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Abstract 

Wheat is one of the most important cereal crops for human and animal consumption in the world. 

However, it is very susceptible to fungal infection and mycotoxin contamination. The most important 

mycotoxins include aflatoxins, ochratoxinA, patulin, zearalenone, fumonisins and trichothecenes, and 

all pose a potential threat to human and animal health through the ingestion of food products prepared 

from these commodities. The ability of the mycotoxins to cause disease in wheat was previously 

established, but natural contamination of wheat by fumonisin has not been studied in Rwanda. This 

study aimed to determine and evaluate the presence of fumonisin content in wheat grains harvested 

and stored in bags from 5 Districts (Gicumbi, Rulindo, Gakenke, Musanze and Burera) located in the 

NorthernProvince of Rwanda. Eight wheat samples collected during 2015/2016 cropping season were 

analyzed for the occurrence of fumonisins. The analysis was done using ELISA to identify the 

presence and level of fumonisin and a dichotomous key to identify Fusarium spp. The results showed 

that all samples were contaminated by fumonisin with levels ranging from 0.56 – 1.07 ppm, the main 

cause of fumonisin was Fusarium spp. and the total defects ranged in decreasing order from 19.6% 

and 17.6% (Gicumbi), 14.3% and 11.7% (Musanze), 9.2% and 7.6% (Burera), 5.2% (Gakenke) at the 

end 2.2% (Rulindo). The greatest fumonisin contamination was detected in wheat collected from 

Gicumbi, and the last one concerned Rulindo, comparing to standards of EAS which is 2.0 ppm for 

human consumption.Based on these results, there is a need to conduct further studies in order to 

determine the levels and types of fumonisin contamination on wheat and wheat-products in the whole 

country. This will allow determining the fumonisin intake in Rwanda, and therefore to establish a 

legislation of maximum permitted limits for fumonisins.  
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1. Introduction 

It was reported by FAO (1983) that cereals are the most important source of food which have 

contributed to human nutrition for millennia. However, cereals are exposed to numerous 

abiotic stress factors, from cultivation and throughout their life cycle to processing. 

According to Hall (1970), between the time a crop is harvested and its consumption by man 

or his domestic animals, quantities of food are considerable wasted or eaten by pests, 

particularly insects and rodents; losses in quality also occur whenever these pests and 

microorganisms have been able to grow on produced grains or when methods of drying or 

processing destroy the nutrients. 
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organisms, that is harmful to another organism (Taylor et al., 2005). Mycotoxins are toxins produced 

by fungi, mostly by saprophytic molds growing on a variety of foodstuffs including that of animal 

feeds and also by many plant pathogens (Atanda et al., 2011). The name mycotoxin is a combination 

������������������������������������
������!
�������������	������
������������(Afsah-Hejri et 

al., 2013). More than 300 different mycotoxins have been identified, which can be subdivided into 25 

different structure types (GE, 1976). The term mycotoxin literally means poison from fungi. Among 

the thousands of species of fungi, only about 100 belonging to genera Aspergillus, Penicillium and 

Fusarium are known to produce mycotoxins. Out of the 300–400 mycotoxins known, the most 

important are aflatoxins, ochratoxins, deoxynivalenol (DON or vomitoxin), zearalenone, fumonisin, 

T-2 toxin and T-2 like toxins (trichothecenes). Deoxynivalenol, zearalenone, T-2 toxin and fumonisin 

are all produced by fungi of the genera Fusarium (Muthomi et al., 2009). Cereal grain can be 

contaminated by a great variety of microscopic fungus during its development. The plant 

resulting in a reduction of the grain quality may be affected by these pathogens; some species 

can even release natural toxins that cause human and animal intoxication. Mycotoxins are 

secondary metabolites of molds, which contain highly toxic, carcinogenic, mutagenic or 

teratogen compounds. They 	�������� 	����� ��� ���� ���� ��� 
����� �
�"���#� In contrast to the 

products of primary metabolism, these substances are not formed by all mold species, but are 

characteristic for their producers (Hussein & Brasel, 2001). Mycotoxins prevention is very 

important as, once developed, they become stable at environment temperature and very 

resistant to thermal changes (Scudamore, 2005). 

