Afr. J. Food Agric. Nutr. Dev. 2020; 20(6): 16793-16809

https://doi.org/10.18697/ajfand.94.20110

EXPOSURE OF SCHOOL CHILDREN TO AFLATOXINS AND FUMONISINS
THROUGH MAIZE-BASED DIETS IN SCHOOL MEALS PROGRAMME IN
SALIMA DISTRICT, MALAWI
Jere GM1*, Abong’ GO1, Njue LG 1, Masamba K2 and DG Omayio1

Gibson Mapopa Jere

*Correspondence author email: gbsnjere@yahoo.com
1

Department of Food Science, Nutrition and Technology, University of Nairobi, P.O.
Box 29053-00625, Kangemi, Nairobi, Kenya
2

Department of Food Science and Technology, Lilongwe University of Agriculture and
Natural Resources, Bunda College Campus, P.O. Box 219, Lilongwe

https://doi.org/10.18697/ajfand.94.20110

16793

ABSTRACT
Exposure to aflatoxins and fumonisins contaminated food poses threats to human health,
including causation of cancer, immunosuppression, impaired growth, respiratory
problems, diarrhea, among others. This study was carried out to evaluate the levels of
aflatoxins and fumonisins in maize-based porridge and the estimated intake levels of the
contaminants among school going children in selected primary schools in Salima
District, Malawi. A total of 496 children and 124 food handlers from 31 primary schools
within three Extension Planning Areas (EPAs) under the School Meals Programmes were
involved. Consumption and meal preparation data were collected from the respondents
using pre-tested questionnaires. Reveal Q+ Kits were used to quantify aflatoxins and
fumonisins in sampled meals. Monte Carlo risk simulation using @RiskPalisade
software (UK) was used to generate exposure data. All porridge samples had varying
detectable levels of mycotoxins. However, there were no significant (P < 0.05)
differences in the aflatoxins and fumonisins levels for samples from different EPAs
indicating the endemic presence of mycotoxins within the district. Over 95% of the
schools used maize as the main ingredient in preparing the porridge with relatively high
quantities consumed 610 grams/child/day equivalent to 0.019 kg/kg bodyweight/day
regardless of the gender (χ2 = 5.624, P = 0.286) or the age (r = 0.033, P = 0.459) of the
respondents. The levels of aflatoxins and fumonisins in the samples ranged from 2.13 to
33.37 µg/kg and < 0.3 to 1.0 ng/kg, respectively. The mean and the 95th percentile intake
levels for aflatoxins ranged from 0.2 - 0.60 ng/kg bodyweight/day and 6 – 9.2 µg/kg
bodyweight/day for fumonisins, which exceeded the recommended safety levels for
children according to standards of European Food Safety Authority (2007) and Joint
Food and Agriculture Organization/World Health Organization Committee on Food
Additives (2008), respectively. The consumption of maize-based porridge was found to
expose school-going children to unacceptable levels of mycotoxins whose effects on
their health, education and well-being remain unknown. There is a need to educate food
handlers on mycotoxins intoxication and proper postharvest handling practices of maizebased foods to prevent exposure. Furthermore, diversification to reduce overreliance on
maize-based diets should be promoted.
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INTRODUCTION
Approximately 368 million children in developed and developing countries are fed
through school meals every day [1]. The School Meals Programme (SMP) was
introduced in developing countries to address chronic hunger, increase children
enrollment, and improve learning ability among children. The program is implemented
in many countries as a social protection intervention and a productive safety net for
children through provision of foods [2]. Several benefits have been reported from the
School Meals Program, including increased enrolment and improved nutrition [3].
However, the program if not properly effected may be a source of foodborne illnesses
which may negatively impact the health, education, growth, and development of
schoolgoing children [4].
The implementation of the School Meals Programme varies from country to country
where some provide either breakfast or lunch only, whereas others offer both meals
which are often prepared at school. The School Meals Programme in Malawi includes
the provision of porridge of Corn-Soya Blend (CSB), Take Home Rations (THRs) of
maize for orphans, and Home-Grown School Meals Programme (HGSMP) which
prepare a variety of foods sourced locally [5]. According to the World Food Programme
[5], maize is a major staple ingredient in Home-Grown School Meals Programme in
Malawi.
Consumption of maize and maize-based foods has been reported to have food safety
concerns due to the presence of mycotoxins [6]. The toxicants are a global safety concern
