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ABSTRACT 
 
Aflatoxin and fumonisin contamination was assessed in different samples along the 
maize value chain in different territories of South Kivu province. Kabare and Ruzizi 
Plain were chosen as they represent two different agroecological areas where maize is 
mostly produced. Twelve districts and one town were selected across the province. The 
stakeholders were randomly selected, and 215 maize (139 maize grain and 76 maize 
flour) samples were taken for laboratory analysis. The Q + kit was used to determine 
the total aflatoxins and fumonisins. Three categories of maize were examined: freshly 
harvested dry maize, stored maize (maize stored for 3 months ±1.5 month) and market 
maize. Aflatoxin was found in 100% of the maize samples with the least content of 0.3 
µg/kg detected in freshly harvested dry maize with mean 3.2+0.3 and levels ranging 
from 0.3 to 18.5 µg/kg. The average level of aflatoxin in stored grain samples was 
97.9±182 µg/kg within a range of 1.16 to 841.5 µg/kg, and the mean level of aflatoxin 
in stored flour was 148.9±164.5 µg/kg with levels ranging from 2.05 to 905.1 µg/kg. 
The mean level of aflatoxin maize collected from the market was 95.1 ±164 µg/kg, 
with levels ranging from 1 to 823.2 µg/kg. Almost all the maize flour collected from 
the three areas had a high contamination level that exceeded the maximum tolerable 
limit of 10 µg/kg. Fumonisin was detected in all samples. However, the levels of 
fumonisin do not follow a specific trend with the duration of storage. The freshly 
harvested dry maize concentration was 2.4±5.1 µg/g, with levels ranging from 0.03 to 
20.9µg/g. About 37% of freshly harvested maize samples contaminated by fumonisin 
exceeded the maximum tolerable limit of 4 µg/kg. There was a difference between total 
fumonisin in grain and flour; the average level of fumonisin in stored maize grain was 
1.4±0.9 µg/g with levels ranging from 0.18- 4.7 µg/g while in flour, the level was 
2.1±1.3 µg/g with levels ranging from 0.3-4.5 µg/g. Almost all the maize samples 
collected from the three areas had a degree of contamination that did not exceed the 
maximum tolerable limit of 4 µg/g. These results indicate that the two mycotoxin 
levels, particularly aflatoxin, were high in the different samples collected at specific 
nodes. Therefore, preventing mycotoxins accumulation in maize by post-harvest 
prevention of contamination and growth of toxigenic moulds by promoting proper grain 
drying and storage should be encouraged among the actors of the maize value chain. 
 
Key words: Aflatoxins, Fumonisins, Food value chain, Maize, South Kivu 
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INTRODUCTION 
 
Maize (Zea mays L.) is an important cereal crop used as an energy source by humans 
and animals in different parts of the world. In Africa, maize is a primary cereal grain 
[1]. Maize is the main dietary staple of the Congolese; South Kivu (234628.2 
tonnes/year) and Kwilu (243046.5 tonnes/year) are among the main maize production 
zones in the Democratic Republic of Congo (DRC) [2,3]. In South Kivu, two-thirds of 
households consume maize flour daily. The maize value chain in South Kivu has 
encountered many challenges, and the most prevailing one is contamination by fungi 
that produce toxin due to the atmospheric rainfall (800-1000 mm) and high-temperature 
conditions (20°C-26°C), which are key factors in the development of the fungi, and the 
production of the mycotoxin. Contamination can start in the field, worsen during 
harvesting, handling, drying and processing. Also, the development of toxins can 
continue during the storage of maize and its derived products [4]. Additionally, maize 
is mainly produced in different rural areas before transportation throughout the 
province; the transportation of maize over long distances may create potential 
additional opportunities for exposure, contamination and growth of mycotoxigenic 
moulds.  
 
The two main mycotoxins associated with maize in the tropics, especially in Africa, are 
aflatoxins and fumonisins [5]. Fungus Aspergillus spp. mainly produce aflatoxins in 
maize, but A. flavus and A. parasiticus are the common species, whereas Fusarium 
verticillioides is known to produce fumonisin [6-7]. Once formed, mycotoxins are not 
easy to remove or decompose from foodstuff and animal feed [8]. Therefore, when the 
mycotoxin contamination in a maize consignment is not controlled, the consignment 
ends up being destroyed or rejected, leading to a serious economic loss [9].  
Considering health problems, the correlation between the level of exposure to aflatoxin 
and the incidence of hepatocellular carcinoma (HCC) is direct [10]. Research has 
shown that if there is a reduction in aflatoxin contamination to a level below the 
maximum tolerable limit in Asia and sub-Saharan Africa between 72,800 and 98,800 
new HCC cases could be prevented [11]. The interaction between aflatoxin exposure 
and chronic hepatitis B virus infection in HCC formation is proven [12]. A survey was 
conducted, and the results showed that the chronic Hepatitis B infection is high in 
South Kivu, with 4.8% [13]; which means that individuals infected with Hepatitis B 
virus who live in South Kivu consumption of aflatoxins at a high level are more likely 
to develop the HCC. Fumonisin is produced by several Fusarium species and cause a 
potential threat to animal and human health throughout naturally infected grain used for 
feed and food. Fumonisin may modify cell morphology, cell-cell interactions, the 
behaviour of cell surface proteins, protein kinase activity, and cell growth and viability 
[14], and may induce apoptosis in animal and plant cells [15,16]. The knowledge to 
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date is that fumonisin and aflatoxins levels are not regulated in food and feed products 
in DRC.  
 
