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DIETARY EXPOSURE TO AFLATOXIN IN SOME CEREALS AND ANIMAL FEEDS IN BOMET COUNTY, KENYA


Abstract
Aflatoxin is a type of mycotoxin originating from fungi that contaminates human food and animal feeds, causing serious health effects in humans and animals.  The study aims to determine fungal and mycotoxin contamination of human food and animal feeds for public health initiatives in the County. Approximately 250g of the maize/feed of ninety-one samples were collected randomly from farms/animal feed dealers in Bomet County. All the collected samples were transported to the laboratory for cultured on mycological media. Fungi classification was based on macro, micro-morphological features, and biochemical methods. Mycotoxin detection was done using the ELIZA-based envirologist Quick Toxin Kit and the positive samples, were subjected to High-performance Liquid Chromatography analysis for QC purposes. Fusarium spp., Aspergillus spp., Alternaria spp., Mucor spp., Rhizopus spp., Penicillium spp. and, Xeromyces spp. were isolated from cereals and animal feed.  AFB1 and AFB2 were the most commonly identified, the largest proportion of Aflatoxins ranges from 0 ppb to 480 ppb. Amounts of aflatoxin detected in some foods were unsafe and not fit for human consumption according to the European Union's acceptable limits

Introduction 
Maize is a staple foods crops in Kenya, most of the African population and some part of the world (Manjula et al., 2009). Maize contribute about 20% and 15% energy and protein intakes respectively for more than 200 million globally (Emily and sherry, 2010). Maize and other cereals are very good substrate for fungal growth and toxigenesis. Many surveys conducted worldwide indicates that maize can be contaminated by mycotoxins such as aflatoxins (Zinedine et al., 2007), ochratoxin A (Ashiq, 2015), trichothecenes (Pietri et al., 2004), and fumonisins (Nikiema et al., 2004; Arino et al., 2007). 
These fungal metabolites have been shown to be toxic to humans and are responsible for toxic incidences in farm animals when concentrations in feeds are high (Bennett and Klich, 2003). More frequently, they are responsible for a decrease in breeding performance and subsequent economic losses for farmers (Hussein and Brasel, 2001). The presence of such fungal metabolites may also be of public health concern. Aflatoxin B1 (AFB1) has been classified as carcinogenic in humans and is a serious risk factor leading to the appearance of hepatocarcinoma (Ashiq, 2015). Other mycotoxins such as fumonisin B1 (FB1) and ochratoxin display carcinogenic properties in laboratory animals and have therefore been classified by IARC in the group 2B of molecules that are carcinogenic in animals and possibly carcinogenic in humans (Ashiq, 2015; Pfohl-Leszkowicz and Manderville, 2007).
They over 400 known mycotoxins, however aflatoxins, fuminosins, zearaleunone, trichothecenes and ochratoxins are most studied (Ediage et al., 2011). Aflatoxins contaminate wide range of farm inputs e.g. rice, millet, peas, beans, groundnuts, sorghum, maize and cassava, they are produced by Aspergillus species (A. flavus, A. nominus and A. parasiticus) (Magan et al., 2011). According to green and blue fluorescence as per UV light on Thin Chromatography plates aflatoxin are classified as B1, B2, G1 and G2 (Sweeney and Dobson, 1998). Since its development Thin layer chromatography (TLC) is the most used method for separation and quantification technique and recommended by AOAC for aflatoxin analysis (AOAC, 2000, Trucksess, 2000). The main advantage be the lost cost, in countries which lack expensive instruments and immunoassay infrastructure are not available visual thin layer chromatography is method of choice (Shantha, 1994). Poor repeatability is the main disadvantage of TLC (Coker, 1984). Rapid test kits e.g. ELIZA does not allow for simultaneous monitoring of aflatoxin (Anklam, 2000, Stroka, 1999)
Mycotoxins especially Aflatoxin does not only have adverse health impact to the consumer health but also to the economy in Kenya and other African countries.  In terms of losses of contaminated farm produces leading to destruction of the contaminated food. The aim of this study was conducted to determine aflatoxin contamination levels in maize and animal feeds sold in markets and shops in Bomet county, Kenya. 
Materials and Methods
Sample collection
Maize and animal feed samples were collected from all the sub-counties in Bomet County namely; Bomet Central, Bomet East, Chepalungu, Sotik, and Konoin. A quarter of a kilogram was taken from each household and agro vets shops sampled during the study in brown bags to Kenya Medical Research Institute (KEMRI) laboratory in a deep freezer before laboratory investigation for culture and aflatoxin analysis using High-performance Thin layer chromatography (HPTLC).
Sample preparation
Before analysis, the ground maize and feeds were mixed using a mixer to obtain a homogeneous sample. The sample was then sieved into a bottle using a 1.00 mm sieve. 
Extraction and analysis of the sample
Twenty grams of grounded maize and feed were weighed to the nearest 0.01g and were extracted using a mixture of 20 ml distilled water and 200 ml chloroform in a colored volumetric flask measuring 500 ml. Using a mechanical shaker, the mixture was homogenized (Amar Ltd, India) and left for 30 minutes to facilitate aflatoxins extraction. The water and chloroform in the mix were evaporated at 40℃. Then 0.2ml of the chloroform was used to dissolve the dry extract before High-performance Thin layer chromatography (HPTLC) spotting. The 20 µl sample extract, blank solution of methanol and chloroform mixture, and B1, B2, G1, and G2 standard aflatoxin solution were injected into HPTL and were spotted on High-performance Thin layer chromatography (HPTLC) by TLC sampler. 
Thereafter to visualize, the plate was moved to the TLC visualizer after spot visualization the plate was further moved to the HPLTC development chamber to develop the sport, then moved again to the TLC scanner in another HPTLC compartment to scan the results at 360 nm. Each aflatoxin evaluated was displayed on the screen.
RESULTS
For all the samples analyzed 34.1% were positive of aflatoxins and 65.8% were negative. Distribution of aflatoxin per sub-counties is shown in Table 1. 

