Neelsen staining. Statistical analysis was performed using GraphPad Prism Software Version 9.0, San Diego, California, United States of America
Results: Results from the study showed a prevalence of 22% parasitic contamination in the three selected markets, with a statistical significance of P < 0.05. Seventy-three percent (73%) parasitic contamination rate was detected from the examined Mile 3 market samples, which consisted of Balantidium coli (81.8%) and Taenia species (18.1%). No parasites were detected in the examined Mile 1 market samples (0%) and Ozuoba market samples (0%). 
Conclusion: These findings highlight the level of parasitic contamination and warrant the need to identify the sources of vegetable (Eggplant) contamination. Proper hygiene, such as hand hygiene and good environmental sanitation, is recommended. 
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1. INTRODUCTION 
 Fresh vegetables such as Solanum aethiopicum (African garden egg) are sold as one of the green fruits in Rivers State's popular Market. Some individuals consume for their nutritional and medicinal value. Vegetables such as African garden eggs (Solanum aethiopicum), nutritionally beneficial, may become vehicles of parasitic transmission if not properly handled. The crop is rich in macro and micronutrients compared with other vegetables and is suitable for ensuring food and nutritional security [1,2].  African eggplant (Solanum aethiopicum) is a common vegetable eaten raw in both rural and urban communities of Africa [3]. It also possesses several medicinal properties and is currently employed in the treatment of high blood pressure, diabetes, cholera, uterine complaints, as well as skin infections in humans [4]. The crop is cultivated by traditional African eggplant (Solanum aethiopicum) is a common vegetable eaten raw in both rural and urban communities. The crop is rich in both macronutrients and micronutrients compared with other vegetables and is suitable for ensuring food and nutritional security [5]. It also possesses several medicinal properties and is currently employed in the treatment of high blood pressure, diabetes, cholera, uterine complaints, as well as skin infections in humans [7,8,9]. The crop is predominantly cultivated by traditional farmers and plays an important role in the subsistence and economy of poor farmers, as well as a source of food for consumers throughout the developing world. However, Solanum aethiopicum is eaten raw and can be an important source of some food-borne illness if they are contaminated by parasites and other pathogenic microorganisms, which presents the need for this study.
 Farmers play an important role in the subsistence and economy of poor farmers as well as a food source for consumers throughout the developing world. However, Solanum aethiopicum is eaten raw and can be an important source of some food-borne illness if they are contaminated by parasites and other pathogenic microorganisms.
Protozoa such as Giardia lamblia, Entamoeba histolytica, Cryptosporidium spp., and helminths including Ascaris lumbricoides and Trichuris trichiura are commonly implicated [10,11, 13]
In Nigeria, the consumption of raw vegetables such as Solanum aethiopicum is associated with foodborne parasitic diseases due to poor sanitation and inadequate hygiene practices [14,15]. The contamination of these vegetables may be due to untreated wastewater for irrigation, open defecation near farmlands, poor market hygiene, and lack of proper food handling practices by vendors [16,17].
Intestinal parasitic infections are one of the most significant public health problems and serious public health concerns worldwide, and significantly in developing countries like Nigeria. Approximately 3.5 billion people were affected and causing over 450 million illnesses annually [18,19,20,21] 
2. MATERIALS AND METHODS
2.1 Study Area 
This study was conducted in Mile 3, Mile 1, and Ozuoba markets in Port Harcourt, Rivers State, Nigeria. Port Harcourt is the capital of Rivers State in Southern Nigeria. There are markets for everything from fresh produce to other commodities. However, the crowded and environmental conditions of most markets in Port Harcourt are a public health concern.
2.2 Study Design 
 This cross-sectional experimental design research was conducted from July to September 2024, and it was during the major rainy season. 
2.3 Sample Size, Collection, and Preparation
 Solanum aethiopicum (African Garden egg samples) were randomly purchased every week in the morning hours from vendors in each of the selected markets.  Each sample was placed in a sterile polythene bag, properly labeled, and immediately transported to the Medical Microbiology and Parasitology Laboratory of the Faculty of Medical Laboratory Science, Rivers State University, Nigeria, for parasitological examination. A pre-tested and structured questionnaire was used to survey the health risk assessment of parasitic contamination among vendors. The sample collection and preparation follow the method described by [22]. Garden eggs from Mile 3 market weighed 512.06g, garden eggs from Ozuoba market weighed 409.02g, and garden eggs from Mile 1 market weighed 530.02g.