The presence of mycotoxins in food consumed in most African countries is often 
undetected due to limited human and infrastructural capacity to determine mycotoxin 
presence and toxicity. In addition, maize is largely cultivated by small-scale farmers 
using low-cost technologies and non-improved maize varieties that are susceptible, and 
the regulation of control of exposure to mycotoxigenic fungi are non-existent. 
Likewise, many African countries lag behind industrialized countries in pre-and post-
harvest management practices to minimize the consumption of mycotoxin-
contaminated food [17]. Lack of sufficient food, especially in rural areas, contributes to 
food consumption with mould presence, even if the growth of mould has modified the 
sensory quality of the food. The drawback of consuming mycotoxin-contaminated food 
are well known [18]. Fumonisins specifically are known to cause oesophagal cancer 
and suppress immune function [19]. 
 
Despite these health risks, no study has assessed the prevalence and incidence of 
mycotoxins in foods along supply chains in South Kivu. Most research on mycotoxins 
analyzes the prevalence and incidence at specific points (for example, at farm level, 
food storage or marketing). In addition, very few studies have examined how the 
commodity supply chain might affect mycotoxin prevalence. However, the commodity 
structure is essential as the maize supply chain in DRC is mostly a long and fragmented 
supply chain with many actors engaged [20]. Therefore, the objective of this study was 
to assess the occurrence of aflatoxin and fumonisin in the supply chain of South Kivu 
maize for human consumption in two different agroecological zones. 

 
MATERIALS AND METHODS 
 
Study area 
Two different agroecological zones and one town were considered. The study area is 
South Kivu province in Eastern DRC (Fig. 1). South Kivu province covers over 65,000 
square kilometres with geographic coordinates 3°1'S 28° 16'E. This area was selected 
because it is a major maize producing area for human consumption, poultry and 
aquaculture production [21]. Ruzizi Plain and Kabare territories were chosen to 
represent the two different agroecological zones in South Kivu. These areas differ in 
rainfall, altitude and average temperature. Kabare is well known as a high-altitude area, 
while the Ruzizi plain represents the low altitude. Although the study area is not 
nationally representative, it covers the main maize consumption and production area in 
Eastern DRC. 
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Figure 1: Map of the study area, South Kivu Province 
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Sample collections 
Samples collection focused on different stakeholders along the maize value chain; this 
included farmers (freshly harvested dry maize), stored and retailed maize. Sampling 
was done between May and September 2020 in Kabare, Ruzizi Plain, and Bukavu 
town. The representative data set was collected from a list of villages in each district. 
The list was obtained from Provincial Inspection for Agriculture and Livestock 
(IPAPEL). Five villages were selected based on maize consumption and production 
area in Kabare districts (Kabamba, Miti, Mudaka, Kavumu and Irhambi-Katana) and 
seven villages in Uvira district (Kamanyola, Luvungi, Katogota, Sange Luberizi, 
Kiliba, and Lubarika). In Bukavu town, three municipalities were selected, including 
Bagira, Kadutu and Ibanda. Different actors were chosen to be interviewed in each 
village using the probability proportional to size (PPS) sampling approach [22]. A total 
of 215 (freshly harvested dry maize, stored maize, and sold maize) samples were 
collected from farmers, stores and vendors using a random sampling approach simple 
random sampling; the samples were collected during visits for interview. Two samples 
were collected from each individuals stakeholders , depending on available samples. 
 
Sample collection from farmers  
Farmers with a field of 2500 acres±1000 were chosen for maize sampling. In each 
territory, freshly harvested maize cobs were collected from 32 randomly selected farms. 
The maize cobs were placed in a well-sealed polyethene bag and labelled. The maize 
grain on the cob was dehulled using an electric dehuller, mixed by hand, and 500-g 
grain was taken from each batch as a separate sample. The moisture content was 
determined by using the drying oven method [23]. This method implies weighing the 
sample before and after drying and determining the difference. During transportation, 
the samples were stored in well-sealed and labelled polyethene bag and then kept in a 
cool box. Then after reaching the laboratory, we took the moisture content and the 
samples were stored in a refrigerator at 4°C before analysis. 
 