Table 1: Prevalence aflatoxin in maize per sub-counties

	Sub-counties 
	Sample size  n=85
	Positive sample (%)
	Negative sample (%)

	Bomet Central
	17 (20%)
	 6 (35.3%)
	11 (64.7%)

	Bomet East
	17 (20%)
	7 (41.2%)
	10 (58.8%)

	Chepalungu
	17(20%)
	5 (29.4%)
	12 (70.5%)

	Sotik
	17 (20%)
	2 (11.8%)
	15 (88.2%)

	Konoin
	17 (20%)
	9 (52.9%)
	8 (47%)

	Total (overall)
	85 (100%)
	29 (34.1%)
	56 (65.8%)


A total of 91 animal’s feeds were analyzed for aflatoxins and the highest reading detected were from Maize sample of 480ppb, follows by dairy meal at 59ppb. The lowest been zero for calf meal (Table 2). 
Table 2: Aflatoxin levels in Cattle feeds
	
	
	
	Level of aflatoxins

	No.
	Feed ingredient
	No. of samples tested
	Range
(ppb)
	Mean+
          -

	1
	Maize
	29
	5-480
	12.2

	2
	Barley Germ
	13
	2-35
	2.1

	3
	Dried Fish
	13
	0-32
	1.8

	4
	Rice Bran
	14
	1-34
	2.9

	5
	Dairy meal
	15
	0-58
	4.3

	6
	Calf meal
	7
	0-18
	0.8

	
	Total
	91
	
	



Table 3: Aflatoxins contamination incidence in feeds and maize flour
The mean Aflatoxin levels were 10.7322 while for Ochratoxin were 1.55714 with the standard deviation of 14.7 and 216. Variance for Aflatoxin. 
	Mycotoxins
	n
	Mean
	Std. Deviation
	Variance

	Aflatoxin
	91
	10.7322
	14.70586
	216.262

	Ochratoxin
	91
	1.55714
	3.32609
	11.063

	Valid n(listwise)
	91
	
	
	



Table 4: Number (CFU/g) of fungal isolates from the sub-counties
The fungal isolates from Bomet central varied from 17±0.1 CFU/g to 56±0.1 CFU/g, Bomet East 4±0.1 CFU/g to 14±0.2 CFU/g, Chepalungu 6±0.2 CFU/g to 44+0.2 CFU/g, Sotik from 9±0.1 CFU/g to28±0.2 CFU/g, and for Konoin 8±0.1 CFU/g to 19±0.3 CFU/g.
	Isolates
	                                   Sub-counties

	
	Bomet Central
	Bomet East
	Chepalungu
	Sotik
	Konoin

	Alternaria spp.
	