2.4 Parasitological Examination
 2.4.1 Normal Saline and Iodine Wet mount
The detection and identification of parasitic ova, cysts, and larvae were carried out with a drop of normal saline and Lugol's iodine, respectively [23, 24]. Modified Ziehl–Neelsen Staining Technique was used for the detection of coccidian and Cryptosporidium oocysts as described by [25]. The preparations were examined under a light microscope. 
 2.5 Statistical Analysis Descriptive statistics and Statistical analysis were performed with GraphPad Prism Software Version 9.0, San Diego, California, United States of America. The prevalence rates and associations were calculated, and chi-square (χ²) tests were used to test the significance of parasitic contamination in the three selected markets. A p-value of <0.05 was considered statistically significant.
3. RESULTS
Table 1 shows parasitic contamination in the three selected markets. According to the table, the overall prevalence of parasitic contamination in the three selected markets is 22%, with a statistical significance of P < 0.05. 73% of parasites were detected from the examined Mile 3 market samples, which consisted of Balantidium coli (81.8%) and Taenia species (18.1%). No parasites were detected in the examined Mile 1 market samples (0%) and Ozuoba market samples (0%). 

Table 1: Parasitic Contamination in the Three Selected Markets
	

Markets
	Total No Examined
	Total Parasite Detected (%)
	Chi Square (χ2)
	P. value

	Mile 1 Market
	  18
	0 (0)
	
	

	Mile 3 Market
	  15
	11 (73.33)
	
	

	Ozuoba Market
	  17
	0 (0)
	
	

	Total
	  50
	  11 (22)
	15.68
	0.0004




Table 2 shows the percentage distribution of parasites in the three selected markets. 73% of parasites were detected in the examined Mile 3 market samples, which consisted of Balantidium coli (81.8%) and Taenia species (18.1%). No parasites were detected from the examined Mile 1 market samples (0%) and Ozuoba market samples (0%).















Table 2: Percentage Distribution of Parasites in the Three Selected Markets
	

Markets
	Total No Examined
	Total Parasite Detected (%)
	Balantidium coli 
(%)
	Taenia species (%)
	Coccidian parasites (%)

	Mile 1 Market
	  18
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	Mile 3 Market
	  15
	11 (73.33)
	9 (81.81)
	2 (18.18)
	0 (0)

	Ozuoba Market
	  17
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	Total
	  50
	  11 (22)
	
	
	




Table 3 is a survey on the health risk assessment of parasitic contamination among garden egg vendors. Twenty percent (20%) of respondents had awareness of the health risk associated with the consumption of contaminated garden eggs.  The majority of respondents (70%) indicated they do not wash garden eggs before displaying them for sale. This indicates a low level of awareness of parasitic contamination and food hygiene among garden egg vendors.

Table 3: Survey on Health Risk Assessment of Parasitic Contamination Among Garden Egg Vendors
	Variables
	Frequency (n)
	Percentage (%)

	Awareness on health risks of consuming contaminated garden eggs
	
	

	Yes
	6
	20

	No
	14
	46.67

	Unsure
	10
	33.33

	Total
	30
	100

	Washing of garden eggs before sales
	
	

	Yes
	4
	13.33

	Sometimes
	5
	16.67

	No
	21
	70

	Total
	30
	100

	Means of displaying garden eggs
	
	

	Floor
	24
	80

	Table
	2
	6.67

	Wheelbarrow
	4
	13.33

	Total
	30
	100

	Hand hygiene while handling garden eggs
	
	