 Sample collection from stores  
The samples collected from different stores were kept in a sealed polyethene bag. 
Seventy-six samples, both flour (38) and grains (38), were collected from stores. Five 
hundred grams of each maize grain sample were ground separately using a laboratory 
blender (model 37BL85; Dynamics Corporation of America, USA). Sub-samples of 
250 g were taken from the batches and placed in a tightly sealed and labelled 
polyethene bag for mycotoxin analysis. The samples were stored in the refrigerator at 
4°C before analysis. 
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Sample collection from the markets 
Fourteen major maize wholesale markets in South Kivu province were selected to 
collect maize (37) and flour samples (38). Four wholesale markets were located in an 
urban area (Kadutu, Mashinji, Kamagema and Nyawera market), while 10 markets 
were located in a rural area (Miti, Mudaka, Kavumu, Katana and Kabamba in Kabare 
and Kamanyola, Kiliba, Luvungi, Luberizi and Sange in Uvira).  
Samples of 500 g of maize grain or maize flour were bought from vendors. The maize 
grains were ground with a grinder, and 250 g sub-samples were taken from the batches 
and placed in tightly sealed and labelled polythene bags for mycotoxin analysis. The 
samples were stored at 4°C before analysis.  
 
Sample preparation and mycotoxin extraction 
For each grain sample, 250 g were ground to a fine powder using a laboratory blender. 
The analysis of total aflatoxin and total fumonisin of the maize samples was quantified 
using the manufacturer's instructions provided with the Reveal Q+ kits 
(Neogen®Corporation, Lansing, MI, USA). About 10 g of the mill sample was 
incorporated into 50 ml of 65% (v/v) ethanol in 100 ml. The obtained suspension was 
shaken (model HS 501 D Shaker; IKA, Germany) at 200 rpm for 3 min to extract the 
mycotoxins. The mixture was filtered using filter paper (Whatman No. 1, WHAT-
MAN International Ltd, Mad Stone, England). For aflatoxin analysis, 500 µl of diluent 
was added into a well-labelled red dilution cup followed by 100 µl of sample filtrate 
and then mixed by pipetting up and down 5 times. The analysis of fumonisin was 
performed by adding 400 μl of diluent into a small cup followed by the addition of 200 
μl of the sample extracted and then thoroughly mixed as said previously for aflatoxin. 
One hundred microliters (100 µl) of the diluted sample extract were transferred into the 
cartridge with a Reveal Q plus test strip. Results were obtained within 6 minutes for 
each sample. Aflatoxin concentration was quantified in μg/kg while fumonisin 
concentration was quantified in µg/g. Grain and flour samples were analyzed in 
duplicate. 
 
Statistical analyses 
Data processing and analysis were computed by using Excel and R software. Before 
analysis, the data were verified, compiled, coded and summarized. Then, the average 
and standard deviations for each area were then calculated using R software and 
Kruskal–Wallis non-parametric test to compare the means and distributions of aflatoxin 
and fumonisins among the samples collected. All tests were performed at 0.05 
significance level. 
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RESULTS AND DISCUSSION 
 
Humidity, fumonisin and aflatoxin content in freshly harvested maize grain. 
The humidity for freshly harvested maize samples was 19.2±0.8%. The total maize 
samples had detectable concentrations of aflatoxin and fumonisin. Maize from Ruzizi 
plain had a high level of fumonisin with 5.5±5.6 µg/g.  
 
Maize harvested from the two territories sampled in the South Kivu province had an 
average aflatoxin content below 3 µg/kg. About 10% of the samples had an aflatoxin 
level that exceeded 10 µg/kg. 
 
No significant difference was found in aflatoxin contaminations between the two 
locations, however there was a difference in fumonisin contamination between the two 
location (Table 1). 
 

 
                              (a)                                                                             (b) 
Figure 2: The proportion of samples at each concentration of fumonisin (a) and 

aflatoxin (b) in freshly harvested dry maize grain samples 
 
The total maize samples had detectable concentrations of aflatoxin and fumonisin. Only 
about 37% of freshly harvested maize samples exceeded the maximum tolerable limit 
of 4 µg/kg of fumonisin (Fig. 2a). Maize samples harvested from farmers in the Ruzizi 
Plain had significantly higher (P<0.05) fumonisin concentrations than Kabare. For 
aflatoxin contamination, about 5% of samples collected from Kabare had high 
concentrations (Fig. 2b). 
 
Thirsty-seven percent samples of freshly harvested maize from Ruzizi Plain contained 
detectable fumonisin concentrations (>4 µg/g). The high contamination observed in 
Ruzizi plain may probably be due to the attack of some fall armyworm Spodoptera 
frugipeda [24]. According to Miller [25], Fusarium grain rot (F. verticillioides and F. 
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proliferatum) is higher in hot environments and dry climates. In such environments, 
insect damage is well known as an essential factor. Additionally, the hot and dry 
weather conditions prevailing in Ruzizi Plain could favour Fusarium spp. Weather 
conditions influence the contamination of maïze, especially for aflatoxin and 
fumonisin. But Fusarium spp., the fumonisin producing fungus, is present under a large 
range of climatic conditions. The development of grain is crucial; heat stress during this 
period, especially night temperatures above 20ºC, is an important factor for mycotoxin 
contamination [26]. The optimal environment for Fusarium species that cause ear rot in 
maize tends to be warm and dry [27]. 
 
Fusarium spp. can produce fumonisin on maize kernels at different stages of 
reproductive development, even if the amounts produced differ significantly. 
Fumonisin production is influenced by substrate composition humidity. Most changes 
in kernel composition occur during maturation. These modifications may represent a 
developmental transition in signalling metabolites within the developing kernel that 
could also play a role in regulating fumonisin synthesis [28]. 
 
