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ABSTRACT 

	Aims: The presence of mycotoxigenic fungi species in food crops poses significant health risks and economic losses globally. This study aims to characterize the mycotoxigenic fungal species present in rice and groundnuts and to quantify the levels of associated mycotoxins. Samples of rice and groundnuts were collected from three major markets in Kericho Town. 
 Study design: Laboratory-based experimental design was used.	Comment by Dell: Specify the types of experimental design used in the study. Is it CRD, RBD or something else?
Place and Duration of Study: Sample: Kapsuser, Kericho Town and Nyagacho markets in Kericho County. Analysis was conducted in Kenya Medical Research Institute, Nairobi, between August 2022 to August 2023.
Methodology: We included a total of 138 samples collected for the study, 69 samples of rice and 69 samples of groundnuts from vendors selling rice and/or groundnuts randomly selected. The study used the Envirologix QuickTox Kit for QuickScan Aflatoxin to analyze mycotoxin levels. 	Comment by Dell: Split this sentence to different sentences. Example ” We included a total of 138 samples in the study. This consisted of 69 samples of rice and 69 samples of groundnuts. The samples were collected from randomly selected vendors selling rice and/or groundnuts.”
Results: Data analysis was performed using SPSS Statistics and R, with statistical significance set at p<0.05. The results indicated a notable presence of varying levels of aflatoxins and fumonisins detected. These findings underscore the importance of regular monitoring and control measures to mitigate mycotoxin contamination in food supplies.
Conclusion: Mycotoxin levels, which were high above the permissible levels, pose a challenge on food safety and consequently the health of consumers. There is a very high need for raising awareness among groundnuts and rice vendors. Further research is recommended to explore effective interventions and policy frameworks to ensure food safety and public health protection.  
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1. INTRODUCTION 