as they cause foodborne illnesses [7]. Children are most at risk of dietary mycotoxins
exposure compared to older people, due to low immune system, increased food demand,
and uncontrolled diet [8]. The most commonly occurring mycotoxins found in maize and
maize based-foods are aflatoxins and fumonisins, which are caused by Aspergillus and
Fusarium species, respectively. The most common types of aflatoxins in foodstuff
include aflatoxin B1, aflatoxin B2, aflatoxin G1 and aflatoxins G2, while fumonisins
include fumonisins B1 and fumonisins B2. Aflatoxins B1 and fumonisins B1 are the most
toxic and carcinogenic to humans [9]
Mycotoxins occur along the food chains including harvesting, transportation, marketing,
storage, processing, food preparation and end up in the final meal [10]. Mycotoxins
proliferation are exacerbated by poor postharvest handling practices mainly poor storage
conditions, insects and pest attack [11]. The risk of exposure to aflatoxins and fumonisins
contaminated foods includes acute and chronic toxicity [12]. Findings have reported
high aflatoxins and fumonisins levels in maize-based foods from southern Africa,
including Malawi where the levels of mycotoxins exceed the maximum limits sets by
regulatory bodies [13]. Therefore. the risk to mycotoxins exposure among consumers
from the region may be relatively high and, therefore, the need for research on their
mitigations.
The most common mycotoxin exposure occurs through dietary intake by consumption
of contaminated foods [14]. According to Kimanya [14], mycotoxins are potential
disease causing toxicants and are as well precursors for cancer diseases,
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immunosuppression, impaired growth, respiratory problems, diarrhea, abdominal pains,
and progression of HIV to AIDS. Among children, high exposure to mycotoxins has
been widely associated with impaired growth, poor development, and increased
occurrence of opportunistic infections [15]. Although several studies have reported that
toxicants are significantly high in countries that largely consume maize-based foods
[16], there is limited information in Malawi on dietary exposure to mycotoxins especially
for school going children under the School Meals Programme whose main meals are
maize-based.
The objective of this study was to determine the extent of exposure to aflatoxins and
fumonisins for school going children by estimating the intake levels of the mycotoxins
through consumption of porridge made using maize-based ingredients, commonly
consumed by children in primary schools under the Home-Grown School Meals
Programme in Salima district, Malawi.
MATERIALS AND METHODS
Study Area
The study was carried out between August and November 2019 in Salima district, central
Malawi. Salima is one of the districts implementing the School Meals Programme in the
country. The program covers three Extension Planning Areas (EPAs), namely: Katelera,
Chipoka, and Tembwe. These EPAs were demarcated based on agro-ecological zones.
The district covers approximately 2,196 km2 with a population of about 478,346, of
which 53 % are below 18 years [17]. Salima district is located along the lake shores of
Malawi in the central region (Figure 1).
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Figure 1: The Study area, Salima District, Central Malawi [18]
Study Design
This was a cross-sectional study with an analytical component. Consumption of maizebased porridge data were collected through administration of pre-tested semi- structured
questionnaires to purposively select food handlers (n=124, Yamane’s formula [19]).
Food handlers included school meals cooks, farmer groups members and suppliers as
well as the schools’ stores keepers. Fisher’s formula [20] was used to randomly select
school children who were drawn from randomly selected primary schools within the
district (n=31). The survey for school children was designed to capture data on social
demographic characteristics, body weights (bw), quantities of porridge consumed, and
regularly experienced health problems. The quantities of meals and body weights (bw)
were collected by weighing served meal portions and the children’s respective body
weights (bw) using certified digital weighing scales in Malawi. The questionnaire for
food handlers collected information on the type of meals and ingredients for preparing
school meals as well as the postharvest handling practices. The objectives of the study
were explained to the respondents and consent to participate in the study was sought
before commencement of the interviews. The questions were administered by trained
enumerators who translated the questions into local dialects for ease of communication.