The most important mycotoxins include aflatoxins, ochratoxin A, patulin, zearalenone, fumonisins 

trichothecenes (Hussein & Brasel, 2001), and all pose a potential threat to human and animal health 

through the ingestion of food products prepared from these commodities. Major food commodities 

affected are cereals, nuts, dried fruit, coffee, cocoa, spices, oilseeds, dried peas, beans and fruit, 

particularly apples (Turner et al., 2009).  
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Fumonisins as the case study are a group of mycotoxins synthesized by different species of the genus 

Fusarium, mainly Fusarium verticillioides, Fusarium graminearum and Fusarium proliferatum. They 

are geographically widely distributed and their natural occurrence has been reported mostly in maize, 

wheat and their based food products all over the world (Scott, 2012). Mycotoxins can be classified 

as hepatotoxins, nephratoxins, neurotoxins, immunotoxins, and so forth. They have been also 

classified into generic groups such as teratogens, mutagens, carcinogens, and allergens by 

cell biologists (Zain, 2011). 

According to Schmale & Munkvold (2009), the fumonisins are a group of mycotoxins produced 

primarily by Fusarium verticillioides and Fusarium proliferatum, although a few other Fusarium 

species also may produce them. Traditionally, Fusarium moniliforme is the fungal species associated 

with fumonisins, but this name is no longer used, due to advances in taxonomy and nomenclature. 

There are at least 28 different forms of fumonisins, most designated as A-series, B-series, C-series, 

and P-series. Fumonisin B1 is the most common and economically important form, followed by 

B2 and B3 (Schmale & Munkvold, 2012). Fumonisins were discovered for the first time by South 

African researchers in 1988 (Marasas, 2001).  

The fumonisin chemical structure, which is a C-20 diester of propane-1,2,3-tricarboxylic acid and a 

Pentahydroxyicosane containing a primary amino acid, resembles sphingosine which forms the back 

bone of sphingolipids (Sweeney & Dobson, 1999) and ( Merrill et al., 2001). The Figure 1 shows the 

chemical structure of fumonisins. 

 

 
 

Figure 1: Chemical structure of fumonisin (Bezuidenhout et al., 1988) 

Fumonisins are difficult to study because they are hydrophilic, but they are usually extracted 

with aqueous methanol or aqueous acetonitrile and analyzed by high performance liquid 

chromatography (HPLC) with fluorescence detection (Bezuidenhout et al., 1988).  

They are generally thermostable (above 100º C), and thus, can be transferred to food, even 

after microbial stabilization steps, such as heating and extrusion. Consequently, humans and 

animals are exposed to their toxic effects (Araguás et al., 2005). 
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There are some physical properties of wheat that favor Fumonisin occurrence: The moisture content 

in wheat, as measured by a calibrated moisture meter. The moisture level in wheat must be below 

14.0%. And the change in the physical quality of the grain is often of the result of mechanical 

harvesting, shelling and drying (Shirmohammadi, 2014); foreign matter such as any material other 

than wheat and fine wheat particles that will pass through screen holes of 1.5 mm diameter and all 

organic and inorganic material (sand, stone, and soil) other than wheat, metal, glass, and coal 

including any plant matter of maize that is not kernels (Handreck, 2002); broken grains of wheat 

that will pass through a circular screen of holes 2 mm wide but will not pass through a screen 

of 1mm holes (Eckhoff & Paulsen, 1996); pest damaged where wheat is partly damaged by 

insects or rodents and visually detected by visual inspection (Schatzki, 1988); rotten and 

diseased wheat grains are discolored by heat, fermentation, molds, or disease and also 

detected by visual inspection. It included grains made unsafe for human consumption due to 

decay, molding or bacterial decomposition (Asea et al., 2014) and immature or Shrivelled 

wheat grain which or underdeveloped, thin and papery in appearance (WFP, 2013). 