[bookmark: _Hlk192378579]Mycotoxins are toxic secondary metabolites produced by certain fungi, predominantly belonging to the genera Aspergillus, Fusarium, and Penicillium. These toxic compounds pose significant health risks to humans and animals, including carcinogenic, teratogenic, neurotoxic, and immunosuppressive effects. Among the various mycotoxins, aflatoxins and fumonisins are of particular concern due to their prevalence in staple food crops and their severe health impacts. Aflatoxins, primarily produced by Aspergillus flavus and Aspergillus parasiticus (Fariha et al., 2016), are potent carcinogens and have been classified as Group 1 carcinogens by the International Agency for Research on Cancer (IARC). Chronic exposure to aflatoxins can lead to liver cancer, immunosuppression, and growth retardation in children (Sirma et al., 2018), while acute exposure can cause aflatoxicosis, characterized by severe liver damage and potentially fatal outcomes. The significance of aflatoxins in food safety is underscored by numerous studies that have documented their widespread occurrence and detrimental health effects (Probst et al., 2007).	Comment by Dell: Place?
 Fumonisins, produced by Fusarium verticillioides and Fusarium proliferatum, are predominantly associated with maize but also contaminate other crops such as rice and groundnuts (Deepa & Sreenivasa, 2017). Fumonisins interfere with sphingolipid metabolism, leading to diseases such as leukoencephalomalacia in horses, pulmonary edema in pigs, and esophageal cancer in humans. The global prevalence of fumonisins, along with their severe health impacts, highlights the need for ongoing research and intervention to mitigate their presence in food supplies ((Fandohan et al., 2005; Shephard, 2008). The contamination of food crops with mycotoxins is a global issue, exacerbated by factors such as climate change, poor agricultural practices, and inadequate storage conditions (Id et al., 2020). Studies have shown that cereals and legumes are particularly vulnerable to fungal contamination and subsequent mycotoxin production. Rice and groundnuts, essential components of the diet in many regions, are frequently contaminated with aflatoxins and fumonisins, posing significant health risks to consumers. Previous research has highlighted the widespread occurrence of mycotoxins in food crops across various regions. For instance, a study by (Udomkun et al., (2017) reported high levels of aflatoxin contamination in groundnuts from sub-Saharan Africa, attributing the contamination to factors such as high humidity, inadequate drying practices, and poor storage conditions. Mycotoxin contamination of rice and groundnuts immensely raises a lot of concern since they are not only eaten directly but also used as raw materials for other food products (Imienwanrin & Makun, 2020).  These findings emphasize the critical need for improved agricultural and storage practices to reduce the risk of mycotoxin contamination. The health impacts of mycotoxins are profound and multifaceted, hence the need for continuous monitoring and control measures to protect public health.
 Economically, mycotoxin contamination leads to significant losses through reduced market value of contaminated crops, increased healthcare costs, and decreased agricultural productivity. In regions heavily dependent on agriculture, such as sub-Saharan Africa, the economic burden of mycotoxin contamination is substantial, affecting both food security and economic stability. The economic impacts extend beyond the immediate losses, as they also influence international trade and market access, further exacerbating the challenges faced by affected regions (Bhat et al., 2010).
 Kericho County, located in the highlands of Kenya, is characterized by favorable agricultural conditions, including moderate temperatures, ample rainfall, and low evaporation rates. Despite these advantages, the region's agricultural produce is susceptible to fungal contamination due to various environmental and handling factors. Farmers in Kericho practice domestic farming, growing crops such as sorghum, tea, sugarcane, fruits (pineapples), tomatoes, maize, coffee, sweet potatoes, and barley. However, rice and groundnuts, the focus of this study, are not grown locally but are imported from neighboring counties, introducing additional risks of contamination during transportation and storage(Government of Kenya, 2018) . The reliance on external sources for rice and groundnuts introduces multiple points of vulnerability in the supply chain, where contamination can occur. Factors such as improper drying, inadequate storage facilities, and long transportation times can exacerbate the risk of fungal growth and mycotoxin production. Understanding the specific conditions in Kericho County that contribute to mycotoxin contamination is essential for developing targeted interventions to ensure the safety of these staple foods. 
The ability of fungi to produce mycotoxins is influenced by various factors, including environmental conditions, crop type, and storage practices. For instance, inadequate drying of crops post-harvest can lead to increased moisture content, providing a conducive environment for fungal growth and mycotoxin production. (Ti et al., 2019). Similarly, poor storage conditions, such as high humidity and temperature, can exacerbate the problem, leading to significant levels of contamination. Research has shown that controlling these factors can significantly reduce the risk of mycotoxin contamination, highlighting the importance of good agricultural and storage practices ((Magan et al., 2003; Miller, 2008). To mitigate the risks associated with mycotoxin contamination, several strategies have been proposed and implemented. These include good agricultural practices (GAP), such as timely harvesting, proper drying, and adequate storage of crops, as well as the use of biocontrol agents to inhibit fungal growth. Additionally, regular monitoring and testing of crops for mycotoxin levels are crucial to ensure food safety and to implement timely interventions (Bhat et al., 2010).Public awareness campaigns and education programs aimed at farmers and consumers can also play a significant role in reducing mycotoxin contamination. By understanding the risks and adopting best practices, farmers can minimize the chances of fungal growth and mycotoxin production, thereby ensuring the safety and quality of their produce. Government and non-governmental organizations have a critical role in disseminating information and providing resources to support these initiatives (Shephard, 2008). 
The literature highlights the significant threat posed by mycotoxins to food safety, public health, and economic stability. The prevalence of aflatoxins and fumonisins in staple food crops such as rice and groundnuts underscore the need for continuous monitoring, effective control measures, and public awareness to mitigate the risks associated with mycotoxin contamination. Also, most studies in Kenya on mycotoxin contamination focus on maize and groundnuts largely during production and processing stages, with very little focus on rice in urban market contamination at retail-level ( (Birgen et al., 2020 ;  Ankwasa EM, Francis I and  Ahmad T., 2021). There is also inadequate data on the burden of mycotoxins in stores of small-scale vendors where most of the urban population purchase food from. Moreover, while previous studies have examined mycotoxin levels in Kenya, there is still a paucity of data for high-altitude regions like Kericho, where unique climatic conditions may influence fungal growth and toxin accumulation. This study aims to address these gaps by undertaking a thorough examination of mycotoxin contamination in rice and groundnuts sold in Kericho's local markets. By analysing contamination levels and identifying potential risk factors related with storage and handling procedures in Kericho County, the study will give crucial data for food safety policies, mycotoxin monitoring systems, and public health protection. The findings will also help to raise awareness among vendors and consumers about mycotoxin hazards and best practices for contamination prevention, resulting in safer food consumption and contribute to the broader efforts to improve food safety and security in the region and beyond.



