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Muhimbula & Issa-Zacharia, 2010; Shirima et al., 2015) which are also susceptible to aflatoxin 

contamination. The use of such ingredients in CFs may therefore mean that Tanzanian IYC may 

be exposed to AFs very early in life (Moran & Dewey, 2011) through complementary feeding 

(Kimanya et al., 2014; Magoha et al., 2016; Shirima et al., 2015).  

The exposure of IYC to AFs is a serious public health concern because their daily/routine 

consumption of CFs contaminated with low levels of AFs can cause chronic exposure (Tola & 

Kebede, 2016; Wild & Gong, 2010) while the consumption of high concentrations of AFs can 

cause acute aflatoxicosis and death (Kamala  et al., 2018b; Liu & Wu, 2020). Aflatoxins are 

classified as class I human carcinogens which are associated with liver cancer (IARC, 1993), 

stunting in children (Gong et al., 2002, 2003; Turner, 2013), adverse birth defects (Turner et al., 

2007), and suppression of the immune system (Jiang et al., 2005; Turner, 2013). This is especially 

worrying since children are more vulnerable to toxins owing to their lower body weights, less-

developed organs, and inability to detoxify (Lombard, 2014), which can subsequently affect their 

health, and development due to the associated effects of AFs on the immune system, growth, and 

body organs (Kimanya et al., 2014; Magoha et al., 2016). As such, there is extensive attention on 

the risks of dietary exposure of IYC to AFs. Several studies have demonstrated the occurrence of 

chronic dietary exposure and co-exposure to AFs and other mycotoxins among IYC in Tanzania 

(Anitha et al., 2020; Chen et al., 2018; Kamala et al., 2018b; Kimanya et al., 2014; Magoha et al., 

2016; Makori et al., 2019; Shirima et al., 2015). Yet, there are limited studies on the contribution 

of key ingredients of CFs to the exposure of IYC to AFs in Tanzania. The high risk of exposure 

of IYC to mycotoxins has in the past been associated with poor feeding practices, inadequate 

knowledge and awareness of AFs, and use of monotonous diets during complementary feeding 

(Beyene et al., 2016; Makori et al., 2019), but there is limited data linking these aspects to the 

risks of exposure of IYC to AFs. The present study was, therefore, designed to assess the 

complementary feeding practices and estimate the contribution of the main CF ingredients to 

aflatoxin exposure among the IYC in Kongwa district, Tanzania. Additionally, the study was 

conducted as part of formative research to inform the design of an IYC feeding intervention as 

part of a cluster-randomized controlled mycotoxin mitigation trial (MMT) in the district. As such, 

the study further assessed the acceptability of improved complementary porridge flour with 

acceptable levels of AFs, which is one of the intervention materials for the trial. In other studies, 

educational and other interventions on feeding practices have proven useful in improving child 

nutrition through the reduction of AFs exposure (Aguayo, 2017; Owino, 2006).  
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respectively (Dhanasekaran et al., 2011; Hruska et al., 2014). Aflatoxin B1 is not only the most 

potent carcinogen but also the most studied (Negash, 2018).  

Apart from these major forms of AFs, several other derivatives of AFs such as Q1, M1, M2, and 

B2a,  are biotransformation products of the major metabolites (de Oliveira & Corassin, 2014). For 

instance, AFM1 and AFM2 which are associated with milk and milk products of cows that consume 

contaminated feeds (van Egmond, 1989), are the hydroxylated metabolites of AFB1 and AFB2 

respectively (Giray et al., 2007; Hussain & Anwar, 2008). These two forms of AFs can also be 

found in meat, eggs, and urine (Nisa et al., 2016). Therefore, the exposure of humans to AFs in 

both conjugated and unconjugated forms is mostly through the intake of contaminated animal and 

plant products since these compounds are resistant to heat in conventional treatment temperatures 

(Negash, 2018). Nevertheless, the mutagenesis and tumorigenesis capability of AFM1 is less than 

AFB1 (Creppy, 2002).  

