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Abstract: Parents’ practices that are associated with aflatoxin contamination and control in complementary foods were 

studied in Central Tanzania. A descriptive cross-sectional survey using interviewer-administered structured pretested 

questionnaire was conducted among 364 randomly selected parents of children aged between 6-23 months, and the mean age 

(SD) of the respondents was 30 (8.3) years old. The majority 33.2% of the participants harvest their crops in April followed by 

June which is 26.6%, March which is 21.2% and May which is 19% of all the participants. Most processing activities like 

dehulling, milling, drying, storage were analysed. The statistical packages SPSS (version 21) computer software packages were 

used to analyze the data. The results of logistic regression model for dehulling crops confirmed that respondents with less than 

or with US$ 22.8 as monthly income (OR=0.250, 95% CI: 0.111-0.564) were significantly 0.3 less likely to dehull crops 

(p<0.05) than respondents who earned more than US$. 22.8. On the other hand, petty trader participants (OR =3.712, 95% CI: 

1.420-9.699) were significantly almost 4 times more with a tendency of dehulling the crops (p<0.05) than farmers. The study 

team recommends that parents should be trained on appropriate methods of drying, storage, and dehulling their crops after 

harvesting in order to control fungal and aflatoxin infestation. In addition, research on harvesting time, drying, storage, and 

dehulling practices of crops in Tanzanian is needed.  
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1. Introduction 

Aflatoxins are naturally occurring toxins produced by certain 

fungi, most importantly Aspergillus flavus and Aspergillus 

parasiticus, and they are widely recognized as a major health 

problem especially in hot, humid countries [1-5]. Major types of 

aflatoxins are B1, B2, G1, and G2; and metabolites of B1 and 

B2 are M1 and M2 respectively. AFB1 is the most potent of the 

aflatoxins. Aflatoxins have been rated as class 1A carcinogens 

by the International Agency for Research of Cancer [6-7]. They 

are heat stable and difficult to destroy during processing. 

Aflatoxins B1 (AFB1) and B2 (AFB2) produced by A. flavus 

and aflatoxins G1 (AFG1) and G2 (AFG2) produced by A. 

flavus as well as A. parasiticus can contaminate not only maize 

and other cereals such as wheat and rice, but also groundnuts, 

pistachios, cottonseed, copra, and spices [8-9]. 

In many developing countries, poor diet and multiple 

communicable diseases are associated with malnutrition and 

growth faltering in infancy and childhood. In addition, dietary 

staples in some of these regions are frequently contaminated 

with fungal toxins such as the aflatoxins [10]. Aflatoxin 

production normally occurs in the field, particularly when 
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stimulated by drought, stress, and high temperatures or during 

prolonged drying [11-14]. 

Aflatoxins contaminate many African dietary staples such as 

maize, groundnuts, rice and cassava, particularly under certain 

conditions like dry weather near crop maturity, high moisture 

during harvest, and inadequate drying and storage of crops [15]. 

Contamination can occur at any time from pre-harvest to storage 

of the crops [5, 15-17]. Food contaminated by aflatoxins is one 

of the most serious consequences that poor post-harvest 

management can have [16]. Poor post-harvest in warm humid 

areas and bad storage practices lead to rapid growth of the fungi 

and hence higher levels of toxins can occur [16,18]. This 

particularly happens in developing countries where appropriate 

measures for preventive actions are often overlooked [19-20]. 

Crops commonly affected by aflatoxins include maize, 

groundnuts, cottonseed, sorghum, millet, rice, Brazil nuts, 

pecans, walnuts, pistachio nuts, sesame and spices (particularly 

chilies), cassava, potatoes, legumes, pigeon peas, sunflower, 

simsim, peanuts, and products made from these crops [21-22]. 

Aflatoxin contamination in cereal grains is a worldwide 

concern especially in sub-tropical and tropical areas [21, 23]. In 

East Africa, aflatoxin exposure has also been directly correlated 

with reported daily intake of maize and fumonisin exposure 

which occurs almost entirely from maize [24]. Another major 

source of exposure to aflatoxin is through the consumption of 

groundnuts [7, 25].  