Maize-based porridge sample collection
A total of 30 maize-based porridge samples (Fisher’s formula [20]) were purposively
collected in triplicates from different cooking pots per school. The collected samples
were packed in airtight plastic bottles (400 mls) and transported in cooler boxes to the
Aflatoxins Research and Training Laboratory at Chitedze Agricultural Research Station
in Lilongwe, Malawi. The prevalence of the toxins exceeding the recommended levels
was determined after quantification as described by Monyo et al. [21].
Quantification of aflatoxins and fumonisins
The levels of aflatoxins and fumonisins in the porridge samples were detrmined using
Reveal ®Q+ immunoassay Kits (©Neogen Corporation, 2018). Approximately 20 grams
of each sample was weighed on Scout Pro digital balance (Ohaus, USA) and mixed with
100 ml of 65 % ethanol. The mixture was thoroughly blended for 60 seconds using a
waring blender (Model 8120,USA). The mixture was filtered using Whatman filter paper
185 mm (Cat no. 1001 185, Sigma-aldrich) into 250 ml Conical flask. A 100 µl of sample
filtrate was then mixed with 500 ml of aflatoxin sample diluent and homogenized in a
sample dilution cup. For fumonisins determination, a 100 µl of sample filtrate was mixed
with 200 ml of fumonisins sample diluent and homogenized in sample solution cup. Each
sample extract of 100 µl was transferred into a clear sample cup. The Reveal ®Q+ Kits
test strips for aflatoxins and fumonisns were respectively placed into sample extracts for
6 minutes to develop. These were then instantly inserted into Reveal AccuScan® Gold
reader system for analysis. The Reveal ®Q+ Kits for aflatoxin and fumonisins had
detection and quantification limits of 2-150 ppb and 0.3-6 ppm for total the aflatoxins
and fumonisins, respectively. The results obtained from aflatoxins and fumonisins
analysis were recorded in mg/kg and µg/kg, respectively.
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Aflatoxin and fumonisin intake levels
Intake levels of aflatoxins and fumonisins through maize-based porridge
consumption
Exposure to aflatoxins and fumonisins by children due to the consumption of maizebased porridge was assessed probabilistically using @Risk TopRank Palisade (UK)
software for excel (Palisade, UK) V.8.0, where data for aflatoxins, fumonisins and
consumption levels were fitted to obtain the best fit distributions as shown in Table 1.
The data on maize-based prorridge consumption levels were combined with quantified
aflatoxins and fumonisins in the porridge samples in order to calculate the exposure to
myctoxins. The mean and the 95th percentile (P95) intake levels for the estimated
Margins of exposure (MoE) were calculated using Monte Carlo simulation after a
1,000,000 iteration runs for variability. The Tolerable Daily Intake (TDI) of aflatoxins
was estimated based on Margins of Exposure (MoE) of 10,000 as safety levels of public
health [22], which is is equivalent to 0.017 ng/kg bw/day for children [23] or
approximately 0.62 ng/child/day. Therefore, any exposure value of above 0.017 ng/kg
bw/day was regarded as unsafe for school-going children. Exposure to fumonisins was
calculated based on provisional maximum total daily intake (PMTDI) of 2 µg/kg bw/day
[24], which is approximately equivalent to 0.073 µg/child/day. The estimated exposure
rates of fumonisins above 0.002 µg/kg bw/day and 0.073 µg/child/day were considered
unsafe for school children’s health.
Quantitative risk assessment for aflatoxin and fumonisins exposure
The consumption data obtained based on daily consumption of maize-based porridge was
estimated by dividing the weekly intake of maize-based porridge (kg/ person) by
respondents’ body weights (bw) and dividing again by 7 days according to JECFA [25]
to obtain the amount consumed per kg bw/day. The distribution of aflatoxins and
fumonisins in the porridge was gotten by dividing the levels of the mycotoxins per
kilogram of maize-based porridge. The intake levels were obtained through multiplying
the corresponding amount of aflatoxins and fumonisins in the samples and the
consumption levels of maize-based porridge to obtain the estimated intake levels per kg
bw/day for the respondents.
Data analysis
Data were subjected to Statistical Package for Social Scientists (version 20.0) for
windows®. Descriptive statistics were used to obtain percentages, means, and standard
deviations. Pearson’s correlations and Chi-square analysis were used to analyze the
association between categorical variables. Independent t-test was also applied to compare
the mean differences between continous variables. One way analysis of variance