Drought and high temperatures during grain filling are factors that trigger aflatoxin 
production by Aspergillus spp. Nitrogen deficiency, excessive plant population, poor 
root development and insect damage to grains can also induce aflatoxin production in 
the field. When weather conditions are favourable for fungal development, aflatoxins 
can be produced at any stage of production and processing [29].  
 
Freshly harvested maize can be exposed to a wide range of contamination inducing 
factors such as high temperatures, humidity, and other factors such as storage facilities 
and packaging, which can trigger re-contamination [30]. 
 
 Fumonisin and aflatoxin content in stored maize grain and flour 
All stored maize samples contained detectable concentrations of aflatoxin and 
fumonisin. 
 
For the fumonisin, samples collected from Ruzizi Plain had the highest fumonisin 
concentration (Table 2). The overall mean of fumonisin of 1.4±0.9 µg/g was observed 
in maize grain, while 2.1±1.3µg/g was found in flour. As opposed to aflatoxin, almost 
all samples in storage had non-detectable concentration of fumonisin. The overall 
maximum concentration of aflatoxin in stored maize was 97.9±182 μg/kg with levels 
ranging from 1.16 to 841.5 μg/kg for maize and mean of 148.9±164.5 μg/kg with levels 
ranging from 2.05 to 905.1 µg/kg for flour. The high value for aflatoxin contamination 
was found in samples collected in Bukavu town (Table 2). There were significant 
differences (p<0.05) in aflatoxin contamination between flour and grain. 
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                       (a)                                                                                          (b) 
 
Figure 3: The proportion of samples at each concentration of fumonisin in grain 

(a) and flour (b) from stored maize 
 
About 9% of grain samples from Ruzizi Plain had fumonisin levels >4 mg/kg (Fig. 3a), 
while 22% for Kabare flour had the levels >4 mg/kg (Fig. 3b). 
 
About 95% of grain samples from Bukavu had aflatoxin levels >10 µg/kg, while 100% 
of Bukavu flour had > 10 µg/kg (Fig.4a, 4b). Almost all the flour samples from the 
three areas had a high level of >10 µg/kg (Fig.4). 

 

                              (a)                                                                                    (b) 
Figure 4: The proportion of samples at each concentration of aflatoxin in grain (a) 

and flour (b) from stored 
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Samples collected from stores were taken from sacks of maize found in storage 
facilities, and the differences in contamination indicate the differences in handling and 
long-term storage practices (4 month ±1.5). For example, in a study conducted in 
Senegal, the improved bags controlled insect infestation and mycotoxins levels without 
using chemicals [31], while the storage length was associated with high aflatoxins 
contamination in Benin [32]. 
 
The fumonisin content does not follow any particular trend with the length of storage 
time. For the stored samples, the fumonisin contamination range from 0.18- 4.7µg/g, 
while for the market samples, it ranged from 0.02-7.6µg/g. Comparative results were 
also reported in Malawi with total fumonisins ranging from 0.1-4 µg/g [5]. Currently, 
there are no regulatory provisions regarding fumonisins in DRC, and, as a result, 
maximum permissible levels have not yet been set. In the meantime, for food, a 
maximum permissible limit for fumonisins of 4 mg/kg had been set by Codex 
Alimentarius. This maximum fumonisin concentration in maize was higher than the 
6.54 mg/kg reported by [33] in Brazil; 2.4 mg/kg reported in Benin [34]. 
 
These results corroborate previous studies, which show that aflatoxin content increases 
with the length of storage in hot and humid countries, as the combination of heat and 
humidity favour the growth of Aspergillus fungi, which produce aflatoxins [35]. The 
results obtained compare very well with others [36], which showed that aflatoxin 
contamination in the DRC is real. Studies done in West DRC reported that aflatoxin 
contamination in Kinshasa is present throughout the maize value chain, with a 
considerable increase, up to 500-fold at the city store compared to the pre-harvest and 
haverst samples [37]. Another study done in Benin reported that higher aflatoxins 
levels were associated with a short storage period of 3–5 months [32], but on the other 
hand, an increase in aflatoxin levels in all storage systems throughout the storage 
period (8 months) in Benin [34].  
 
A higher incidence of aflatoxins contamination was observed in maize stored for 6 
months than in the freshly harvested maize at 0 months of storage in Benin[31].  
Aflatoxin contamination was facilitated by long-term storage under unhygienic and 
non-ventilated conditions in Benin and Togo[38]. Thus, to reduce consumer exposure 
to aflatoxins, there is a need to focus on interventions targeting all players in the value 
chain. Mitigating contamination during maize production in the field does not 
guarantee product safety for the final consumer. 
 
Fumonisin and aflatoxin content in market maize 
All grain and flour samples from the market contained detectable concentrations of 
aflatoxin and fumonisin. The maximum concentration of fumonisin was 7.650 µg/g in 
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grain and 5.150 µg/g in flour while aflatoxin from market samples were 823.2 µg/kg 
for maize and 1035.4 µg/kg for flour.  
 