Tanzania is among African the countries which lie in the 

latitudes between 40°N and 40°S which are susceptible to 

aflatoxin contamination [26-28]. Prevalence of aflatoxins 

contamination in crops in Tanzania is higher than that of the 

European Union aflatoxin standard (4 ppb) and that of USA (20 

ppb) and in many countries [27, 29-31]. Due to food shortage 

and low knowledge on fungal and aflatoxins contamination, 

these families sometimes eat undehulled, unsorted and mouldy 

crops without washing or winnowing them hence exposing 

themselves to high health risks of aflatoxin contamination in 

their diet. The specific objective of this study was to identify 

practices used that can contribute to levels of contamination of 

aflatoxins in complementary food in the households with 

children aged between 6-23 months in Central Tanzania. 

However, there is limited information on the parents’ practices 

of post-harvest of crops which are used in the preparation of 

complementary food, aflatoxin contamination and control, and 

their associated health problems in Bahi, Mundemu, Handali, 

Mvumi Mission, Ikungi, Puma, Manyoni, and Maweni ward. 

These places are found in Dodoma and Singida regions in 

Central Tanzania. This study is part of a larger study with the 

overall objective of examining the influence of awareness, 

knowledge and actions of communities on childhood dietary 

exposure to aflatoxins in Dodoma and Singida regions.  

2. Materials and Methods 

2.1. Research Setting 

The study was carried out in four districts of Bahi and 

Chamwino (in Dodoma region) and Manyoni and Ikungi 

(in Singida region) in Central Tanzania. Figure 1 and 

Figure 2 show a map of the study areas. According to the 

Tanzania National Bureau of Statistics [26], the population 

of Bahi District was 221,645, Chamwino was 330,543, 

Manyoni was 296,763, and Ikungi was 272,959. The major 

socio-economic activities found in the study areas are 

agriculture and livestock keeping. The major crops grown 

include maize, sorghum, millet, and groundnuts. Other 

crops are cowpeas, sunflower, cassava, Bambara nuts, 

paddy, simsim, and sweet potatoes [28, District 

Agricultural Officers]. The non-agricultural activities 

which include shop keeping, local brewing, civil services 

and petty trade are commonly practiced in towns and 

village centres [32]. A multistage sampling technique was 

used to select a total of 364 parents/caregivers with 

children aged between 6-23 months to participate in the 

study. The process involved simple random sampling at 

district, division, ward, village/street and sub-ward up to 

household level. Bahi District consists of 20 wards and 

out of these, two wards were selected randomly (Bahi and 

Mundemu) and from these wards, one village/street was 

selected from each (Bahi Sokoni and Mundemu 

respectively). Chamwino District consists of 32 wardsand 

out of these two wards were selected randomly (Handali 

and Mvumi Mission) and from those two wards, one 

village/street was selected from each (Handali and 

Ndebwe respectively). Manyoni District consists of 30 

wards and out of these, two wards were selected randomly 

(Manyoni and Maweni) and from those two wards, one 

village/street was selected from each (Manyoni and 

Maweni respectively). Ikungi District consists of 26 wards 

and out of these, two wards were selected randomly 

(Ikungi and Puma) and from these wards, one 

village/street was selected from each (Ikungi and Puma 

respectively). The areas were selected because of their 

semi-arid condition which is characterized by high 

temperature during the day (up to 35°C) and cool (to 

10°C) during the night. Both temperature and humidity 

favour the growth of fungi [32] signaling possibility of 

aflatoxins production [11]. 

2.2. Research Design 

The research design was cross-sectional study. It involved 

the collection of data at one point (households) in line with 

the limited resources that were available for the study. 

Quantitative research method was employed in this study. A 

structured interview with both open and close-ended 

questions was developed and used to gather basic socio-

demographic information from the participants with regard to 

post-harvest activities related to aflatoxin and its 

contamination in complementary foods and its health effects 

after consumption. Hence, this design was considered to be 

capable of providing some base-line information that could 

be used for future studies in the country.  