(ANOVA) was used to obtain the least significant differences between variables with the
Tukey’s HSD test set at p ≤ 0.05. The intake and consumption levels were analyzed using
Microsoft Excel @Risk TopRank Palisade(UK) V8.0.0 AddIn software.
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RESULTS AND DISCUSSION
Consumption of maize-based porridge by children in the School Meals
Programme
Demographic characteristics of the school children
Four in every respondent (43 %) were males while the rest (57 %) were females. The age
of the school children ranged from 5 to 19 years, with an average age of 11.7 ± 2.8 years.
A proportion (15.9 %) of children were from grades 6 and 7, and 8.1 % from class one.
There was a significant association between gender and age of school children (χ2 =
8.592, P = 0.032), where males were significantly older than females. A strong
correlation was also observed between the age and grade level (r = 0.631, P = 0.043),
where older children were significantly in higher grade level, while younger children
were in lower grade levels. The grade levels for both male and female children were not
influenced by their gender (χ2 = 3.499, P = 0.835), indicating that transition to the next
grades was equal for both.
The findings indicate the probability that the children in lower grade levels might be
more susceptible to mycotoxins exposure compared to those in the higher grades, since
the portions of the serving were relatively the same. Studies have shown that younger
children are more susceptible to pathogenic microorganisms and environmental toxicants
[26] compared to older people due to their low developed immune system, increased
food demand, and uncontrolled diet [8]. Increased age and level of education had a
significant positive correlation with the awareness of foodborne infections, food safety,
and hygiene practice [27].
Meals prepared for children’s consumption in schools
Porridge was consumed in all schools under this study with the primary ingredient used
for preparing being maize as reported by more than 9 in every ten food handlers (96%)
(Table 2). Alternatively, 85 % of the respondents used groundnuts with significantly
minimal use of other major ingredients (Table 2). Furthermore, all respondents indicated
that porridge was mainly made from maize-soybean-groundnuts flour blends and in some
instances, mixed with mashed vegetables. The respondents also reported that ingredients
were combined with the aim of increasing nutrient density for the school meals. All
respondents indicated that the porridge was served once daily in the morning before
commencement of the class sessions during the school days- usually Monday to Friday.
The combination of maize and legumes has been widely used to improve child nutrition
in developing countries [28]. However, maize-legume based foods in sub-Saharan
African countries have also been found to contain varying levels of mycotoxins [14].
None of the schools reported consumption of animal-based foods, which may be as a
result of the cost of these foods. Educating and empowering the children’s families to
practice livestock production and consumption of small animals and animal products
such as chickens, goats and rabbits at home should also be promoted in order to
complement the school meals diet.
Consumption levels of maize-based porridge in schools
Consumption levels of maize-based porridge in schools ranged from 450 to 800 grams
per child per day with an averaged of 609.7 ± 62.1 grams. The consumption levels of
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maize-based porridge were significantly (P = 0.021) different among the children. The
distribution fit for the consumption of the porridge by general Beta had ranged from
0.008 to 0.082 kg/kg bw/day with a mean value of 0.019 kg/kg bw/day (Figure 2).
However, there was no correlation between meal consumption levels and the age (r =
0.033, P = 0.459), and grade levels (r= -0.004, P = 0.937) of the respondents. There were
also no significant associations between the quantities of meals consumed and the gender
of the school children (χ2 = 5.624, P = 0.286).
The findings from this study on the average consumption of maize-based porridge (610
grams/day) by school children was quite high compared to the average consumption level
of 150 to 500 grams/day estimated in other African countries [29]. A study in South
Africa reported an average of 400 to 500 grams/person/per day with relatively high
mycotoxins exposure [30]. The average consumption of maize-based porridge reported
in the present study might have exposed the school children to mycotoxins exceeding the
regulatory safety levels.