A study has found that Fusarium infection was nearly 50% higher in conventionally grown maize 

than in organically grown maize. In contrast, the occurrence and distribution of the postharvest fungi 

Aspergillus and Penicillium was similar in both conventional and organic corn samples (Ariño et al., 

2007). Aggressiveness toward maize, sorghum, rice, and beetroot seedlings grown under greenhouse 

conditions was tested and it was found that the fungus grew from roots to the first two 

internodes/leaves of maize, rice and beet regardless of fumonisin production by Dastjerdi&Karlovsky 

(2015).Contamination can occur pre- or post-harvest. Generally, crops that are stored for more than a 

few days become a potential target for mold growth and mycotoxin formation. Mycotoxins can occur 

both in temperate and tropical regions of the world, depending on the species of fungi. Major food 

commodities affected are cereals, nuts, dried fruit, coffee, cocoa, spices, oilseeds, dried peas, beans 

and fruit, particularly apples (Turner et al., 2009). Mycotoxins may also be found in beer and 

wine resulting from the use of contaminated barley, other cereals and grapes in their 

production. They can also enter the human food chain via meat or other animal products such 

as eggs, milk and cheese as the result of livestock eating contaminated feed (Cozzini et al., 

2012). The two important Fusarium ear rots of corn, Gibberella ear rot (Fusarium 

graminearum, formally F. moniliforme and allied species) and Fusarium ear rot (F. 

verticillioides and allied species) grow under different environmental conditions. F. 

graminearum grows well only between 26 and 28°C and requires rain both at silking and 

during disease progression. F. verticillioides grows well at higher temperatures, and ear rot 

and fumonisin accumulation are associated with drought and insect stress and growing 

hybrids outside their areas of adaptation (Miller, 2008). 
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The same study suggests that the weight of evidence is that F. verticillioides is endemic in corn 

kernels. The biology of fumonisin production suggests that fumonisin is produced in material 

quantities only in senescent corn tissue and that fumonisin would not be biologically active in 

growing corn tissue. This is consonant with other examples of mutualistic endophytes. Incidence of 

Fusarium kernel rot is higher in warmer climates under dry conditions. In such environments, insect 

damage is well recognized as a collateral factor. Regardless of moisture stress, insects appear to 

promote F. verticillioides occurrence (Miller, 2008). 

Breeding for resistance to Fusarium ear rot has produced inconclusive results to date. It may also be 

necessary to make use of alternative strategies, such as producing hybrids that contain enzymes to 

degrade fumonisin as it is produced. The best available strategies for reducing the risk of fumonisin 

contents of wheat are to ensure that hybrids are adapted to the environment and to limit drought stress 

and insect herbivore (Miller, 2008).There is no direct established causal association between 

fumonisin exposure and disease in man, but there are several reasons for concern: fumonisins 

contaminate wheat grown throughout the world, and several populations rely on wheat as a dietary 

staple; Animal exposure to FB induces disease including equine LEM, porcine PE and cancer in 

rodents; fumonisins have a broad range of biological effects, including disruption of 

sphingolipid biosynthesis; FB intake was found correlated with esophageal cancer rates in 

South Africa (Sydenham et al., 1991).  

Several other mycotoxins, nutritional parameters, and other factors have also been implicated 

in the etiology of human esophageal cancer for an excellent discussion of the way in which 

multiple etiological factors are suspected to interact. A possible case of acute exposure to 

fumonisin B1 involved 27 villages in India, where consumption of unleavened bread made 

from moldy sorghum or corn caused transient abdominal pain, borborygmus, and diarrhoea. 

All those affected recovered fully (Sydenham et al., 1991). Clearly, the precise role and 

mechanisms of action of fumonisins in the context of human health risks still needs to be 

established (Turner et al., 1999). Previous studies have shown that Fumonisins affect animals 

in different ways by interfering with sphingolipid metabolism (Merrill et al., 2001). Other 

studies have shown that fumonisins cause leukoencephalomalacia (hole in the head 

syndrome) in equines and rabbits pulmonary oedema and hydrothorax in swine; and 

hepatotoxic and carcinogenic effects and apoptosis in the livers of rats ( Bucci et al., 1996; 

Bennett & Klich, 2003). Finally, fumonisins can cause neural tube defects in experimental 

animals and thus may also have a role in human cases. It has been hypothesized that a cluster 

of anencephaly and spina bifida cases in southern Texas may have been related to fumonisins 

in corn products. The International Agency for Research on Cancer (IARC) has evaluated the 

cancer risk of fumonisins to humans and classified them as group 2 B probably carcinogenic 

(Bucciet al., 1996). 
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Many of food stuffs including wheat grains are traditionally dried on ground or mats, and drying 

depends on sun. This may slow down the drying rate and might give fungi opportunity to grow and 

produce fumonisins (Paterson & Lima, 2010).Wheat is one of the most important grains consumed in 

the world, and its contamination with toxigenic molds increased attention over the last three decades. 