	Yes
	2
	6.67

	Sometimes
	5
	16.67

	No
	23
	76.67

	Total
	30
	100

	Overall cleanliness of the market
	
	

	Good
	4
	13.33

	Average
	6
	20

	Poor
	20
	66.67

	Total
	30
	100






4. DISCUSSION  
Intestinal parasites are commonly found in developing countries, likely due to poor sanitation and insufficient personal hygiene. The consumption of raw vegetables significantly contributes to the spread of parasitic foodborne diseases. The overall parasitic contamination rate of the fifty (50) samples examined in this study was 22%. This rate is consistent with a previous study conducted in Oil Mill and Creek Road, Port Harcourt, where Entamoeba coli, Entamoeba histolytica, Balantidium coli, Ascaris lumbricoides, Giardia lamblia, Ancylostoma duodenale, and Fasciola spp. were detected with an overall prevalence of 40.3% [26]. Another recent study in Bori central market, Khana reported that Ascaris lumbricoides, Giardia lamblia, Ancylostoma duodenale and Trichuris trichiura were detected with an overall prevalence of 51.3% [27]. [28] in their study, from local markets in Port Harcourt, they equally reported 34.1% prevalence of parasitic contamination in forty-four (44) garden egg samples examined. 
In other African countries, a study in Ghana reported 57.5% parasitic contamination [29], where Balantidium coli, Strongyloides stercoralis, and Cryptosporidium oocysts were detected
The overall prevalence in this study, however, is higher than that obtained from Bauchi markets, 13.8% in vegetables and 14.3% in fruits [30] and 19.4% in Alexandria, Egypt [31]. The time of sample collection in this study was in the morning hours when there is an increased likelihood of recovering parasites from samples; variations in the geographical distribution of parasites, sanitary and socioeconomic status of the markets could be the contributing factors to differences in the results. Also, the majority of vendors (80%) in this study displayed their garden eggs on the floor close to the market roads for sale, despite the poor sanitary condition of the markets, as acknowledged by 66.67% of vendors.
In a study in Benha, Egypt a 29.6% prevalence of parasitic infections [31] was reported. However, different parasites were detected, and parasitic prevalence was lower in comparison to this study.
The difference could be due to variations in the number and quantity of different items of samples collected, as this study focused on garden eggs, processing, and laboratory methods used. For example, in the study from Ghana, vegetables were thoroughly washed twice with saline to increase recovery of parasites [32] [33]; but in the present study, samples were washed only once and allowed to sediment. In the study from Brazil, vegetable samples (lettuce, green onion, and salad) were collected between February and July, and triplicate slides were examined. Data for these studies were collected in the rainy season when the transmission, and hence the prevalence, is relatively high. All these features contribute to a higher contamination rate than in the present study.
 Hence, soil may also play a significant role in the parasitic contamination of the garden eggs [33].
In this study, Balantidium coli was the most prevalent parasite (81.8%), which is exceptionally high and indicates a high risk, as compared to [34] who reported 68% percent prevalence. This finding was similar to the previous studies where Balantidium coli was detected. Ingestion of garden eggs contaminated with Balantidium coli can lead to balantidiasis, an intestinal parasitic infection. Balantidiasis is characterized by diarrhea, often severe and can be dysentery-like; abdominal pain: cramping and discomfort; nausea and vomiting, which can accompany diarrhea; weight loss due to prolonged gastrointestinal issues and fatigue resulting from dehydration and nutrient loss. In some cases, balantidiasis can be asymptomatic, but those with weakened immune systems are at greater risk for severe complications. Proper cooking and hygiene practices can help prevent infection.
Taenia species was the second prevalent parasite found in contaminated vegetable samples (18.1%) in this study. It was not possible to separately report on the Taenia species of human medical importance because ova of Taenia species are morphologically indistinguishable. Ingestion of garden eggs contaminated with Taenia species, which are tapeworms, can lead to infections such as taeniasis or cysticercosis, depending on the specific species and lifecycle stage. Taeniasis is often asymptomatic, but can include abdominal pain, nausea, diarrhea, and weight loss.  Cysticercosis (more common with Taenia solium) occurs when eggs ingested lead to the formation of cysts in various tissues, including muscles and the brain. Neurological issues occur if cysts form in the brain, it can cause seizures, headaches, and other neurological symptoms [35]. Proper washing and cooking of vegetables can significantly reduce the risk of infection. In general, maintaining good hygiene and food safety practices is essential to prevent these infections.
5 CONCLUSIONS
In conclusion, parasitic contamination of Solanum aethiopicum in Port Harcourt markets is significant in this study. The findings highlight poor sanitation, low vendor awareness, and contamination risks of the eggplant. There is a need for vendor education on hygiene and safety, provision of clean water, and routine monitoring of vegetables in the markets. 