2. material and methods 

2.1 Study area and site

[bookmark: _Hlk192601713] Figure 1 represents the map of Kericho County where the study was carried out. The County has a favorable climate and receives relief rainfall, with moderate temperatures of 17 °C and low evaporation rates. Temperatures range between 10°C - 29°C. The mean annual rainfall varies from 1800mm around Kericho town. Most local farmers practice domestic farming(United Agency for International Development 2019, 2017). The crops grown include; sorghum, tea, sugarcane, fruits (pineapples), tomatoes, maize, coffee, sweet potatoes, and barley. However, crops under study are not grown but imported and bought from neighboring counties. Kericho County is well positioned to benefit from various markets provided by the neighboring counties as it has robust national and county roads connecting to the rest of the counties. The target population is vendors who store rice and groundnuts in their farm stores for either commercial or consumption purposes. 

[image: A map of a country
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Fig.1: Map of Kericho showing the study regions.

2.2 Research Design

[bookmark: _Hlk192602418]Cross-sectional laboratory-based research design was employed in this study. The study focused on mycotoxins produced by the fungi genera Aspergillus and Fusarium isolated from samples of two grains: rice cereal grains and groundnut legume grains.

2.3 Sampling procedure

[bookmark: _Hlk192602469]Cereal grains and legume grains were collected from three markets: Kericho town market, Kapsuser market and Nyagacho market. Using simple random sampling, vendors selling rice and/or groundnuts were picked using a questionnaire.  

[bookmark: _Hlk192602675]2.4 Sample Collection and Processing

The samples from the selected vendors were obtained aseptically using sterilized polystyrene spoons (Indiamart company), placed in well-labeled transparent and plain PVC Peel and zeal VCI zip lock bags (10/16 inches and 50-150 microns’ thickness, Indiamart company) and then transported to the Centre of Microbiology Research (CMR), at Kenya Medical Research Institute (KEMRI), Nairobi for analysis. 
Sample bags were labeled using two identifiers, the date of collection and unique codes assigned to the different vendors, for confidentiality. Laboratory analysis of the collected rice and groundnut samples were involved in the isolation and characterization of environmental fungi. The selected samples were accompanied with information such as the storage practices and food type. Briefly, 10 grams of each rice and groundnut samples were surface sterilized using 0.2% sodium hypochlorite (NaOCl) solution for 2 minutes and then rinsed three times using sterilized distilled water. Sterilization was done to kill fungi found on the surface of samples since the fungi found inside the sample was of interest. One gram of each of the groundnut and rice samples was grounded.
2.5 Determination of Mycotoxin Levels
The aflatoxins kit known as Envirologix QuickTox Kit for QuickScan Aflatoxin flex (AQ 309 BG, kit Lot: 318-23, version 5.8.1) (Figure 2) was used to analyze the mycotoxin levels. This is in the conformance range of 5.0-300 parts per billion(ppb).
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Fig 2: (a) Envirologix Quick Toxin kit (b) Quick scanner reader
Extraction procedures were done as previously described by (USDA 2019). Briefly, 50.0+0.2 grams of the ground sample was transferred to a hard-walled extraction container (ACC019) for rice and groundnuts. One dissolvable EB 17 pouch was then added to the extraction container. Using a 250ml cylinder, 150ml of distilled water was added to the extraction container, the container sealed and shaken well by hand immediately for 10 seconds avoiding delays between the additions of water and shaking. The extraction mixture was then vortexed at a speed of 300 rotations per minute for one minute on an orbital shaking platform. The extract was filtered by pouring it onto an approved coffee filter (ACC 083) and then into a clean vessel for collection. The sample was allowed to filter for 2 minutes. Thereafter, the filter paper was discarded and the filtered extract was tested for aflatoxin and fumonisin.	Comment by Dell: Contradictory to earlier paragraph mentioning 10 g sample