 

 



 Journal of Food and Nutrition Sciences 2016; 4(6): 152-161 154 
 

2.3. Data Analysis 

Descriptive statistics (frequencies and percentages) were 

calculated to give characteristics of variables by using 

Statistical Package for Social Sciences (SPSS version 21.0) 

to analyze data after data cleaning. A 5% level of significance 

with 95% Confidence Interval (CI) was used throughout the 

study and an independent variable with p-value less than 0.05 

was considered as statistically (significantly) associated with 

outcome variable. Logistic regression was done to identify 

which factors predicted parents/caregivers practices to 

minimize aflatoxins in complementary foods of their 

children. 

 

Figure 1. The Maps of Bahi and Chamwino Districts in Dodoma Region Showing Study Areas. 
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Figure 2. The Maps of Ikungi and Manyoni Districts in Singida Region Showing Study Areas. 

3. Results 

3.1. Socio-Demographic Characteristics of Respondents 

Results in Table 1 show the distribution of 

parents/caregivers by socio-demographic characteristics in 

Bahi, Chamwino, Ikungi, and Manyoni Districts. The age of 

parents/caregivers ranged from 17 to 80 years with mean age 

(SD) of 30 (8.3) years. About 270 (74.2%) of the respondents 

were aged below or 34 years while respondents aged above 

34 years were 94 (25.8%). Mothers made up 331 (90.9%) of 

the respondents. 
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Table 1. Distribution of Parents/caregivers by Socio-demographic 

Characteristics. 

Characteristics Number (%) 

Age Group (Years)   

≤ 34 270 (74.2) 

> 34 94 (25.8) 

Monthly income (US$)   

≤22.8 256 (70.3) 

>22.8 108 (29.7) 

Level of education   

Never been to school 64 (17.6) 

Partial primary  49 (13.5) 

Primary 204 (56) 

Partial secondary  18 (4.9) 

Secondary  29 (7.9) 

Respondent’s occupation   

Farmers 287 (78.8) 

House wives 32 (8.8) 

Employees 10 (2.7) 

Petty traders 35 (9.6) 

Marital status   

In Union 272  (74.7%) 

Not in Union 92 (25.3%) 

3.2. Harvesting Time Recorded During the Interview 

The majority, 33.2%, of the participants harvests their 

crops in April followed by June which is 26.6% and March 

which is 21.2% of all the participants. Only 19% of the 

people in study areas harvest their crops in May every year 

depending on the type of crops planted. 

3.3. Dehulling Practices of Crops Used in the Preparation 

of Complementary Foods 

The majority, 81.3%, of the respondents were not 

dehulling the crops used in the preparation of complementary 

foods. 

Multiple Logistic Regression Model of Dehulling Practices 

of the Crops 

Multiple logistic regression model was employed to find 

out how awareness and demographic characteristics were 

associated with dehulling of crops. The parameter estimates 

and associated odds ratios (OR) of the fitted model for 

dehulling the crops are presented in Table 2. The results of 

the logistic regression model for dehulling the crops 

confirmed that respondents with less than or with US$ 22.8 

as monthly income (OR=0.250, 95% CI: 0.111-0.564) were 

significantly less likely to dehull crops (p<0.05) than 

respondents who earned more than US$ 22.8. On the other 

hand, occupation of the respondents was also a predictor of 

dehulling the crops. Petty trader participants (OR =3.712, 

95% CI: 1.420-9.699) had significantly more tendency of 

dehulling the crops (p<0.05) than farmers. Though not 

significant (p=0.2673), employed (OR=3.349, 95% CI: 

0.396-28.326) and housewives (p= 0.7789, OR=1.161, 95% 

CI: 0.409-3.295) also had higher odds of dehulling the crops 

compared to farmer respondents. Other independent 

variables, namely age, education level, and marital status 

were not significantly associated with dehulling of crops. 

Table 2. Parameter Estimates and Odds Ratios for Dehulling Crops. 