6 LIMITATIONS OF THE STUDY
Limitations of the study include, but are not limited to, the lack of cooperation of the vendors and funding.
 7 RECOMMENDATIONS
Based on the findings of this study, we recommend that a survey be conducted on consumer awareness to understand consumer knowledge regarding the risks of parasitic contamination. Training programs should be organized for farmers and vendors on safe handling and storage of vegetables to minimize contamination risks. Community Outreach is required to inform the public about the importance of washing vegetables thoroughly and cooking them properly to reduce the risk of parasitic contamination and infections. There is a need for the local health and environmental authorities to improve the sanitary conditions in the areas where the vegetables are sold. 
These recommendations will help to reduce and control parasitic contamination in vegetables, especially Solanum aethiopicum  (Eggplant).
ACKNOWLEDGEMENT
We are sincerely grateful to all participants for their response in active participation, especially the vendors and Laboratory personnel at Rivers State University
CONSENT
The study purpose was explained to each respondent (Vendor), and informed consent was obtained before completion of the questionnaire and collection (purchase) of the sample. 
COMPETING INTERESTS
Authors have declared that there are no competing interests that could have appeared to influence the work reported in this paper.
DISCLAIMER (ARTIFICIAL INTELLIGENCE)
Authors hereby declare that no generated AI Technologies, such as large language models such as ChatGPT, COLPILOT etc) and text-to-image generators, have been used during the writing or editing of this manuscript.
AUTHORS’ CONTRIBUTIONS
This work was carried out in collaboration among all authors. All authors read and approved the final manuscript.
REFERENCES
1. Herman, K.M., Hall, A.J. & Gould, L.H. (2015). Outbreaks attributed to fresh leafy vegetables, United States, 1973–2012. Epidemiology and Infections, 143, 3011–3021.
2. Contreras-Angulo, L., Emus-Medina, A., Gutierrez-Grijalva, E., Ambriz-Pérez, D., Elizalde-Romero, C. & Heredia, J.B. (2020). Pharmacological Potential of the Solanum Genus. In: Souza, A.V., editor. Solanum: An Overview. Plant Science Research and Practices. 1. New York: Nova Science, 185-199.
3. Nwanna, E.E., Ibukun, E.O. & Oboh, G. (2019b). Nutritional content of selected species of tropical eggplant fruit (Solanum spp) diet attenuates hepatic inflammation in high-fat fed male Wistar rats induced with streptozotocin. Food Science Nutrition, 7 (1), 109–119. 
