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ABSTRACT

	In N'Djamena, amaranth, a leafy vegetable, plays a vital role in providing a healthy, balanced, and sustainable diet for city dwellers. It also generates income for producers located within the city. However, due to certain constraints, its production is subject to increasing pressures on land and public health. The main objective of this study was to assess the degree of microbial contamination of amaranth (Amaranthus hybridus L.) from urban market gardens in N'Djamena. The study was conducted between April and June 2025. The samples consisted of 30 amaranth specimens. The microbiological quality of the samples was assessed by counting the Colony Generating Units (CGUs) of total coliforms, Escherichia coli, Staphylococcus aureus, and Salmonella spp Microbiological analyses revealed contamination rates of 70% for coliforms, 63.33% for E. coli, 13.33% for Staphylococcus aureus, and 23.33% for Salmonella spp. These results reflect the sanitary conditions of the environment in which amaranth is produced, as well as the hygiene practices of producers and certain agricultural practices. Despite its nutritional importance, amaranth poses significant health risks that must be prevented and controlled to ensure its safety and prevent foodborne illnesses. Therefore, it is necessary to improve the production environment and train producers on basic hygiene rules and good agricultural practices.
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1. INTRODUCTION

Fresh vegetables from urban farms play a vital role in improving the food and nutritional security of city dwellers. They are very important and essential foods for a healthy, balanced, and sustainable diet (Florent et al., 2023). They are considered a source of many nutrients, particularly antioxidants and dietary fiber, which are necessary for maintaining normal physiological functions in humans, and their consumption is very useful in several diseases (Ngweme et al., 2020; 2021a; 2021b; Azzi & Khineche, 2018; Boeing et al., 2012). Epidemiological studies indicate that a high consumption of fruits and vegetables is associated with a lower risk of chronic diseases, particularly cardiovascular diseases (Mirriran et al. 2009; Hung, et al., 2004; Rissanen, et al., 2003), type 2 diabetes (Harding, et al., 2008) and some cancers (WCRF, 2007).
Amaranth is among the most consumed market garden vegetables in South Asian and sub-Saharan African countries (Ngweme and al., 2020; 2021a). It is the most consumed and traded green vegetable in sub-Saharan Africa due to its texture and mild flavor (Mariama and Ayouba, 2023). Amaranth is a traditional vegetable whose leaves and seeds are consumed in various forms (Písaříková et al., 2005; Mburu et al., 2012). This leafy vegetable is an excellent source of trace elements and some vitamins. It is a very important vegetable for the human diet because it is an excellent source of trace elements, manganese, magnesium, phosphorus, and vitamin C (Mukeba et al., 2023). Amaranth has a caloric value of 43.4 kcal, crude protein of 2.1%, a moisture content of 87.9%, a carbohydrate content of 7.7%, crude fiber of 1.93%, and crude fat of 0.47% (Mukeba et al., 2023; Azi et al, 2018).
Amaranth leaves are rich in protein, beta-carotene, iron, and calcium, and are recommended for improving the diet of individuals deficient in provitamin A or vitamin C (Agré et al., 2016). However, throughout the production chain, amaranth can be contaminated by pathogenic microorganisms. Exposure to pathogenic microorganisms through the consumption of this contaminated produce can have serious health consequences for city dwellers. In the city of N'Djamena, it is not uncommon to find that some farming practices are carried out under unsatisfactory conditions with regard to hygiene standards (Nazal et al., 2019). This is often compounded by an unsanitary production environment. The objective of this study is to assess the degree of microbial contamination of amaranth from urban market gardening in N'Djamena in order to propose control measures and control of the sanitary quality of this product.
2. materialS and methods

[image: E:\urgence\MASTER\UNDJ\Madjiram\photo recherche\IMG-20240723-WA0399.jpg][image: E:\urgence\MASTER\UNDJ\Madjiram\20241029_103046.jpg][image: E:\urgence\MASTER\UNDJ\Madjiram\photo recherche\IMG-20240723-WA0402.jpg]The study was conducted in the city of N'Djamena. This city is located between 12° and 13° North latitude and between 15° and 16° East longitude, at an altitude of between 287 and 303 meters. The city covers 354.7 km², or 35,470 hectares (Bayang, 2023). Its population is estimated at 1,655,618 inhabitants in 2024. The climate is Sahelian, characterized by alternating dry and rainy seasons. The average annual rainfall is 556 mm, and the average annual temperature is 27.8°C. The hydrographic network consists of the Chari and Logone rivers and numerous streams, fed by rainwater. The study focuses on market gardens producing amaranth in the city of N'Djamena.