Variable Parameter Estimate (se) OR 95% CI P-Value 

Awareness     

No Reference Reference Reference Reference 

Yes -0.2571 (0.3973) 0.773 [0.355-1.685] 0.5176 

Age (Years)     

≤ 34 Reference Reference Reference Reference 

> 34 0.2625 (0.3199) 1.300 [0.695-2.434] 0.4120 

Monthly income (US$)     

> 22.8 Reference Reference Reference Reference 

≤ 22.8  -1.3873 (0.4154) 0.250 [0.111-0.564] 0.0008 

Education Level     

Never been to School Reference Reference Reference Reference 

Partial Primary 0.5092 (0.5416) 1.664 [0.576-4.810] 0.3471 

Primary  0.6309 (0.4264) 1.879 [0.815-4.334] 0.1390 

Partial Secondary  0.2819 (0.7828) 1.326 [0.286-6.148] 0.7188 

Secondary 0.1586 (0.7727) 1.172 [0.258-5.329] 0.8373 

Occupation     

Farmer Reference Reference Reference Reference 

House wife 0.1494 (0.5322) 1.161 [0.409-3.295] 0.7789 

Petty trader 1.3115 (0.4901) 3.712 [1.420-9.699] 0.0074 

Employee 1.2085 (1.0894) 3.349 [0.396-28.326] 0.2673 

MaritalStatus     

Not in Union Reference Reference Reference Reference 

In Union 0.5465 (0.3540) 1.727 [0.863, 3.456] 0.1226 

(se)=standard error 

3.4. Community Practices on Handling Crops 

In this study, the majority, 90.1%, of all participants dried 

their crops before storage. Only, 9.9% of them did not dry 

their crops. The majority of the participants, 90.9%, were 

milling their crops which were used in the preparation of 

complementary foods. During the survey, about half, 

49.2%,of the respondents were seen drying their crops on 
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roofs (their roofs were normally covered with mud), while 

32.7% of the participants placed their crops directly on the 

soil for drying and 8.2% of them dried in traditional 

granaries. Only 9.9% of the respondents did not dry their 

crops at all. (See Figure 3). 

 

 

 

Figure 3. From left and down: Drying Crops Directly on the Soil and on the Roof. 

The findings show that 90.9% of the respondents normally 

stored their crops after harvesting while the rest did not. In 

addition, results revealed that almost half, 50.5%, of the 

respondents storedtheir crops in bags, 40.4% stored in the 

traditional granaries and only 9.1% of them did not storetheir 

crops at all. Also, in the study areas, the majority, 72.5%, of the 

participants used their homegrown crops for food consumption 

while 27.5% of them used them for both consumption and 

selling. Further results from this study revealed that more than 

half, 54.4%, of the respondents declared that their crops usually 

got mouldy during storage. Moreover, the majority, 36.5%, of 

the parents provided both special and family foods to their 

babies while others provided only family food. The study also 

revealed that the majority, 53.0% of the parents, after harvesting, 

gave the mouldy feed to animals while 38.5% of participants 

used it in local brewing and 8.5% consumed the mouldy food. In 
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addition, the majority, 54.4%, of the participants said that they 

left their residual crops after harvest in the field while 36.5% 

gave them as feed to animals. 

4. Discussion 

This study investigated the parents’ practices that contribute 

to aflatoxin contamination and control in complementary foods 

in Central Tanzania. A total of 364 parents with children aged 

between 6-23 months participated in the study. Harvesting 

time was very important in aflatoxins contamination and 

control. Timing of the harvest was a key factor in aflatoxins 

reduction. Harvesting crops in March or April was called early 

harvesting in the study areas. Early harvesting and the rapid 

drying of crops in moisture content levels below 15% are 

believed to effectively stop aflatoxin accumulation [33]. 