Figure 2: Model distribution for consumption (kg/kg bw/day) of maize-based
porridge by school children under SMP in Salima district, Malawi
Body weights of school children
The body weights of school children varied significantly (P = 0.016) and had ranged
from 12 to 66 kilograms, with an average weight of 34.6 ± 1.2 kgs. It was also observed
that there were significant positive correlation between body weights and age (r = 0.835,
P = 0.001), and the grade level of school children ( r = 0.725, P = 0.001) as the older
children in the higher grades weighed more. The children’s body weights were, however,
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not influenced by their gender (χ2 = 2.859, P = 0.391) or the quantities of porridge
consumed (r = 0.076, P = 0.089).
The present study found that there were no significant associations between body weight,
age, and meal consumption levels of the school children as schools served porridge using
uniform serving spoons or cups regardless of their age and body weight. Given that the
intake levels of mycotoxins are estimated based on levels of food consumed and the
respective body weights [31], the uniform serving of maize-based porridge potentially
puts at risk school children with lower body weights by consuming maize-based foods.
Moreover, children suffer most from mycotoxins exposure due to their low ability to
detoxify toxins and increased food intake per kg body weight [32]. The results of the
present study agree with Kang’ethe et al. [33] who equally reported no significant
differences in meal consumption levels among specific age groups and exposure to
mycotoxins.
Health problems experienced by school children
About a fifth (19 %) of the school children reported experiencing frequent headaches
while others stated occasional stomach discomforts (16 %), irregular diarrheal diseases
(14 %), frequent coughs (11 %), fevers (11%) and nausea and/or vomiting(7%). On the
other hand, 29 % of school children reported that they rarely experienced any manifested
healh problems. There were no significant associations of health problems and gender
(χ2 = 12.507, P = 0.130), age (χ2 = 1.213, P = 0. 258), and meal consumption levels (χ2 =
49.25, P = 0.423) of school children. A significant association was observed between
health problems and school grade level (χ2 = 56.698, P = 0.029), where children in the
lower grades reported experiencing more health problems compared to children in the
higher grades. Similarly, no association was observed between the health problems and
bodyweight of school children (ꭕ2 = 66.934, P = 0.64).
The health issues reported in the current study might have been due to consumption of
unsafe foods and or poor hygienic practices, which was observed in schools during the
study visits including sitting and placing plates on bare-ground during eating,
overcrowding of school children at the serving points (kitchen) and dining areas
contaminated with lots of dust. Besides poor hygiene, the schools where samples were
obtained, had no properly designated dining structures, forcing the children to eat on the
open space. Some of the school cooks did not wear the recommended protective clothing
such as aprons and headcovers during meal preparation and serving. The results in the
present study are similar to those reported in Ghana where school children experienced
abdominal cramps, vomiting and nausea after consuming mycotoxins contaminated
school lunch [4]. Studies have shown that molds contaminate foods at any stage along
the value chain including during processing and preparation [34] and, therefore, the
current diseases experienced may be as a result of the presence of mycotoxins in the
meals served. However, more investigations need to be carried out to determine the
causes of the frequent and occasional illnesses expereineced by the school children.
Levels of aflatoxins and fumonisins in maize-based porridge
All the samples analyzed had detectable levels of aflatoxins and fumonisins and were
described by exponential distributions. The levels of aflatoxins ranged from 2.13 to 33.37
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µg/kg with a mean value of 11.62 µg/kg. There was significant difference in the levels
of aflatoxins among samples obtained from schools (P = 0.014). Forty per cent (40 %)
of the contaminated samples had levels of aflatoxins exceeding the regulatory limits of
10 µg/kg according to unpublished revised standards by Malawi Bureau of Standards