	
	
	
	

	Fusarium spp.
	17±0.1
	6±0.3
	20±0.2
	11±0.2
	9±0.1

	Mucor spp.
	23±0.1
	10±0.2
	9±0.3
	17±0.3
	19±0.2

	Aspergillus spp.
	19±0.3
	14±0.2
	44+0.2
	9±0.1
	10±0.1

	Rhizopus spp.
	20±0.1
	13.7±0.1
	6±0.2
	28±0.2
	8±0.1

	Penicillium spp.
	56±0.1
	26±0.2
	15±0.2
	17±0.2
	19±0.3

	Xeromyces spp.
	 18±0.1
	 4±0.1
	13±0.1
	21±0.2
	16±0.1



Discussion
Maize is a staple food in Kenya hence its safety is a concern. They analyzed maize for aflatoxin, to determine its safety in Bomet county. Maize cultivation in sub-Saharan Africa has rinsed to 60% (Santpoort et al., 2020). The study results showed that 34.1% of the samples were positive for aflatoxin. However, the aflatoxin levels of most samples were found to be below the allowable limit as per the European Commission (AESAN, 2021). The study's slightly high prevalence may be due to the low sample size. Kortei et al., (2022) reported an aflatoxin prevalence of 46.4% in food samples in Ghana markets which is higher than what the study found.
 AESAN. (2021). Report of the Scientific Committee of the Spanish Agency for Food Safety and Nutrition (AESAN) concerning the effect on the Spanish population of the derogation of national regulation on maximum allowed limits for aflatoxins B1, B2, G1 & G2 in food (pp. 1-16). The study reports 119PPb as the highest level of aflatoxin detected in Maize, which is within the range reported in other African Region of 110ppb in Togo and 120ppb in Benin (Hell et al., 2000, James et al., 2007). While 770ppb (Nigeria), 490ppb (Ghana), and 158ppb (Tanzania) aflatoxin levels from Maize and Corn (Kimanya et al., 2008, Williams et al., 2004) which is higher compared to what this study reported. 
The high aflatoxin levels found in some cereal may be due to some abiotic and biotic factors e.g. humidity, temperature, insect attack, and storage duration. Simsek et al. (2002) showed that humidity of 97-99% and temperature of 25-30℃ are favorable for aflatoxin production. Aspergillus flavus can produce aflatoxin within 48 hrs. when the moisture content is at 16-24% and temperature at about 20-38℃ according to Ross et al. (1979). High moisture content in the cereal used in the study may be responsible for the fungi growth and subsequent aflatoxins production since Kenya is located in tropical regions of the world.  Aflatoxin control is difficult because of climatic conditions specifically high moisture and high temperature (Awuchi et al., 2020), the same factors fueling high aflatoxin levels in Bomet County hence small-scale farmers in Bomet County are at risk of exposure to aflatoxin. A similar finding was reported by WHO (2015).
The consumer's health is severely endangered due to fungal infestation and mycotoxins in agricultural products and crops.  The most affected consumers are those buying unprocessed farm products for consumption from the farm or markets (Oyedele et al., 2017). Because there is no aflatoxin regulation at this level. In Kenya government agencies responsible mostly sampled processed foodstuffs from the supermarkets instead of the raw farm produce. Aflatoxin development, fungal infestation, and growth are linked to water activity in food/feeds. This is connected with inadequate drying of cereals predisposing them to mycotoxigenic fungi which is inferred to increase as storage time increases (Temba et al., 2017, Reiter et al., 2010, Sarker et al., 2015). Fungal infestation and metabolite accumulation could be elevated in crops harvested at the end of the rainy season also poor post-harvest crop handling e.g. bare ground drying has been linked to contributing to soil contamination by fungus (Okello et al., 2010). In animals aflatoxicosis alter hemato-biochemical parameters, changes in vital organs, and immunosuppression (Shashidhara & Devegowda, 2003).
 