Rwanda is located in a tropical zone. It is one of the wet countries with frequent rains. Nearly 90% of 

Rwandese population lives by agriculture, but many of farmers do not have adequate facilities such as 

modern driers and storage facilities for proper post-harvest handling activities.Wheat grains and their 

product such as flour are highly consumed in Rwanda.Although, in Rwanda there are no data on 

fumonisin contamination in wheat and wheat based foods. A need exists to evaluate the contamination 

of wheat harvested in Rwanda. Wheat grains contaminated with fumonisin would adversely affect the 

health of a large number of consumers (Zain, 2011). 

2. Materials and methods 
 

2.1. Samples collection 

Eight wheat grains samples were randomly collected on private properties in Northern of 

Rwanda. They were selected among the grains harvested and stored in bags during 2015/2016 

cropping seasons. In order to fulfill objectives of the study, wheat grains samples were 

randomly collected in different districts of the north of Rwanda where wheat is mostly 

cultivated (Fig. 1) such as Burera, Musanze, Gicumbi, Rulindo and Gakenke. After the 

collection, samples were transported to the Physical Chemistry Laboratory of INES-

Ruhengeri and stored during 2 weeks at room temperature while waiting for analysis. 

 

Figure 1: Different districts of samples collection 

1. Burera 
2. Gakenke 
3. Gicumbi 
4. Musanze 

5. Rulindo 
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2. 2. Detection and quantification of fumonisin 

2.2.1. Sample extraction 

Twenty grams of each sample were mixed with 100 ml of 70% methanol and shaken into a 

conical flask continuously for 3 min, then filtered through Whatmanno1 filter paper. 

2.2.2. ELISA procedure of fumonisin detection 

The mycotoxin in the samples was determined using the competitive Enzyme-Linked 

ImmunoSorbent Assay by Agra Quant total fumonisin (B1, B2 and B3) assay kit.At first step, 

$%%�&������������	��'��
��������
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)%%� &�� ��� ���� ��
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� solutions and samples were added to micro wells, respectively, and 

�����)%%�&��������������������������
�����������
������-coated wells and were incubated at 

the room temperature for 15 min.Fumonisin in samples competed with enzyme conjugate to 

connect to antibody in solid phase. After additionof substrate, blue color was observed in 
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yellow color. Samples were analyzed by the ELISA reader at 450 nm and were compared 

with standards. 

2.3. Determination of elevation 

The altitude where samples were collected was measured using a GPS instrument and 

uploaded on a computer and used to map the area sampled.  

2.4. Determination of moisture content in wheat 

The level of moisture content in wheat has been measured on the field during sample 

collection period and before starting analysis, using moisture meter. 

2.5. Evaluation of physical parameters of wheat grains quality 

A hundred grs of each sample were taken and manually separated according to their physical 

characteristics such as foreign matter, broken grains, pest damaged, rotten and diseased, heat 

damaged and immature grains then after their massweighed to evaluate the quantity of grains 

according to the physical parameter present in 100gr of sample. 

2.6. Detection and quantification of Fusarium species 

2.6.1. Culture media preparation 

19,5g of PDA has been mixed with 500ml of distilled water into a conical flask then putted 

on a hot plate to facilitate the mixture ten after into an autoclave to be sterilized for 15 

minutes on a pressure of 121 bar.  
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2. 6.2. Sample preparation 

25g of wheat samples were grindedand put in a sterilized beaker then transferred into a 

conical flask of 250ml and mixed with 225g of PBS and this was a 10-1 dilution. 

2.6.3. Procedure of detection and quantification of Fusarium sp. 

Successive decimal dilutions were performed in the same diluent to 10-3, and 0.1 ml of each 

sample was inoculated into PDA culture medium, then, the plates were incubated at 25°C for 

7 days, followed by enumeration of the colonies formed. The number of colonies was 

corrected by the dilution factor to give colony-forming units per gram (CFU)/gr. Cultural 

characterization of Fusarium spp. grown on PDA as growth rate, pigmentation and aerial 

mycelium aspect were visually assessed and microscopic observations were carried out at 40 

magnification. A Dichotomous key proposed by Pitt and Hocking (2009) was used to identify 

mold responsible for the contamination.    

2.7. Statistical analysis 

All data were analyzed using Excel and Statistical Package for Social Sciences (SPSS). 