3. results and discussion

 Aflatoxin levels in groundnuts were higher than in rice, whereas fumonisin occurrence in rice was higher than in groundnuts. Descriptive statistics (Table 1) were used to show the aflatoxin levels and fumonisin distribution in Kericho from the three markets combined. Box plot was used to visually show aflatoxin distribution in the three markets combined (Fig. 3). 
Three product types were further assessed to compare aflatoxin and fumonisin levels in groundnuts.  The boxplot (Figure 4a) results showed that roasted groundnuts had higher levels of aflatoxin than groundnuts with pods and unroasted groundnuts. Also, the aflatoxin level was higher in the Kapsuser market than in Nyagacho and Kericho. Some locations had no substantive data to allow for representation, for instance, unroasted groundnuts in Kericho and Kapsuser. With regard to fumonisin levels (Figure 4b) the results showed that groundnuts with pods had the highest level of fumonisin. Similarly, the fumonisin levels were higher in Nyagacho than in Kapsuser and Kericho. 

Kruskal-Wallis test was used to compare the statistical differences of the aflatoxin levels in different regions. In this study, Kruskal-Wallis was employed to analyse the statistical difference in aflatoxin levels for rice and groundnuts and represented boxplots, with statistical differences between the mycotoxins shown using p-values. The results for rice show that Nyagacho had a high level of aflatoxin, followed by Kericho and lastly Kapsuser. The statistical differences in rice levels were also depicted between Kapsuser and Kericho, and between Kapsuser and Nyagacho. However, there was no statistical difference in aflatoxin levels between Kericho and Nyagacho (Figure 5). The results for groundnuts show that the aflatoxin levels between Kericho and Kapsuser, Kapsuser and Nyagacho markets were statistically significant. In contrast, aflatoxin levels between Kericho and Nyagacho were not statistically significant (Figure 6).


 Table 1: Mycotoxin contamination incidence in Rice and Groundnuts

	Crops	Comment by Dell: Add  minimum and maximum values to show data range. Insert p-value (if applicable) to show statistical significance
	Mycotoxins
	n
	Mean
	Std.Deviation
	Variance

	Rice
	
	
	
	
	

	
	Aflatoxin
	69
	5.176
	8.110
	65.766

	
	Fumonisin
	69
	1.670
	3.644
	13.281

	
	
	
	
	
	

	Groundnuts
	
	
	
	
	

	
	Aflatoxin
	69
	15.995
	15.590
	243.042

	
	Fumonisin
	69
	0.044
	0.0705
	0.005
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[bookmark: _Toc161181210]Fig. 3. Boxplot of Aflatoxin distribution in (left) rice and (right) groundnuts.  

[bookmark: _Toc161181211]
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[bookmark: _Toc161181212]Fig.4. Boxplot of (a) aflatoxin and (b) fumonisin groundnuts based on product type per location.
Key: RG=Roasted Groundnuts, RUG=Raw Unopened Groundnuts, UG=Unopened Groundnuts
KA:Kapsuser, KC:Kericho, NY: Nyagacho
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Figure 5: Boxplot of aflatoxin in Rice based on the different locations 
[bookmark: _Hlk192377597]The values on the top of the plot indicate p-values showing statistical differences between the locations. KA= Kapsuser, KC=Kericho, and NG=Nyagacho
significance level of 0.05 (P=.05). 
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[bookmark: _Hlk191608776]Figure 6: Boxplot of Aflatoxin in groundnuts based on the Locations.

The values on the top of the plot indicate p-values showing statistical differences between the locations. KA= Kapsuser, KC=Kericho, and NG=Nyagacho
significance level of 0.05 (P=.05). 