This high concentration of aflatoxin contamination in both grains and flour was found 
from samples collected from Bukavu Town (Table 3). On average, total aflatoxins in 
Bukavu samples exceeded the European regulatory limits for aflatoxins of 4 µg/kg. 
 

 
                                   (a)                                                                              (b) 
Figure 5: Percent of samples at each concentration of fumonisin from grain (a) 

and flour (b) collected from the market 
 
From the result in Fig. 5a, it is noticed that 25% of grain from Bukavu had a value 
exceeding 4 µg/g. When the grain and flour results are compared, we realized that 10% 
of the flour from Bukavu had a level of fumonisin beyond the maximum limit set by 
the European Union (Fig. 5b). Results showed differences (p<0.05) in aflatoxin 
contamination between grains and flour among the territories (p ≤ 0.05). 
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                                      (a)                                                                                   (b) 
Figure 6: Percent of samples at each concentration of aflatoxin from grain (a) and 

flour (b) collected from the market 
 
About 92% and 100% of grain and flour, respectively (Fig. 6a, 6b) sold at Bukavu 
market were contaminated. There were significant differences (p<0.05) in aflatoxin 
contamination between grains and flour among the territories (p ≤ 0.05).  
 
Based on the product's origin, the results in Table 4 show maize grains and flour 
samples collected from the market originate in Kabare, Kalehe, Katanga, North Kivu, 
and the Ruzizi Plain. Most of these samples were contaminated by both forms of 
mycotoxin. Fumonisin-positive samples from maize ranged from 0.02-7.6 ug/g with the 
mean of 1.5±1.6, with a high value in grains from the Ruzizi Plain (2.1± 1.8) and the 
range of 0.1-7.6 Regarding aflatoxin contamination, the values vary from 1.07 to 823.2 
ug/kg, the high value registered from samples collected in the Ruzizi plain with 823.2 
ug/kg. In addition, high levels of aflatoxin were detected in maize flour from North 
Kivu with 1035.4 ug/kg. 
 
The data from laboratory analysis (Fig. 7) show that total fumonisin in grain and flour 
distributions across different regions of origin of the product ranged from 0.02 for 
Kabare to 7.6 µg/g for North-Kivu, which had a 56% positive samples that were above 
the European limit.  
 
About 100% of the grain and maize flour from Kalehe, Katanga, North-Kivu, and 
Ruzizi Plain were not fit for human consumption as aflatoxin contamination was 
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beyond the maximum tolerable limit of 10 µg/kg. There were significant differences in 
aflatoxin contamination between grains and flour among the territories (p ≤ 0.05). 
 

 
                              (a)                                                                                   (b) 
 
 

 
                                 (c)                                                                                     (d) 
Figure 7: Percent of samples collected from the market at each concentration of 

fumonisin from grain (a) and flour (b) and of aflatoxin grain (c) and 
flour (d) according to their origin 

 
There is limited information on the occurrence and the level of human exposure to 
mycotoxins except for aflatoxin in the Democratic Republic of Congo. However, the 
prevalence and level of human exposure to aflatoxins has been examined globally and 
has shown that about 4.5 billion people living in the developing world are exposed to 
large amounts of uncontrolled toxins [39]. These results mean that people living in 
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affected areas are exposed to some bad effects of mycotoxin ingestion. In addition, 
fumonisin has been detected in almost all the samples collected, indicating a likelihood 
of other fusarium mycotoxins [40]. Studies indicated that aflatoxins and fumonisins 
might remain a food safety issue. Therefore, any technology or methods used to reduce 
these contaminants should be accompanied by measures to prevent exposure to fungi 
throughout the value chain (fields, stores, markets and homes). 
 
CONCLUSION 
 
Based on the findings of this study, it was observed that freshly harvested, stored, and 
marketed samples were contaminated by aflatoxin and fumonisin to various extents. 
The mycotoxin contamination of maize can occur at any node on the value chain. 
However, the high contamination of aflatoxin can be found in stored and market maize 
products. Almost all the maize samples from Bukavu Town, had aflatoxin 
contamination beyond the acceptable levels set by the European Union and Codex 
Alimentarius. Consumption of mycotoxin-contaminated maize products increased the 
risk of aflatoxin exposure among people living in an urban area. There is, therefore, a 
need to put in place strategies for reducing mycotoxin contamination along the maize 
value chain, such as conducting training for all stakeholders involved on food handling, 
processing and storage techniques in order to reduce mould growth and mycotoxin 
contamination in maize. In addition, research and policy interventions that support the 
development and dissemination of improved maize varieties resistant to fungal 
infection and mycotoxin control on maize fields are important, unless there is a 
possibility of changing food preparation practices by using the nixtamilization process. 
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Table 1: Incidence of mycotoxin contamination in freshly harvested dry maize grain 

samples  
       Moisture (%)      Fumonisin (µg/g)  Aflatoxin (µg/kg) 