According to Kilonzo et al (2014), the maize consumption rate for the Kenyan population is 400g per person per day, thus exposure to aflatoxin range from 4.3 -554ngkg-1 bw day-1 whereas exposure to 0.8ng and 0.26ngkg-1 bw day-1 for Australians and Americans respectively (Wambui et al., 2017). Therefore, Kenyans are exposed to high levels of Aflatoxin and hence are at a higher risk of developing health complications associated with aflatoxins such as neonatal mortality, still-birth and immunosuppression with predisposing individuals to infectious diseases such as HIV/AIDS, pneumonia, and stunting of growth (Bankole & Adebanjo, 2003, Lane, 2005). Of great public health concern is the frequent intake of such levels of aflatoxin, which can work in synergy with some carcinogens e.g. hepatitis B virus to aggravate liver cancer (Ghouri et al., 2017). It’s worth noting exposure to any level of aflatoxins is harmful (Ruadrew et al., 2013). Small-scale farmers in Kenya commonly use manual sorting to sell healthy kernels and retain discolored kernels for consumption (Bandyopadhyay et al., 2016). This practice increases exposure to aflatoxin in homes. For industries after sorting kernels automatically, the unhealthy ones are used in manufacturing animal feed which eventually gets into the food chain and humans are exposed after consuming animal products e.g. milk or meat
. 

Conclusions
Food/ feeds analyzed in Bomet County, Kenya showed up to 34.1% contamination with aflatoxin. Aflatoxin in food and animal feeds causes adverse health effects in humans and animals. Aflatoxin contamination in most cereal and animal feeds was due to long storage of food and feeds, low education status among farmers, and mixing of different concentrates as animal feed. Hence Farmers should have been educated about physical detection of maize/feeds contaminated with aflatoxin and prevention mechanisms. 
Recommendation
The application of novel Agricultural practices to manage and mitigate contamination of feed and food along the chains is highly recommended. Also, a modeling approach, further research, and the use of biological control such as the use of atoxigenic Aspergillus flavus strain to displace fungal toxigenic strain in the population should be applied.
[bookmark: _GoBack]ETHICAL APPROVAL 
The study was approved by the University of Kabianga institutional ethics and review committee.  (IERC/2020/003).