However, in these study areas, nothing was used to measure 

the moisture content due to lack of money to buy the 

instrument. In that situation, food quality was likely to be 

compromised. In these study areas, late harvesting was 

between May and June during which the crops could easily get 

contaminated by fungus since the crops had over matured, 

cracks, birds were prone to damage and insects could infest 

them either on the ground soil or as standing plants. The 

influences of delayed harvest on contamination are most 

severe when crops are caught by rain just prior to or during 

harvest [34]. Therefore, late harvesting (after the second half 

of May to June) in the study areas not only causes an increase 

in cracking of some crops but also provides further exposure to 

aflatoxin production and contamination. Damage by birds, 

pests, shell discoloration and falling down of crops/seeds on 

contaminated soil surface are other risk factors associated with 

late harvesting [35-39]. Delayed harvesting occurred in areas 

where farmers left the crop to dry completely on the field as it 

happened in some places in the study areas. 

Dehulling is the process of removing the pericarp from the 

grain. In these study areas, dehulling was done by using 

stones or mortar and pestles, the same as what was reported 

by Fandohan [40] in Benin, West Africa. Generally, in these 

study areas dehulling was done by women and this is also the 

same as revealed in Benin [40]. It has been reported that 

dehulling removes most of the toxins in the bran and germ 

fractions [41]. From the survey done by Abt Associates [27, 

42] in three districts (Kongwa, Bukombe, and Njombe) in 

Tanzania, it was revealed that farmers did not know about 

aflatoxins. Their level of knowledge was very low and 

agricultural extension officers were not trained in mycotoxin 

and aflatoxin, the same as it was the case in the current study. 

Furthermore, parents with high monthly income were more 

likely to dehull the crop than those with low monthly income. 

In addition, parents who were petty traders were more likely 

to dehull their crops than farmers. Therefore, it is very 

important to train parents about mouldy infestation in the 

crops and aflatoxin and its control because they use it as 

blended flour that is mixed with maize, groundnuts and 

others crops in the preparation of complementary foods. In 

the study done in Kenya, the results revealed that reduction 

in aflatoxin levels was realized during dehulling of maize 

grains as evidenced by the lower levels of aflatoxins in de-

hulled maize; the percentage of reduction in aflatoxin levels 

was between 5.5% and 70.0% with a mean of 46.6% [43]. 

Also, in the study done in Zimbabwe, it was revealed that 

undehulled crops had higher percentage of aflatoxin levels 

when compared to the dehulled crops [44]. Also these results 

emphasize that there is a need of dehulling the crops before 

eating. In Benin-West Africa, women used some unit 

operations like sorting, winnowing, washing, crushing, and 

dehulling to remove significant amounts of aflatoxins and 

fumonisins in maize and maize products [45]. Also, [46] 

noted the effects of processing aflatoxin reduction. 

Furthermore, drying, storage, and dehulling reduce aflatoxin 

levels and can be recommended as a decontamination method 

developed mainly in the African countries where it is still 

uncommon but these technologies should be improved to 

reduce women workload. Therefore, it is revealed in the 

current study that people might have been consuming 

contaminated foods through their diets because the majority 

does not de-hull their crops before milling or cooking in the 

preparation of foods for the babies or food for the family. 

This study revealed that parents dried their crops on the roof 

(mud roofed) and others put them directly on the soil while 

few used traditional granaries or containers made by thatches 

or bamboo. These results are not similar to the study done [47] 

which revealed that about half of the families surveyed in 

Kenya reported that they take maize home to dry in tarpaulins, 

which would limit direct exposure of the maize to dirt. 

However, this study reflects the one done in Mali because 

nearly half of those families surveyed reported that they dried 

groundnuts in large piles on the ground. Such direct contact 

with the soil is problematic because aflatoxins are a toxic 

substance emitted by fungi that are plentiful in agricultural soil 

in the tropics and sub-tropics regions [21, 48]. 