  Mean  Range Mean Range  Mean Range 
Kabare 19.1±0.8 17.8-21 0.25±0.2b 0.03-1.6  2.7±4 0.3-18.5 
Ruzizi Plain 19.5±0.9 18-21 5.5±5.6a 0.2-20.9  2.3±1.2 0.5-5.2 
Total 19.2±0.8 17.8-21 2.4±5.1 0.03-20.9  3.2±0.3 0.3-18.5 
Means with the same letter are not significantly different from each other (P>0.05) 

 
Table 2: Aflatoxin and fumonisin contamination in stored maize grain and flour 
  Fumonisin (µg/g) Aflatoxin (µg/kg) 
Stored Average  Range Average Range 
Grain 1.4±0.9 0.18- 4.7 97.9±182 1.16-841.5 
Bukavu 1.1±0.8a 0.1-2.8 243.9±246a 9.3-841.5 
Kabare 1.8±0.7b 0.7-2.9 3.8±2.3b 1.5-10.15 
Ruzizi plain 1.5±1.1ab 0.2-4.7 32.5±55.4b 1.1-169.1 
Flour 2.1±1.3 0.3-4.5 148.9±164.5 2.05-905.1 
Bukavu 1.3±1.1a 0.3-3.5 193.9±206.5a 70.5-905.1 
Kabare 2.6±1.2b 1.5-4.5 129.4±27.5a 81.7-172.7 
Ruzizi plain 3.2±0.7b 1.5-3.9 49±38.7b 2-87.2 
Means with the same letter are not significantly different from each other (P>0.05) 

 
Table 3: Aflatoxin and fumonisin contamination in marketed maize grain and flour 

  Fumonisin Aflatoxin 

Market/Product Average Range Average Range 

Grain 1.5±1.6 0.02-7.6 95.1 ±164 1-823.2 
Bukavu 2.2±1.6a 0.2-5.2 205±230.2a 2.6-823.2 
Kabare 0.4±0.5b 0.02-1.6 25.6±44.2b 1-116.3 
Ruzizi plain 2±2.1b 0.19-7.6 42.6±62.1b 2.4-187 
Flour 2.3±1.1 0.05-5.1 415.8±377.4 4.1-1035.4 
Bukavu 2.8±0.8 1.5-5.150 610.1±312.8 96.05-1035.4 
Kabare 0.4±0.5 0.05-1.155 35.6±52.7 4.6-96.5 
Ruzizi plain 1.7±0.7 1.030-2.850 23.8±19.3 4.1-52 

Means with the same letter are not significantly different from each other (P>0.05) 
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Table 4: Aflatoxin and fumonisin contamination in marketed maize grain and 
flour by the product's origin 

 
  Fumonisin Aflatoxin 
Origin Average (µg/g)  Range Average(µg/kg)   Range 
Maize 1.5± 1.6 0.02-7.6 95.1± 164 1- 823.2 
    Kabare 0.1± 0.1a 0.02-0.5 2.5± 1.1a 1.0-4 

Kalehe 1.2± 0.3ab 0.9-1.6 102.8± 12.8b 90.8-116.3 
Katana 1.3± 1.2ab 0.2-3.2 197± 190.7b 67.4-520 
North Kivu 3.0± 2.1b 1.1-5.2 126.9±116.6b 2.6-237.7 

    Ruzizi plain 2.1± 1.8b 0.1-7.6 114.1±216.2b 2.4-823.2 
Flour 2.3±1.3 0.05-5.1 415.8±377.4 4.1-1035.4 

Kabare 0.1± 0.1a 0.05-0.2 5.2± 0.8ab 4.6-5.8 
Kalehe 1.4± 0.4ab 1.1-1.8 549.4±640.5ab 96.5-1002.4 
Katana 3± 0.6b 2.5-4.2 588.8±303.5ab 178.2-1031 
North Kivu 3.1± 0.9b 2.2-5.1 613.4± 338.3a 96-1035.4 
Ruzizi plain 2.1± 0.8b 1.0-3.9 243.8± 335.6b 4.1-1009.5 

Means with the same letter are not significantly different from each other (P>0.05) 

 
  



 
 

 https://doi.org/10.18697/ajfand.108.21695 19818 

REFERENCES 

1. Smale M, Byerlee D and T Jayne Maize revolutions in Sub-Saharan Africa, 
Afr. Gr. Rev. 2013; 165-195. 

2. Famine Early Warning Systems Network). Supply and market outlook 
Democratic Republic of Congo Fewsnet 2018. 

3. World Food Program (WFP). Sécurité alimentaire, niveau de production 
agricole et Animale, Évaluation de la Campagne Agricole 2017- 2018 et Bilan 
Alimentaire du Pays. Rapport 2018. 