REFERENCES
AESAN Scientific Committee. (Working group) Fernández P., Alonso, C., Franco, C.M., González-Fandos, E., Marín, S.M., Rodríguez, D. and Valero, (2021). A. Informe del Comité Científico de la Agencia Española de Seguridad Alimentaria y Nutrición (AESAN) sobre la seguridad alimentaria de alimentos secados al aire libre que se producen de acuerdo a métodos tradicionales de producción y que requieren una adaptación de los requisitos de higiene que deben cumplir. Revista del Comité Científico de la AESAN, 2021, 34, pp: 71-88.
Anklam, E., & Stroja, J. (2000).  Effects and limits of sample preparation for the determination of aflatoxins. The 114th AOAC International Annual Meeting and Exposition. Final Program. September 10-14, 2000, Philadelphia, Pensylvania, USA.
AOAC - Association of Official Analytical Chemists. (1998). Official methods of analysis of the AOAC International. 16.ed. 4th ver. 1998. (Software Adobe and E-DOC/CJS).
Arino, A., Juan, T., Estopanan, G., & Gonzalez-Cabo, J.F. (2007). Natural occurrence of Fusarium species, fumonisin production by toxigenic strains and concentration of fumonisins B1 and B2 in conventional and organic maize grown in Spain. Journal of Food Protection 70: 151-156.
Ashiq, S. (2015). Natural occurrence of mycotoxins in food and feed: Pakistan perspective. Comprehensive Reviews in Food Science and Food Safety, 14, 159–175.
Awuchi, C. G., Amagwula, I. O., Priya, P., Kumar, R., Yezdani, U., & Khan, M. G. (2020). Aflatoxins in foods and feeds: A review on health 21 implications, detection, and control. Bull. Environ. Pharmacol. Life Sci, 9, 149-155. 
Bandyopadhyay, R., Ortega-Beltran, A., Akande, A., Mutegi, C., Atehnkeng, J., Kaptoge, L., Senghor, A.L, Adhikari B.N., & Cotty, P.J. (2016). Biological control of aflatoxins in Africa: current status and potential challenges in the face of cli mate change. World Mycotoxin J. 9(5):771–789.
Bankole, S.A., & Adebanjo A. (2003). Mycotoxins in food in West Africa: current situation and possibilities of controlling it, Afr. J. Biotechnol. 2: 254–263.
Coker, R. D. (1984). High performance liquid chromatography and other chemical quantification methods used in the analysis of mycotoxins in foods. In: GILBERT, J. (Ed.) Analysis of food contaminants London: Elsevier, 1984. Cap.5, p.207-263.
Ediage Njumbe, E., Diana Di Mavungu, J., Monbaliu, S., Van Peteghem, C., & De Saeger, S. (2011). A validated multianalyte LC–MS/MS method for quantification of 25 mycotoxins in cassava flour, peanut cake and maize samples. Journal of agricultural and food chemistry, 59(10), 5173-5180.
Ghouri, Y.A., Mian I., & Rowe, J.H. (2017). Review of hepatocellular carcinoma: Epidemiology, etiology, and carcinogenesis, J. Carcinog. 16 :1, https://doi. org/10.4103/jcar. JCar_9_16 PMID: 28694740.
Hell, K., Cardwell, K.F., Setamou, M., & Poehling, H.M. (2000). The influence of storage practices on aflatoxin contamination in maize in four agroecological zones of Benin, West Africa. J Stored Prod Res 36:365–382.
Hussein, H.S, & Brasel., J.M. (2001). Toxicity, metabolism, and impact of mycotoxins on humans and animals. Toxicology. 167: 101-134.
James, B., Adda, C., Cardwell, K., Annang, D., Hell, K., & Korie, S. (2007). Public information campaign on aflatoxin contamination of maize grains in market stores in Benin, Ghana, and Togo. Food Addit Contam 24:1283–129
Kilonzo, R.M., Imungi, J.K., Muiru, W.M., Lamuka, P.O., & Njage, P. M. (2014). Household dietary exposure to aflatoxins from maize and maize products in Kenya. Food Addit Contam Part A 31:2055–2062. 
Kimanya, M.E., De Meulenaer, B., Tiisekwa, B., Ndomondo-Sigonda, M., Devlieghere F., & Van Camp, J. (2008). Co-occurrence of fumonisins with aflatoxins in home-stored maize for human consumption in rural villages of Tanzania. Food Addit Contam Part a Chem Anal Control Expo Risk Assess 25:1353–1364.
Kortei, N.K., Annan, T., Richard, S.A., Boakye, A.A., Tettey, O.C., Essuman. K.E., Aninagyei E., & Agbemeseli P. (2022). Dietary Exposure to Aflatoxins in Some Randomly Selected Foods and Cancer Risk Estimations of Cereals Consumed on a Ghanaian Market. Journal of Food Quality Volume 2022, Article ID 5770836, PP.11. https://doi.org/10.1155/2022/5770836.
Lane, K.S. (2005). New support for FDA regulation of tobacco, Available at (2005) www. Tobacco.org. 
Magan, N., Medina, A., & Aldred, D. (2011). Possible climate‐change effects on mycotoxin contamination of food crops pre‐and postharvest. Plant pathology, 60(1), 150-163.