Fig. 1. Amaranth in the market gardens of N'djamena
The samples, collected under sterile conditions, consisted of 30 fresh amaranth samples taken from market gardens producing this vegetable in the city of N'Djamena. Five farms were randomly selected. Six samples were taken from each farm. Only amaranth that was ready for market was considered. Samples were taken randomly from different locations within each farm. The amaranth samples were collected under sterile conditions using sterile, single-use gloves to prevent external contamination. Each sample, consisting of 100g of amaranth, was placed in a sterile, labeled plastic container. All samples were then transported in a cooler to the laboratory for microbiological analysis.
The microbiological quality of the samples was assessed by counting Colony Forming Units (CFU) of total coliforms, Escherichia coli, Staphylococcus aureus and Salmonella spp.
A 25g aliquot of each sample was diluted in 225 mL of buffered peptone water and then ground in a stomacher. After revitalization of the stock solution, 1 mL was taken and returned to 9 mL of buffered peptone water to establish the initial dilution (10⁻¹). A series of cascading decimal dilutions were performed under aseptic conditions from 1 mL of each stock suspension and used for microorganism enumeration.
Coliforms bacteria at 37°C were detected on VRBL medium by incubation at 44-47°C for 24 hours. Enumeration of all characteristic colonies was performed according to ISO 4832 (2006). 
For the determination of Escherichia coli, TBX culture medium was incubated at 44°C ±1°C for 18 to 24 hours. Enumeration of all characteristic colonies was performed according to ISO 16649-2 (2001).
Coagulase positive Staphylococcus aureus enumeration was counted in accordance with ISO 6888-1 (2018) on CHAPMAN selective medium after incubation at 37 °C for 24 to 48 hours.
Salmonella spp testing was performed according to standard NF EN ISO 6579 (December 2002). Isolation was performed on Xylose Lysine Deoxycholate (XLD) and Hektoen selective media, which inhibit the growth of competing bacteria and allow for visual examination of presumptive Salmonella spp. colonies. Petri dishes were incubated at 37°C for 24 ± 3 hours for XLD and 24 to 48 hours for Hektoen. API E20 strips were used for confirmatory testing.
The results obtained were expressed in colony forming units per plate. The bacterial load N (CFU/g) of the sample was calculated according to ISO 7218 (2007). To assess the microbiological quality or conformity of the analyzed amaranth samples, a two-class sampling plan was used.
Table 1: Microbiological tolerance criteria relating to amaranth produced
	Microorganisms
	Methods
	Microbiological criteria in CFU/g

	Coliforms at 37°C
	NF ISO 4832 (2006)
	≤ 103

	Escherichia coli
	NF ISO 16649-2(2001)
	≤ 10²

	Staphylococcus aureus
	NF ISO 6888-1 (2018)
	≤ 103

	Salmonella spp
	NF ISO 6579 (2017)
	Absent in 25 g


The analysis data were coded and entered into Excel 2016. Descriptive statistics were used for the variables.
 
3. results  AND discussion


3.1 Contamination of amaranth by coliforms at 37 °C
The results of the coliform count at 37°C in samples of amaranth produced in the city of N'Djamena are given in Figure 2. In general, 30% of the samples were not contaminated by coliforms and 70% of the samples were contaminated by coliforms.
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Fig. 2. Coliform conformity rate at 37°C in amaranth
3.2 Contamination of amaranth by Escherichia coli

Figure 3 shows the levels of contamination of amaranth produced by E. coli. The results of the E. coli count showed that 63.33% of the amaranth samples were of non-compliant microbiological quality, according to the defined standard, and 36.67 % of the samples were compliant.
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Fig.3. Escherichia coli conformity rate in amaranth 

3.3 Contamination of amaranth by Staphylococcus aureus

The enumeration of presumed pathogenic Staphylococcus aureus in amaranth produced on market gardens in N'Djamena showed that 13.33 % of the samples were contaminated (non-compliant). 86.67% of the samples were free of this pathogen (compliant).
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Fig. 4. Staphylococcus aureus conformity rate in amaranth

3.4 Contamination of amaranth by Salmonella spp

Figure 5 shows the results of the Salmonella count in amaranth from the study area. Salmonella was detected in 23.33% of the samples analyzed. This bacterium was absent in more than two-thirds of the samples (76.67%).
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Fig. 5. Salmonella spp. conformity rate in amaranth