The results of this study highlight significant levels of mycotoxin contamination in rice and groundnuts from Kericho County, emphasizing the need for immediate attention to food safety practices. The quantitative analysis revealed that both rice and groundnuts are significantly contaminated with aflatoxins and fumonisins, with many samples exceeding the maximum allowable limits set by regulatory bodies. Groundnuts exhibited higher mean aflatoxin levels (15.995 ppb) compared to rice (5.176 ppb), which aligns with the understanding that groundnuts are more susceptible to aflatoxin contamination due to their larger surface area and oil content, which provide a conducive environment for fungal growth (Ayelign & Saeger, 2020); (Ncube & Maphosa, 2020).The variability in mycotoxin levels across different markets suggests that local environmental conditions, handling, and storage practices significantly influence the extent of contamination. Nyagacho market, for instance, showed the highest aflatoxin levels in rice samples, which could be attributed to inadequate drying and storage conditions that favor fungal growth and toxin production. These findings emphasize the need for improved post-harvest handling and storage practices to mitigate mycotoxin contamination (Ezekiel et al., 2019);Wielogorska et al., 2019) (Government of Kenya, 2018; County Government of Kericho, 2022). The significant differences in mycotoxin levels between roasted, unroasted, and raw unopened groundnuts indicate that processing methods can impact the extent of contamination. Raw unopened groundnuts exhibited the highest mean aflatoxin levels, suggesting that roasting may reduce aflatoxin levels to some extent (Nyirahakizimana et al., 2013). However, even roasted groundnuts showed substantial contamination, highlighting the need for comprehensive strategies to address mycotoxin contamination at various stages of the supply chain. Statistical analysis using SPSS and R software confirmed significant differences in mycotoxin levels between the different markets and product types. The Student’s t-test and Kruskal-Wallis test demonstrated that the variations were statistically significant, underscoring the importance of targeted interventions based on specific market conditions and product types. These statistical insights provide a robust basis for developing tailored strategies to manage mycotoxin risks effectively (Id et al., 2020). The high levels of aflatoxins and fumonisins detected in the samples pose serious health risks to consumers. The economic implications are also significant, as contaminated crops result in direct losses through reduced market value and indirect losses through increased healthcare costs and decreased agricultural productivity  (Bhat et al., 2010 ; Wu, 2004). This study underscores the critical need for stringent monitoring and control measures to ensure food safety in Kericho County. Regular testing of agricultural produce for mycotoxins, coupled with public awareness campaigns and education programs, can play a pivotal role in reducing contamination levels. Farmers and traders should be educated on best practices for drying, storing, and handling crops to minimize fungal growth and toxin production(Shephard, 2008). Furthermore, the implementation of good agricultural practices (GAP) and the use of biocontrol agents can help mitigate the risks associated with mycotoxin contamination. Developing and enforcing regulatory standards for mycotoxin levels in food products is essential to protect public health and ensure the safety of the food supply. To sum up, the findings of this study provide valuable insights into the prevalence and levels of mycotoxin contamination in rice and groundnuts in Kericho County. The high contamination levels call for urgent action to improve food safety practices and protect public health. By addressing the specific conditions that contribute to mycotoxin contamination, targeted interventions can be developed to mitigate these risks and ensure the safety and quality of agricultural produce in the region. This research contributes to the broader efforts to enhance food safety and security, not only in Kericho County but also in other regions facing similar challenges.
This study highlights the significant levels of mycotoxin contamination in rice and groundnuts from Kericho County, underscoring the urgent need for improved food safety practices. Quantitative analysis indicated that aflatoxin and fumonisin levels in many samples exceed the maximum allowable limits, posing serious health risks to consumers. Groundnuts exhibited higher mean aflatoxin levels compared to rice, indicating a greater susceptibility to contamination. The variability in mycotoxin levels across different markets suggests that local environmental conditions, handling, and storage practices significantly influence the extent of contamination. This emphasizes the need for targeted interventions, including improved post-harvest handling and storage practices, to mitigate mycotoxin contamination.

4. Conclusion

In conclusion, this study provides valuable insights into the prevalence and levels of mycotoxin contamination in rice and groundnuts in Kericho County. The findings call for urgent action to improve food safety practices and protect public health. By addressing the specific conditions contributing to mycotoxin contamination, targeted interventions can be developed to ensure the safety and quality of agricultural produce. This research contributes to the broader efforts to enhance food safety and security, not only in Kericho County but also in other regions facing similar challenges. Future research should explore contamination trends across regions and seasons to guide sustainable food safety interventions.
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