Manjula, K., Hell, K., Fandohan, P., Abass, A., & Bandyopadhyay, R. (2009). Aflatoxin and fumonisin contamination of cassava products and maize grain from markets in Tanzania and republic of the Congo. Toxin reviews, 28(2-3), 63-69.
Nikiema, P.N., Worrillow, L., Traore, A.S, Wild, C.P,, &Turner, P.C. (2004). Fumonisin contamination of maize in Burkina Faso, West Africa. Food Additives & Contaminants 21: 865-870.
Okello, D.K., Kaaya, A.N., Bisikwa, J., Were, M., & Olota H.K. (2010). Management of Aflatoxins in groundnut: manual for farmers, processors, traders and consumers in Uganda, Makerere University, National Agricultural Research Organization. 
Oyedele, O. A., Ezekiel, C. N., & Sulyok, M.  (2017). “Mycotoxin risk assessment for consumers of groundnut in domestic markets in Nigeria,” International Journal of Food Microbiology, 251: 24–32. 
Pfohl-Leszkowicz, A.,  & Manderville. R.A. (2007). Ochratoxin A toxicity: an overview on toxicity and carcinogenicity in animals and humans. Molecular Nutrition & Food Research. 51: 61-69.
Pietri, A., Bertuzzi, T., Pallaroni, L., & Piva G. (2004). Occurrence of mycotoxins and ergosterol in maize harvested over 5 years in northern Italy. Food Additives & Contaminants. 21: 479-487.
Reiter, E., Vouk F., Bohm, J., & Razzazi-Fazeli. E. (2010). Aflatoxins in rice – a limited survey of products marketed in Austria, Food Control. 21: 988–991. 
Ross, I. J., Loewer, J. O., & White, G. M. (1979). Potential for aflatoxin development in low temperature drying systems. American Society of Agricultural Engineers Paper 2, 12-18.
 Ruadrew, S., Craft J., & Aidoo. K. (2013) Occurrence of toxigenic Aspergillus spp, and aflatoxins in selected food commodities of Asian origin sourced in the West of Scotland. Food Chem. Toxicol. 55:653–658.
Santpoort, R. (2020). The drivers of maize area expansion in Sub-Saharan Africa. How policies to boost maize production overlook the interests of smallholder farmers. Land, 9(3), 68.
 Sarker, M., Ibrahim, M., Aziz, N. &Punan M. (2015). Application of simulation in determining suitable operating parameters for industrial scale fluidized bed dryer during drying of high impurity moist paddy, J. Stored Prod. Res. 61: 76–84.
Shantha, T. (1994).  Methods for estimation of aflatoxins: a critical appraisal. J. Food Sci. Technol., v.31, n.2, p. 91-103.
Shashidhara, R., & Devegowda .G. (2003).  “Effect of dietary mannan oligosaccharide on broiler breeder production traits and immunity,” Poultry Science, 82:1319–1325.
Simsek, O. Arici, M., & Demir. C. (2002). Mycoflora of hazelnut (Corylus avellana L.) and aflatoxin content in hazelnut kernels artificially infected with Aspergillus parasiticus. Nahrung, 46, 194-196. http://dx.doi.org/10.1002/1521-3803(20020501)46:33.0.CO;2-D
Stroka, J., Petz, M., Joerissen, U., & Anklam. E. (1999).  Investigation of various extractants for the analysis of aflatoxin B1 in different food and feed matrices. Food Addit. Contam., v.16, n.8, p. 331-338.
Sweeney, M. J., & Dobson, A. D. (1998). Mycotoxin production by Aspergillus, Fusarium and Penicillium species. International journal of food microbiology, 43(3), 141-158.
Temba, M.C., Njobeh, P.B., & Kayitesi. E. (2017). Storage stability of maize-groundnut composite flours and an assessment of aflatoxin B1 and ochratoxin A contamination in flours and porridges, Food Control. 71:178–189.
Trucksess, M. W. (2000). Rapid analysis (thin layer chromatographic and immunochemical methods) for mycotoxins in food and feeds. In: X International IUPAC Symposium on Mycotoxins and Phycotoxins, p.5. Săo Paulo. Abstract book (conference).
Wambui, J.M., Karuri, E.G., Ojiambo, J.A., & Njage. P. M. (2017). Application of probabilistic modeling to quantify the reduction levels of hepatocellular carcinoma risk attributable to chronic aflatoxins exposure. Nutr Cancer. 69:1–13.
Williams, J.H., Phillips, T.D., Jolly, P.E., Stiles, J.K., Jolly, C.M., & Aggarwal. D. (2004). Human aflatoxicosis in developing countries: a review of toxicology, exposure, potential health consequences, and interventions. Am J Clin Nutr 80:1106–1122.
World Health Organization. (2015). WHO estimates of the global burden of foodborne diseases: foodborne disease burden epidemiology reference group 2007-2015. World Health Organization, Rome.
Zinedine, A, Juan C, Soriano, J.M., Molto, J.C., Idrissi, L., & Manes. J. (2007). Limited survey for the occurrence of aflatoxins in cereals and poultry feeds from Rabat, Morocco. International Journal of Food Microbiology 115: 124-127.