4. Bankole SA and A Adebanjo Mycotoxins in Food in West Africa: Current 
Situation and Possibilities of Controlling, It. Afr. J. Biotechnol. 2003; 2:254–263.  
https://doi.org/10.5897/AJB2003.000-1053 

5. Darwish WS, Ikenaka Y, Nakayama SMM and M Ishizuka An Overview on 
Mycotoxin Contamination of Foods in Africa, J. Vet. Med. Sci. 2014; 76: 789–
797. https://doi.org/10.1292/jvms.13-0563  

6. Chulze SN Strategies to Reduce Mycotoxin Levels in Maize during Storage: A 
Review, Food Additives & Contaminants: Part A. 2010; 27:651–657. 
https://doi.org/10.1080/19440040903573032 

7. Pereyra CM, Cavaglieri LR, Chiacchiera SM and AM Dalcero Mycobiota 
and Mycotoxins Contamination in Raw Materials and Finished Feed Intended for 
Fattening Pigs Production in Eastern Argentina. Vet Res Commun. 2011; 35: 
367–379. https://doi.org/10.1007/s11259-011-9483-9 

8. Turner NW, Subrahmanyam S and SA Piletsky Analytical Methods for 
Determination of Mycotoxins: A Review, Analytica Chimica Acta. 2009; 
632:168–180. https://doi.org/10.1016/j.aca.2008.11.010 

9. Calado T, Venâncio A and L Abrunhosa Irradiation for Mold and Mycotoxin 
Control: A Review: Irradiation of Molds and Mycotoxins, Comprehensive 
Reviews in Food Science and Food Safety. 2014; 13:1049–1061. 
https://doi.org/10.1111/1541-4337.12095  

10. Liu Y, Chang CCH, Marsh GM and F Wu Population Attributable Risk of 
Aflatoxin-Related Liver Cancer: Systematic Review and Meta-Analysis, 
European Journal of Cancer 2012; 48: 2125–2136. 
https://doi.org/10.1016/j.ejca.2012.02.009  



 
 

 https://doi.org/10.18697/ajfand.108.21695 19819 

11. Herbst DA and KR Reddy Risk Factors for Hepatocellular Carcinoma: Risk 
Factors for Hepatocellular Carcinoma. Herbst and Reddy. Clinical Liver Disease. 
2012; 1:180–182. https://doi.org/10.1002/cld.111 

12. Kew MC Hepatocellular carcinoma in Africa. In: About Cancer in Africa Paris: 
National Cancer Institute of France (Inca), 2007; 221-241. 
http://dx.doi.org/10.5772/51396 

13. Kabinda JM, Ramazani SY, Misingi P and M Dramaix-Wilmet Blood 
transfusion in the Democratic Republic of Congo: efforts and challenges. 
Médecine et Santé Tropicales. 2015; 25 :342–349. 
https://doi.org/10.1007/s12157-010-0204-8 

14. Katengesya TP Aflatoxin and fumonisin contamination in homemade and 
commercial cereal based complementary foods with formula in Morogoro 
municipality, Tanzania. 117. 

15. Joint FAO/WHO Expert Committee on Food Additives (JECFA). Evaluation 
of certain mycotoxins (Fifty-sixth report of the Joint FAO/WHO Expert 
Committee on Food Additives). WHO Technical Report Series (2002) No. 906. 

16. Merrill AH, Liotta DC and RT Riley Fumonisins: fungal toxins that shed light 
on sphingolipid function. Trends Cell Biol. 1996; 6: 218–223. 
https://doi.org/10.1016/0962-8924(96)10021-0  

17. Wang H, Jones C, Ciacci-Zannella H, Holt T, Gilchrist DG and M Dickman 
Sphinganine analogue mycotoxins induce apoptosis in monkey kidney cells. 
Proc. Natl. Acad. Sci. USA 1996; 93: 3461–3465. 

18. Wang H, Li J, Bostock RM, and DG Gilchrist Apoptosis: a functional 
paradigm for programmed plant cell death induced by a host selective phytotoxin 
and invoked during development. Plant Cell 1996; 8:375–391 
https//:doi.org/10.1105/TPC.8.3.375 

19. Chen C, Mitchell NJ, Gratz J, Houpt ER, Gong Y, Egner PA, Groopman 
JD, Riley RT Showker JL, Svensen E, Mduma ER, Patil CL and F Wu 
Exposure to Aflatoxin and Fumonisin in Children at Risk for Growth Impairment 
in Rural Tanzania. Environment International, 2018; 115:29–37. 
https://doi.org/10.1016/j.envint.2018.03.001 

20. Kamika I, Ngbolua KN and M Tekere Occurrence of aflatoxin contamination 
in maize throughout the supply chain in the Democratic Republic of Congo, 
Food Control. 2016; 69:292–296. https://doi.org/10.1016/j.foodcont.2016.05.014 



 
 

 https://doi.org/10.18697/ajfand.108.21695 19820 

21. IPAPEL (2019). Rapport annuel 2019, Bureau de pêche. IPAPEL-SK. 

22. Taherdoost H Sampling Methods in Research Methodology; How to Choose a 
Sampling Technique for Research, SSRN Journal. 2016. 
https://doi.org/10.2139/ssrn.3205035 

23. Ahn JY, Kil M, Kong C and BG Kim Comparison of Oven-drying Methods for 
Determination of Moisture Content in Feed Ingredients, Asian Australas. J. 
Anim. Sci. 27 2014; 27: 1615–1622. https://doi.org/10.5713/ajas.2014.14305  

24. Cokola MC, Mugumaarhahama Y, Grégoire N, Muzee LK, Mugisho JZ, 
Aganze VM and AK Lubobo Fall Armyworm Spodoptera frugiperda 
(Lepidoptera: Noctuidae) in South Kivu, DR Congo: Understanding How Season 
and Environmental Conditions Influence Field Scale infestation Neotropical 
Entomology, 2021; 50(1):145-155. 