4. Han, M., Opoku, K.N., Bissah, N.A.B. & Su, T. (2021). Solanum aethiopicum: The Nutrient-Rich Vegetable Crop with Great Economic, Genetic Biodiversity and Pharmaceutical Potential. Horticulturae, 7 (6), 126. 
5. Gurbuz, N., Uluisik, S., Frary, A., Frary, A. & Doganlar, S. (2018). Health benefits and bioactive compounds of eggplant. Food Chemistry, 268, 602–610.
6. Okafor, H., Odugbemi, A., Okezie, C. & Achebe, M. (2016). Antidiabetic and hypolipidaemic effects of garden egg (Solanum aethiopicum) leaf extract in beta-cells of streptozotocin induced diabetic male wistar rats. Annual Research Revolution Biology, 10, 1–11. 
7. Nwanna, E.E., Ibukun, E.O. & Oboh, G. (2016). Effect of some tropical eggplant fruits (Solanum spp) supplemented diet on diabetic neuropathy in experimental male Wistar rats in-vivo. Functional Foods Health Diseases, 6 (10), 661–676.
8. Nwanna, E.E., Adebayo, A.A., Ademosun, A.O. & Oboh, G. (2019a). Phenolic distribution, antioxidant activity, and enzyme inhibitory properties of eggplant (Solanum aethiopicum) cultivated in two different locations within Nigeria. Journal of Food Biochemistry, 43 (6), e12797 
9. Kaunda, J.S. & Zhang, Y.J. (2019). The genus Solanum: an ethnopharmacological, phytochemical and biological properties review. Natural Product Bioprospect, 9, 77–137. 
10. Eraky, M.A., Rashed, S.M., Nasr, M.E.S., El-Hamshary, A.M.S. & Salah, E.A. (2014). Parasitic contamination of commonly consumed fresh leafy vegetables in Benha, Egypt. Journal of Parasitology Research, 2014, 1-7.
11. Taghipour, A., Javanmard, E., Haghighi A, Mirjalali H. & Zali, M.R. (2019). The occurrence of Cryptosporidium sp. and eggs of soil-transmitted helminths in market vegetables in the north of Iran. Gastroenterology Hepatology Bed Bench, 12, 364–369.
12. Khan, A., Shaik, J.S. & Grigg, M.E. (2018). Genomics and molecular epidemiology of Cryptosporidium species. Acta Tropica, 184, 1–14.
13. Figgatt, M., Mergen, K., Kimelstein, D., Mahoney, D.M., Newman, A. & Nicholas, D. (2017). Giardiasis outbreak associated with asymptomatic food handlers in New York State, 2015. Journal of Food Protozoology, 12, 837–841.
14. Onyeaka, H., Ekwebelem, O. C., Eze, U. A., Onwuka, Q. I., Aleke, J., Nwaiwu, O. & Chionuma, J. O. (2021). Improving food safety culture in Nigeria: A review of practical issues. Foods, 10 (8), 1878.
15. Adejumoke, A. & Morenikeji, O. (2015). Prevalence of intestinal parasites in vegetables sold in major markets in Ibadan city, South-west Nigeria. Global Journal of Pure and Applied Sciences, 21, 7-12. 
16. Azim, A., Ahmed, S., Paul, S.K., Nasreen, S.A., Sarkar, S.R. & Ahmed, M.U. (2018). Prevalence of intestinal parasites in raw vegetables consumed by inhabitants of Mymensingh City. Mymensingh Medical Journal, 27:440 444.