Variation in the levels of fumonisin contamination was determined using the comparison of 

mean values.  

3. Results and discussion 

3.1. Level of fumonisin in wheat samples 

In this study, all the wheat samples (8/8) were contaminated by fumonisin with levels ranging 

from 0.56to 1.07 ppm. The figure 2 below shows the level of fumonisins in each sample from 

different areas of study. The high level of fumonisin was found in sample from Gicumbi 

district and the low level was and has been observed in sample from Rulindo district. This 

variation of fumonisin levels in those different districts can be due to different factors such as 

elevation, moisture content, etc. as explained in the following result: There are several reports 

about natural fumonisin contamination in wheat all over the world. Busman et al. (2012) 

studied 43 wheat samples with kernel black point disease from different geographic regions 

in the United States and analyzed fumonisin presence. In most of the samples (34) the levels 

of the fumonisins were below the limit of quantitation (LOQ) (1 ng/g), Four samples had low 

levels (<10 ng/g), two samples had moderate levels, while three samples had high levels 

(4500 ng/g) (Busman et al., 2012).  
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Recently, fumonisin contamination has been analyzed in 82 wheat grain samples collected 

from different supermarkets in Iran, where the overall results demonstrate that 68.2, 42.6 and 

31.7% of wheat samples showed contamination with fumonisin (Chehriet al., 2010). In 

Argentina, they studied 55 freshly harvested durum wheat samples during harvest seasons 

and found that 29 out of 30 samples (97%) were positive for fumonisins (Palacios et al., 

2011). In addition, during this recent years, fumonisins have also been found in a wide 

variety of other foods: cassava products in Tanzania (Manjula etal., 2009); garlic (powder) 

and garlic bulbs ; onion powder ; black radish ; black tea ; figs in Turkey ; peanuts in Ivory 

Coast, Cameroon and China ; and soybeans in Japan (Scott, 2012). Wine, beer and coffee can 

be contaminated by different kinds of fumonisins (Logrieco et al., 2009) and (Noonim et al., 

2009). However, even if the samples were all contaminated, the level of contamination was 

not high comparing to the standard which is 2.0 ppm for human foods according to EAS. 

�  
Figure 2: Level of fumonisin in each sample from different areas 

3.2 Relationship between elevation and level of fumonisin 

In this study, the relationship between altitudes and the level of fumonisins contamination 

were assessed. The results have shown that there is a significant positive correlation between 

the variation of altitude and the level of contamination by fumonisin at (p= 0.01) level that 

means once one parameter increase the other one also increase as shown in figure 2. 

Wheat from the high-altitude zone had significantly higher fumonisin content than wheat 

from the mid altitude zones. These high levels of fumonisins in wheat obtained from the 

high-altitude zone could be attributed to the prevailing environmental conditions. In another 

study conducted in Uganda by Atukwase et al., (2009), they reported that the high-altitude 

zone has a sub-tropical climate characterized by relatively high rainfall, high humidity and 

relatively low temperatures.  
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Figure 3: Fumonisin contamination levels and elevation of sampling areas 

Figure 4: Correlation between fumonisin levels and physical characteristics (A: Pest damage, B: 

Rotten/diseased grain, C: Broken grain and D: Heat damage). 

 

3.3 Relationship between level of fumonisin and physical characteristics of wheat grains 

The figures below show the correlation between fumonisin levels and physical 
characteristics. 
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3.4 Relationship between level of fumonisin and moisture content 

The relationship between fumonisin level and moisture content as shown in Figure 5. 

The analysis of data showed that there is a significant positive correlation between those 

physical characteristics and fumonisin level (p=0.01). It means that the level of fumonisin 

increases with the physical characteristics. Once the defect is high, the probability of 

fumonisin contamination also increases.  

Other studies have shown that the contamination of corn with fumonisin is generally a 

consequence of complex interactions among diverse environmental factors, including 

climatic conditions (such as temperature, air humidity and rainfall), insect infestation and 

agronomic practices (Santiago et al., 2015).In another study, they have shown that fungal 

growth and subsequent mycotoxin production are influenced by a variety of complex 

interactions between intrinsic and extrinsic factors as well as stress factors and physical 

damage. Intrinsic factors include moisture content or water activity, pH, nutrient content 

(substrate), inhibitors and osmotic pressure. Extrinsic factors are related to environmental 

conditions such as temperature, pest damage, relative humidity, rotten/diseased grain and 

gases in the environment. 