This study highlighted the presence of total coliforms, Escherichia coli, Staphylococcus aureus, and Salmonella spp. in amaranth from market gardens in N'Djamena. The presence of these bacteria in this leafy vegetable could be explained by certain practices that pose a risk of biocontamination. Studies conducted by Toé (2018), Koffi-Nevry et al. (2011), and Wognin (2014) have shown that manure used for soil amendment, irrigation water, and the soil in which vegetables are grown in Abidjan are veritable breeding grounds for virulent strains of E. coli and Salmonella serotypes.
Coliforms at 37°C were detected in 70% of the amaranth samples analyzed. The majority of the samples analyzed (63.33%) were contaminated with Escherichia coli. The presence of coliforms and Escherichia coli in market garden produce indicates poor hygiene in production, which may stem from the producer (or labor), production equipment, and/or the immediate environment of the production site. The presence of Escherichia coli confirms fecal contamination, likely from human sources, and therefore from the producer or passersby, especially since the sites are not protected (Nazal, 2021). According to Louise et al. (2016), the presence of fecal coliforms and Escherichia coli in the samples indicates poor hygiene in processing, which may stem from the processor, the equipment in contact with the product, and/or the immediate environment of the product. The high microbial load of the registered products could be attributed to factors such as poor hygiene among producers and a lack of adequate waste disposal and sanitation facilities in markets (Steele and Odumeru, 2004). This high load of fecal coliforms and Escherichia coli promotes product spoilage and poses a risk of pathogenic bacteria (Ogbonna et al., 2010).
Like Escherichia coli, Staphylococcus aureus was also present in some analyzed samples, with a non-satisfactory rate of 13.33%. The presence of this germ most often stems from environmental factors such as wind or dust, and also from contamination by the producers themselves. Poor hygiene practices among producers are frequently the cause of contamination: skin scratching, lack of handwashing, dirty and untied hair, sneezing on the product, and the absence of dressings on wounds (Nazal, 2021). Staphylococci are found in the nostrils and throats of vendors or those who prepare food (Ramasastry, 1999).
The presence of staphylococci in food is often due to contamination by handlers who, through skin scratching, sneezing, or unkempt hair, can contaminate raw materials and meals, especially during distribution, with their hands and hair. It is therefore necessary for all producers to undergo regular health checks through medical visits to prevent such contamination. 
Salmonella was present in 23.33% of the samples analyzed. The study conducted by Samaké et al. (2011) in the urban and peri-urban areas of Bamako (Mali) detected Salmonella on all plants from all the sites studied, with levels ranging from 47 ± 4.3 to 4 ± 2.8 depending on the location. The identification of Salmonella spp. confirms the direct contamination of these leafy vegetables by irrigation water (Nazal et al., 2023). This detection of Salmonella spp. in amaranth constitutes a serious health concern. The presence of Salmonella and Staphylococcus in food indicates its unsafe condition (Sylla & Seydi, 2003).
Amaranth production in the market gardens of N'Djamena reveals practices that have significant consequences for consumer health. Amaranth can be contaminated by pathogenic microorganisms at every stage of the production chain. The farm environment, cultivation practices, and harvesting methods could all be sources of microbiological contamination of the resulting produce. Indeed, amaranth farms are located along roadsides and in unfenced plots. To irrigate their crops, farmers sometimes use well water, borehole water, or wastewater of dubious quality. The organic fertilizer used also has negative impacts on consumer health. There is a risk of pathogenic microorganisms contaminating the vegetables through the soil. A lack of personal hygiene among the farmers has also been observed.
The results of this study confirm the need for good hygiene and agricultural practices in urban market gardens, particularly those producing amaranth. Inadequate hygiene policies will lead to increased biological contamination, potentially resulting in the development of pathogenic microorganisms (salmonella, streptococci, clostridium, coliforms, staphylococci) and a risk of foodborne illness (Barro et al., 2002). Fresh vegetables provide a favorable environment for the growth of microorganisms, whether pathogenic or indicators of contamination and poor hygiene (Nazal, 2021). Microorganisms are generally not dangerous from a health perspective except in cases of extremely abundant proliferation or particular consumer sensitivity (Anin et al., 2016).
5. Conclusion

This study shows that the amaranths produced are contaminated with total coliforms, Escherichia coli, Staphylococcus aureus, and Salmonella spp. The presence of these bacteria, exceeding established limits to protect consumer health, affects the microbiological quality of this leafy vegetable, resulting in substandard microbiological quality. Samples with substandard microbiological quality reflect the sanitary conditions of the environment in which they were produced, as well as the hygiene of producers and some agricultural practices. The sanitary quality of this leafy vegetable is therefore questionable and poses a danger to consumers. Consequently, the risk to consumer health is significantly increased when this vegetable is consumed. Producing amaranth of good microbiological quality requires adherence to numerous hygiene rules for producers and the production environment, as well as good agricultural practices. At the market garden level, it is necessary to improve the production environment. Furthermore, it is urgent to train producers, who are often unaware of basic hygiene rules and good agricultural practices. From a research perspective, it would be very interesting to investigate further the source of amaranth contamination.   
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