17. Ferreira, F.P., Caldart, E.T., Freire, R.L., Mitsuka-Breganó, R., Freitas, F.M. & Miura, A.C. (2018). The effect of water source and soil supplementation on parasite contamination in organic vegetable gardens. Review Brasil Parasitology Veterenary, 27:327 337.
18. Yusof, A.M., Mohammad, M., Abdullahi, M. A., Mohamed, Z., Zakaria, R. & Waha, R.A. (2017). Occurrence of Intestinal Parasitic Contamination in Select Consumed Local Raw Vegetables and Fruits in Kuantan, Pahang. Tropical Life Sciences Research, 28 (1), 23-32.
19. Bouzid, M., Kintz, E. & Hunter, P.R. (2018). Risk factors for Cryptosporidium infection in low and middle-income countries: a systematic review and meta-analysis. PLoS Neglected Tropical Diseases, 12, e0006553.
20. World Health Organization (WHO) (2019). Foodborne illness a major public health issue in Africa. Retrieved from https://www.who.int/health-topics/foodborne-diseases#tab=tab1.
21. Nwalozie, R., Egbukele, M. and Ezenwaka C.O. (2024). Prevalence of soil-transmitted helminths among school-aged pupils in three selected Community Primary Schools in Etche Local Government Area, Rivers State, Nigeria. International Journal of Biological and Pharmaceutical Research Archive. 7(1), 115–121.
22.  Zeynudin, A., Degefa, T., Belay, T., Mumicha, J. B., Husen, A., Yasin, J., Abamecha, A. & Wieser, A. (2024). Parasitic contamination of fresh vegetables and fruits sold in open-air markets in peri-urban areas of Jimma City, Oromia, Ethiopia: A community-based cross-sectional study. Public Library of Science One, 19 (3), e0290655.
23.  AL-Ezzy, A. I. A. & Kadhim, A. T. (2021). Clinical Evaluation for the wet mount preparations versus Ziehl–Neelsen staining modifications for Diagnosis and severity scoring of Cryptosporidium parvum in children under 5 years. Diyala Journal for Veterinary Sciences, 1 (2), 126-138.
24. Hassan, A., Farouk, H. & Abdul-Ghani, R. (2012). Parasitological contamination of freshly eaten vegetables collected from local markets in Alexandra, Egypt: A preliminary study. Food Control, 26 (2), 500-503.
25. Robinson, G., & Chalmers, R. M. (2020). Cryptosporidium diagnostic assays: microscopy. Cryptosporidium: Methods and Protocols, 1-10.  
26.  Gboeloh, L. B. & Sounyo, I. I. (2021). Parasitic Contamination of Fresh Fruits and Vegetables Sold in Port Harcourt Metropolis Markets, Rivers State, Nigeria. International Journal of Tropical Disease and Health, 42 (12), 19-29. 
27. Gboeloh, L. B. (2022). Seasonal Parasitic Contamination of Vegetables Marketed in Bori Central Market, Khana Local Government Area, Rivers State, Nigeria. European Journal of Biology and Biotechnology, 3 (4), 45–50. 
28.  Tchounga, K.S., Ajuwo, A.O., Nsa, M., Cyprin, E., Oshoma, C.E., Dunga, K.E. & Ikenazo, H. (2017). Prevalence of intestinal parasites in vegetables sold in some local markets in Port Harcourt, Rivers State, Nigeria. Archives of Microbiology & Immunology, 1 (1), 41-49. 
29.  Kudah, C., Sovoe, S. & Baiden, F. (2018). Parasitic contamination of commonly consumed vegetables in two markets in Ghana. Ghana Medical Journal, 52 (2), 88-93. 
30. Istifanus, W.A. & Panda, S.M. (2018). Parasitic Agents in Fresh Fruits and Vegetables Sold in Open Markets in Bauchi, Nigeria. Journal of Food Quality and Hazards Control, 5, 84-88
31. Hassan, A., Farouk, H. & Abdul-Ghani, R. (2012). Parasitological contamination of freshly eaten vegetables collected from local markets in Alexandra, Egypt: A preliminary study. Food Control, 26 (2), 500-503.
32. Duedu, K.O., Yarnie, E.A., Tetteh-Quarcoo, P.B., Attah, S.K., Donkor, E.S. & Ayeh-Kumi, P.F. (2014). A comparative survey of the prevalence of human parasites found in fresh vegetables sold in supermarkets and open-aired markets in Accra, Ghana. BioMedCentral Research Notes, 7, 836.
33. Li, J., Wang, Z. & Karim, M.R. (2020). Detection of human intestinal protozoan parasites in vegetables and fruits: a review. Parasites Vectors, 13, 380
34. Nfongeh, J., Ghogomu, S. M., & Chuyong, G. B. (2015). Prevalence of Balantidium coli in pigs reared under different management systems in Cameroon. International Journal of Tropical Disease & Health, 9(2), 1–7
35.  Mafojane, N. A., Appleton, C. C., Krecek, R. C., Michael, L. M., & Willingham III, A. L. (2003). The current status of neurocysticercosis in Eastern and Southern Africa. Acta Tropica, 87(1), 25–33. 



2