Factors promoting mycotoxin production can differ from mold to mold (Heperkan et al., 

2012). The figure 5shows that an increase of moisture content goes with an increase in 

fumonisin level and it has been showed by the data analysis that there is a positive significant 

correlation (p< 0.01). Grain moisture content at harvest period has been shown to favor 

Fusarium growth and fumonisin production in mature grains as this was found by Herrera et 

al. (2010) who suggested a positive correlation between moisture and fumonisin 

contamination. Another study on the influence of abiotic factors (temperature, moisture 

content, water activity, and relative humidity) on the microflora and content of fumonisins in 

freshly harvested and stored corn done by Orsi et al. (2000) concluded that there is a negative 

correlation between the presence of the Fusarium and mean temperature. The obtained results 

on moisture were found very high compared to the standard of storing conditions as 

suggested by Shirmohammadi (2014) who estimated the moisture content to be below 14.0%. 

In present study, the level of fumonisin found in wheat was in the range of standards 

according to USFDA (2001) which estimated the acceptable dose of contamination by 

fumonisin at 2 ppm. 
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3.5 Identification and quantification of Fusarium spp. 

The figure below corresponds to the Fusarium spp. observed on microscope. Figure 6 shows 

that the fungus observed to contaminate wheat grains was Fusarium spp according to the 

observed features on microscope such as macroconidia morphology and presence of 

microconidia as this explained in the key of fungi identification found in the protocol of mold 

and yeast identification available in INES Microbiology Laboratory. The results have shown 

that physical characteristics observed on a petri plate are a pink color on colonies forming 

with levels ranging from 60 to 150 CFU and the presence of a moss of white color as found 

in the same protocol (Fig. 7). The contamination level of wheat from smallholder farms is a 

reassuring finding and is probably due in part to dry weather during the wheat harvest, which 

provides poor conditions for fungal infection and mycotoxin production. In addition, 

traditional postharvest practices include sun-drying to lower moisture content and winnowing 

to remove seeds that are lighter in weight due to poor grain fill or disease. Both sun-drying 

and winnowing were found to reduce levels of rice seed infection with the blast fungus and 

are likely to similarly reduce levels of wheat seed infection with F. graminearum (Manandhar 

et al., 1998). 

Figure 5: Level of moisture content in samples from areas of study 
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Figure 7: Physical morphology of Fusarium spp. 

Figure 6: Microscopy of Fusarium spp. (A: Macroconidia, B: Microconidia) 



��������	
��������
���������	�������� ����	����������������������������������������������           

210       

4. Conclusion and recommendations 

The present showed that all wheat samples collected were contaminated by fumonisin but 

fortunately the level of contamination was not high comparing to the standard (2.0 ppm).The 

study showed that some of the production and post-harvest handling practices used by 

farmers as well as environmental conditions prevailing in the production area predispose 

wheat to fumonisin contamination.Since environmental conditions may not be easily 

controlled, wheat farmers should adopt production and handling practices that reduce 

contamination of wheat with fumonisins.Considering the health risks associated with the 

consumption of cereal products contaminated with mycotoxins, concerned institutions 

(MINAGRI, RSB, MINISANTE, etc.) must establish a legislation of maximum permitted 

limits for fumonisins.  

Further studies are necessary to investigate the presence of Fumonisins in other cereals such 

as maize, to verify the quality of agricultural products in relation to mycotoxins 

contamination. Further studies also would investigate other types of mycotoxins than 

Fumonisins in not only wheat but in other food products to have enough information on the 

current contamination of food products with mycotoxins. To train all farmers about the 

different production and handling practices thatreduce contamination of wheat with 

fumonisins. Planting treated seeds and rotating wheat with other crops should be strongly 

encouraged. Pre-harvesting preparation of the field and environments in which the crops are 

grown should be monitored properly. Farmers should stop drying wheat on bare ground and 

avoid intercropping wheat with crops that promote Fusarium infection. Based on these 

results, we consider that it is necessary to conduct further studies in order to determine the 

levels of fumonisin contamination on wheat sub products such as flour, semolina, and wheat 

manufactured food, such as pizza, noodles, pasta, cookies and in other foods which can be 

contaminated in order to determine the fumonisin intake in Rwanda. 
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