(MBS). Moreover, 17 % exceeded the recommended levels of 20 µg/kg set by the United
State of America [35]. On the other hand, 90% of the samples exceeded the 4 µg/kg limit
set by the European Union for processed maize-based products [36]. It was further
observed that all the samples had aflatoxins above the acceptable levels of 0.1 µg/kg
according to the European Union for cereal-based products meant for consumption by
young children.
Slightly more than half (56%) of the maize-based samples from different schools had
significantly (p=0.020) different levels of fumonisins ranging from non-detectable levels
<0.3 to 1.1 mg/kg with a mean of 0.30 mg/kg. Furthermore, 6% of the analyzed samples
had fumonisins concentration levels exceeding the recommended safety levels set by the
European Union (0.1 mg/kg) for all processed maize-based products meant for
consumption by young children. Currently, there are no standards in Malawi that specify
the recommended limits for fumonisins in foods meant for human consumption and,
therefore, need for developing standards to guide citizenry.
The results from the Extension Planning Areas where the study took place showed that
all areas had an occurrence of aflatoxins and fumonisins (Table 3). However, the levels
for both mycotoxins were not significantly (P>0.05) different. These findings indicate
the endemic presence of the mycotoxins in all the study areas. The aflatoxin levels were
highest (13.21 µg/kg) in samples obtained from Chipoka Extension Planning Area with
the least (9.97 µg/kg) found in Tembwe area. On the other hand, fumonisins ranged from
non-detectable levels of <0.3 to 0.417 mg/kg between the areas. Similarly, the levels of
fumonisins were also high (0.7 mg/kg) in Chipoka Extension Planning Area and lowest
(0.12 mg/kg) in Tembwe Extension Planning Area.
This study established high levels of aflatoxins and fumonisins through consumption of
maize-based porridge consumed in the School Meals Programme. The high levels of
aflatoxins and fumonisins might presumably be attributed to poor postharvest handling
practices of maize, which were observed during the collection of samples in schools;
transportation of uncovered foodstuffs on open trucks/lorries, offloading of bags on bare
ground, storage of maize bags in contact with floor and wall, dirty storerooms with lots
of dust, birds’ droppings and spider-nets. In some cases, food handlers reported that they
rarely sorted the maize used to prepare the meals, therefore, the inclusion of rotten and
moldy grains was common. These were attributed to the bulkiness of grains and limited
time for meal preparations. Previous studies have reported that foodstuffs are
contaminated with mycotoxins due to poor postharvest handling practices such as poor
transportation and storage [37]. Besides, the study did not extend to the postharvest
handling practices by the farmers to assess whether they practiced good agricultural
practices aimed at mitigating against the occurrence of mycotoxins.
The high levels of aflatoxins and fumonisins in the maize-based porridge samples might
be attributed to the combination of the ingredients, which included maize, groundnuts,
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and soybean. Previous studies have reported that maize, groundnuts and their derived
products from Southern Africa, including are highly contaminated with aflatoxins and
fumonisins [11,13]. The results of the current study agree with other researchers who
reported high aflatoxins and fumonisins levels in maize-based foods intended for
children consumption in developing countries [38].
Exposure of school children to aflatoxins and fumonisins from the consumption of
maize-based porridge in schools
Exposure of school children to aflatoxins through consumption of maize-based porridge
in schools ranged from 0.034 ng/kg bw/day to as much as the levels may have been in
the sample (+∞) (Data not shown). The mean and 95th percentile (P95) for exposure to
aflatoxins through consumption of maize-based porridge were 0.2 and 0.6 ng/kg bw/day,
respectively. The children under the current study had averaged weight of 36.4 kg. They,
therefore, experienced aflatoxin exposure ranging from 1.24 ng/kg bw/day to 7.28 ng/kg
bw/day at the 95th percentile through consumption of maize-based porridge (Table 4).
The results showed that school children were exposed to aflatoxins above the acceptable
limits of 0.017 ng/kg bw/day as recommended by European Food Safety Authority [23]