25. Miller JM Factors That Affect the Occurrence of Fumonisin, Environmental 
Health Perspectives. 2001; 109 -124. 

26. Abbas HK, Zablotowicz RM, Bruns HA and CA Abel Biocontrol of aflatoxin 
in corn by inoculation with non-aflatoxigenic Aspergillus flavus isolates. 
Biocontrol Science and Technology. 2006; 16: 437–449. 
https://doi.org/10.1080/09583150500532477 

27. Doohan FM, Brennan J and BM Cooke Influence of climatic factors on 
Fusarium species pathogenic to cereals. Eur J Plant Pathol. 2003; 109:755-768. 

28. Warfield CY and DG Gilchrist Influence of Kernel Age on Fumonisin 
B1Production in Maize by Fusarium moniliforme. Appl. Environ. Microbiol. 
1999; 65:2853–2856. https://doi.org/10.1128/AEM.65.7.2853-2856.1999 

29. Alptekin Y, Duman AD and MR Akkaya Identification of fungal genus and 
detection of aflatoxin level in second-crop corn grain. J Anim Vet Adv. 2009; 8 
(9): 1777–1780. 

30. Krnjaja V, Lukic M, Delic N, Tomic Z, Mandic V, Bijelic Z and M Gogic 
Mycobiota and mycotoxins in freshly harvested and stored maize. Bio Anim 
Husb. 2015; 31: 291–302. https://doi.org/10.2298/BAH1502291K 

31. Hell K,Cardwell KF, Setamou M and HM Poehling The influence of storage 
practices on aflatoxin contamination in maize in four agroecological zones of 
Benin, West Africa. Journal of Stored Products Research. 2000; 36:365–382. 
https://doi.org/10.1016/S0022-474X(99)00056-9 



 
 

 https://doi.org/10.18697/ajfand.108.21695 19821 

32. Hell K, Cardwell KF and HM Poehling Relationship between Management 
Practices, Fungal Infection and Aflatoxin for Stored Maize in Benin. J 
Phytopathol. 2003; 151: 690–698. https://doi.org/10.1046/j.1439-
0434.2003.00792.x 

33. Queiroz VAV, Oliveira Alves GL, Da Conceição RRP, Guimarães LJM, 
Mendes SM, de Aquino Ribeiro PE and RV da Costa Occurrence of 
fumonisins and zearalenone in maize stored in the family farm in Minas Gerais, 
Brazil. Food Control. 2012; 28: 83–86. 
https://doi.org/10.1016/j.foodcont.2012.04.039. 

34. Fandohan P, Ahouansou R, Houssou P, Hell K, Marasas WOF and MJ 
Wingfield Impact of mechanical shelling and dehulling on Fusarium infection 
and fumonisin contamination in maize, Food Additives and Contaminants. 2006; 
23: 415–421. https://doi.org/10.1080/02652030500442516 

35. Villers P Aflatoxins and safe storage. Front. Microbiol. 2014; 5: 158. 

36. Udomkun P, Wossen T, Nabahungu NL, Mutegi C,Vanlauwe B and R 
Bandyopadhyay Incidence and farmers' knowledge of aflatoxin contamination 
and control in Eastern The Democratic Republic of Congo. Food Sci Nutr. 2018; 
6: 1607–1620. https://doi.org/10.1002/fsn3.735 

37. Kamika I, Ngbolua KN and M Tekere Occurrence of aflatoxin contamination 
in maize throughout the supply chain in the Democratic Republic of Congo. 
Food Control.2016; 69:292–296. https://doi.org/10.1016/j.foodcont.2016.05.014 

38. Egal S, Hounsa A, Gong YY, Turner PC, Wild CP, Hall AJ, Hell K and KF 
Cardwell Dietary exposure to aflatoxin from maize and groundnut in young children 
from Benin and Togo, West Africa. International Journal of Food Microbiology. 
2005; 104: 215–224. https://doi.org/10.1016/j.ijfoodmicro.2005.03.004 

39. Valencia-Quintana R, Milić M, Jakšić D, Šegvić Klarić M, Tenorio-Arvide 
MG, Pérez-Flores GA, Bonassi S and J Sánchez-Alarcón Environment 
Changes, Aflatoxins, and Health Issues, a Review. IJERPH. 2020; 17 7850. 
https://doi.org/10.3390/ijerph17217850 

40. Sangare-Tigori B, Moukha S, Kouadio HJ, Betbeder AM, Dano DS and EE 
Creppy Co-occurrence of aflatoxin B 1, fumonisin B 1, ochratoxin A and 
zearalenone in cereals and peanuts from Côte d'Ivoire Food Additives and 
Contaminants 2006; 23: 1000–1007. https://doi.org/10.1080/02652030500415686 