As it was revealed in the current study, the greater part of 

parents normally stored their crops after harvesting while 

others did not. Again, as it has been explained that poor post-

harvest practices and storage conditions are known to 

increase aflatoxin prevalence. This study revealed that almost 

half, 50.5%, of respondents stored their crops in the 

polythene (nylon) bags, 40.4% stored their harvested crops in 

the traditional granaries and only 9.1% of them did not store 

their crops. These results contrast with the study done in 

Kenya which observed that about 30 percent of the 

respondents reported that they left maize uncovered in the 

fields and the most common reported storage practices were 

either using a room in the house or an improved granary with 

a wooden wall [49]. As it is in Tanzania, Kenya and a few 

Malian farmers, use of the storage structures as traditional 

granaries is most common. As a result of poor food storage, 

aflatoxin levels are increased in storage and in the markets, 

suggesting that current crops drying and storage practices are 

inadequate. These may be due to not only lack of knowledge 

on the importance of storing crops for future use, but also 

some of them did not have money to buy bags for storage and 

did not have enough food for storage. For example, there 
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were no pallets or wood used during storage but farmers put 

their crops directly on the floor making it easy for the crops 

to be infested by insects such as termites and rodents. It was 

further revealed that sometimes these farmers used nylon 

bags (sacks) during storage of crops because they were cheap 

and easily available compared to sisal sacks. Also this study 

revealed that almost more than half of the respondents 

declared that their crops got mouldy during storage but they 

did not know whether it was aflatoxin or not because the 

word “aflatoxin” was a new terminology to them. This is 

inconsistent with the findings [21] who reported that it is 

suitable to keep the grains from contact with the soil, keep 

them in wooden pallets or on concrete floor and ensure 

adequate ventilation in the storage facility which helps to 

prevent an increase in moisture content, insect, and rodent 

infestation during storage; for that is a critical measure 

against aflatoxin contamination. Also, [50] in Kenya reported 

that the majority of the farmers did not protect their grains 

against scorching sunshine, termites and pests damage, and 

more importantly, mould colonization. [51], in his study on 

aflatoxins level on locally grown maize from Makueni 

District in Kenya noted that nylon sacks (bags) were 

commonly used as grain storage containers by 89 % of the 

respondents. These sacks maintain moisture and prevent free 

air circulation within the grain store hence they promoting 

aflatoxin contamination while the sisal sacks which are 

known to keep minimal moisture content reduce aflatoxin 

contaminations and were used by only 10 % of the people.  

This study shows that more than half of the parents 

provided animals (cow, hens and ducks) with the mouldy 

feeds after harvesting while some of them were using them as 

local brewing ingredients and others consumed the mouldy 

food by mixing it with good one and milling it without even 

sorting or winnowing. Parents used mouldy food both for 

special and family food for their children, thus exposing 

themselves to great health risks of eating contaminated foods 

with aflatoxins. The parents in these study areas should be 

trained on appropriate methods of drying, storage and 

dehulling their crops after harvesting in order to control 

fungal and aflatoxin infestation. Also, harvesting time is vital 

in order to manage aflatoxin contamination. 

5. Conclusion 

Most of the parents in these study areas engage in small-

scale, mixed farming that includes some livestock. Maize, 

sorghum, and groundnuts are the primary dietary staple and 

the main crops produced in these study areas. These crops are 

very susceptible to mouldy if inappropriately processed. At 

harvest, farmers store most of their crops for household 

consumption in poor storage facilities and sell the rest (if 

they harvest enough) to meet other household needs. When 

household crops stored are finished, farmers sell their 

livestock and purchase crops from the market. Due to food 

shortage and low knowledge on fungal and aflatoxins 

contamination, these families sometimes eat undehulled, 

unsorted and mouldy crops without washing or winnowing 

them hence exposing themselves to high health risks of 

aflatoxin contamination in their diet. 

This study strongly recommends that parents in Central 

Tanzania need to be made aware of potential health dangers 

of fungal and aflatoxin production in their crops through 

enhanced involvement of agricultural extension services in 

farming communities. The agricultural extension officers and 

village health officers need to be trained on aflatoxin 

awareness and knowledge since they are also unaware of 

these aflatoxins. The agricultural extension officers need to 

know issues that can result in fungal infection and aflatoxin 

production and how contamination of crops can be reduced 

before they are used in the preparation of complementary 

foods. The agricultural extension officers should in turn 

advise farmers on good agricultural practices that can reduce 

aflatoxins contamination of crops such as good pre and post 

harvesting practices. 
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