through the consumption of maize-based porridge in schools which might eventually
negatively affect their health.
Exposure of school children to fumonisins due to consumption of maize-based porridge
in schools ranged from 2.0 to 3.0 µg/kg bw/day, with the mean and the 95th percentile at
6.0 and 9.2 µg/kg bw/day, respectively. The intake levels for fumonisins through
consumption, therefore, ranged from 73.0 µg/kg bw/day to 334.9 µg/kg bw/day at the
95th percentile. Similarly, exposure to fumonisins was beyond the acceptable limits of
2.0 µg/kg bw/day set by Joint Food and Agriculture Organisation/World Health
Organization Committee on Food Additives [24], and the chances are that the children
may be experiencing varying levels of intoxication from the mycotoxins in the meals.
Exposure of children to aflatoxins might be attributed to high consumption levels of
aflatoxins contaminated maize-based porridge in schools with the health risks remaining
unkown. The results of the current study agree with previous studies which reported high
exposure of children to aflatoxins from regular consumption of maize-based foods and
products in countries like Tanzania whose levels ranged from 0.14 to 120 ng/kg bw/day
[39] and Nigeria, which reported an average of 641 ng/kg bw/day) [38].
Furthermore, the study established high fumonisins exposure for children from
consumption of maize-based porridge in the surveyed schools. High fumonisins exposure
might equally result from consumption of fumonisins contaminated maize-based in the
porridge. Children consuming large quantities of maize-based porridge in schools might
be at risk of mycotoxicosis. The results from the present study are comparable to other
authors who reported high exposure of children to fumonisins through large intake of
processed maize-based complementary foods in countries like Tanzania with an average
range of 0.005 - 0.88 µg/kg bw/day) [40] and Nigeria whose median values ranged from
6 - 18 µg/kg bw/day [38] and other developing countries having levels ranging 0.013 0.82 µg/kg bw/day [37]. These findings indicate relatively high exposure to aflatoxins
and fumonisins for school going children through consumption of maize-based porridge
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under the School Meals Programme, which may affect their health, education and the
future well-being.
CONCLUSION
This study found that children under the School Meals Programme in Salima, may be
exposed to unacceptable levels of aflatoxins and fumonisins through the consumption of
maize-based porridge in schools. The high consumption of mycotoxin contaminated
maize-based diets in the schools may be contributing to relatively high mycotoxins
intake. Given that the school children have fairly low body weights, there is a risk of
mycotoxin intoxication and therefore raising food safety concerns for these children.
Moreover, poor hygienic practices in the schools could contribute to unknown health
complications among the school children. Regularly consuming maize-based porridge in
the School Meal Programme without proper regard to hygiene may, over the long term,
detrimentallu affect the health, education and future well-being of school children.
The study recommends regular monitoring of food commodities and working on policies
aimed at mitigating against increased mycotoxin accumulation. There is need for
diversification of maize with other cereal-based foods that are less prone to mycotoxins
contamination. Substitution of maize-legume blend with roots and tubers can be
recommended to reduce consumption levels of maize foods in schools. We also
recommend the promotion of good hygienic practices in schools to prevent children from
recurring health problems. Furthermore, it is necessary to create awareness on ensuring
proper postharvest handling practices and processing of maize based-foods offered in
schools. Similar studies should also be replicated across the country to determine the
extent to which the country’s school going children are exposed to mycotoxins with
investigations on whether there are disease incidences attributed to the mycotoxins
intake.
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Table 1: Distribution functions used in quantitative risk assessment simulation
for aflatoxins and fumonisins exposure
Parameter
Function
Aflatoxin
Maize based porridge consumption
Extent
(kg/kg bw/day)
Aflatoxins levels
porridge (ng/kg)

in

maize

based

Levels

Aflatoxins intake levels in maize based
porridge (ng/kg bw/day)

Intake

Fumonisins
Maize based porridge consumption
(kg/kg bw/day)
Fuminisins levels
porridge (µg/kg)

in

maize

Extent

based

Levels

Fumonisins intake in maize based
porridge (µg/kg bw/day)
Bw – Body weight

Intake

Monte Carlo Function
RiskBetaGeneral(2.2546,13.245,0.0077
801,0.08229,RiskName("Maize based
porridge
consumption
(kg/Kg
bw/day)"))
RiskExpon(0.0094927,RiskShift(0.0018
136),RiskName("Aflatoxin distribution
in maize based porridge (ng/kg)"))
Aflatoxin distribution in porridge*
Maize based porridge consumpt
RiskBetaGeneral(2.2546,13.245,0.00778
01,0.08229,RiskName("Maize
based
porridge consumption (kg/Kg bw/day)"))
RiskExpon(0.29778,RiskShift(0.0099259),
RiskName("Fumonisin
distribution in maize based porridge
samples (µg/kg)"))
Fumonisin distribution in porridge* Maize
based porridge consumption

Table 2: Ingredients and meals prepared for school children in primary schools
under the Schol Meals Programme
Factor
Ingredients
Maize
Groundnuts flour
Soy bean
Fruits
Vegetables
Rice
Others
Animal source foods
Type of meal prepared
Porridge
Nsima (Ugali)
Others

Frequency (n=124)

Percentage ( %)

119
105
71
59
72
61
2
0

96
85
57
48
58
49
3
0

124
5
2

100
4
2
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Table 3: Aflatoxins and fumonisins levels in maize-based porridge samples
collected in 3 Extension Planning Areas under the Schol Meals
Programme

Tembwe

10

Aflatoxins
Mean ± SD (
Range
µg/Kg)
(µg/Kg)
a
9.97 ± 4.9
3-17.6

Katelera

10

11.61 ± 11.86 a

Chipoka

10

13.21 ± 14.35 a

EPAs

Frequency (n)

Fumonisins

<0.3 ±0.338 a

Range
(mg/Kg)
<0.3-1.1

2-63.9

0.3 ± 0.384 a

<0.3-1.3

3-74.7

0.4167 ± 0.471 a

<0.3-1.4

Mean ± SD (mg/Kg)

EPA – Extension Planning Areas (demarcated based on agro-ecological zone)
Means with the same superscripts along column are not significantly different, Tukey
Test (P < 0.05)
Table 4: Estimated margins of dietary exposure of children to aflatoxins and
fumonisin due to consumption of maize-based porridge in SMP in
Salima District, Malawi
Aflatoxins Intake
Fumonisins Intake
Parameter
(ng/kg bw/day)
(µg/kg bw/day)
Min
Mean P95
Min
Mean
P95
Dietary Exposure
0.03
0.20 0.60
2.00
6.00
9.20
MOE (Min bw =12 Kg child

0.41

2.40

7.20

24.00

72.00

110.40

MOE (Mean bw =36.4 Kg child)

1.24

7.28

21.84

72.80

218.40

334.88

MOE (Mean bw = 66 Kg child)
2.24
13.20 39.60
132.00 396.00
th
P95 = 95 percentile, MOE=Margin of Exposure, Min = Minimum, Max = Maximum,
Bw = Body weight
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607.20
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