Aspergillus flavus is known to produce only AFB1 and AFB2, while A. paraciticus produces all 

the major types of AFs (Midorikawa et al., 2008; Pratiwi et al., 2015). Apart from A. flavus, other 

Aspergillus species have been associated with the production of AFs (Pitt & Hocking, 2006), but 

with different aflatoxigenic profiles (El Khoury et al., 2011) based on DNA (nor1) sequence and 

amplified fragment length polymorphism analyses (Rodríguez et al., 2012). Table 1 exhibits the 

different types of AFs produced by different Aspergillus species.  

Table 1:  Types of aflatoxins produced by some Aspergillus species 
Aspergillus species Type of Aflatoxin(s) References 

A. nomius B and G Yan et al. (2012) 

A. flavus B Schmidt-Heydt et al. (2010)  

A. flavus G García-Díaz et al. (2019) 

A. minisclerotigenes G Singh et al. (2020) 

A. parasiticus B and G Levin (2012) 

A. ochraceoroseus  B and G Cary et al. (2012) 

A. pseudotamarii B Baranyi et al. (2013) 

A. bombycis B and G Probst et al. (2014)  

Table 2 provides the general properties of the four major types of AFs. The toxins are generally 

odorless, tasteless, and colorless, and thus, not easily detectable. Therefore, laboratory testing is 

the only assured method of detection (Jallow, 2015). However, certain indicators of mold growth 
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their dispersal, and kernel infection rate, thereby contributing to the accumulation of AFs. This 

particularly occurs in lower altitude areas which are usually warmer, and have high temperatures 

and humidity as opposed to higher altitude areas which are normally cooler and have lower 

humidity and temperatures (Nyangi et al., 2016a). The prevailing conducive weather in SSA is 

characterized by high humidity and temperatures coupled with dryness; which promotes fungal 

growth and production of AFs (Abbas et al., 2009). According to Patel et al. (2015), under 

favorable temperature and humidity, these fungi grow on foodstuffs like maize, groundnuts, rice, 

figs, and other dried foods from contamination before, during, or after harvest. Aflatoxigenic fungi 

can also grow under long-term storage from heat and high humidity (Hell et al., 2010).  

Apart from temperature and humidity, other pre-disposing conditions leading to fungal growth and 

the production of toxins may include poor soil fertility, monsoons, and unseasonal rains during 

harvest (Kamala et al., 2015). Besides, other factors like nitrogen stress that affects plant growth 

during pollination can also elevate the quantities of AFs produced by the Aspergillus (Wagacha & 

Muthomi, 2008).   

2.4.2 Insect Pests and Biotic Stresses 

Among the factors which promote the production of AFs is insect damage to plants (Kamala et 

al., 2015). Insects are the primary biotic stressors that influence fungal colonization and the 

production of toxins in maize. As reported by Widstrom et al. (2003), several studies have shown 

a positive correlation between ear-feeding insects and the presence of mycotoxins in kernels. This 

is probably because damaged grains are more prone to fungal contamination, and, therefore, toxin 

formation (Ostry et al., 2015). According to Kebede et al. (2014), insects feeding on developing 

kernels, and other biotic and abiotic stress facilitate fungal infection and production of AFs. The 

damage of kernels or ears by insects or birds creates portals for entry of aflatoxigenic fungi thus, 

insect pests and other biotic plant stresses like birds increase the vulnerability of crops to 

Aspergillus colonization and contamination with AFs in the field or during storage (Benkerroum, 

2020). In this regard, controlling insect damage can reduce the risk of fungal infection and 

mycotoxin production (Coppock et al., 2018). 

2.4.3 Harvesting and Post-Harvesting Practices 

Aflatoxin contamination is an intricate process that starts in the field when fungi originating from 

plant debris and soil contaminate crops and continues as the crop grows to maturity and during 

storage, especially if subjected to a conducive environment for fungal growth (Probst et al., 2014)  
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2.5.1 Pre-Harvest Practices 

Regarding pre-harvest practices for reducing aflatoxin contamination and dietary exposure, crop 

rotation is a common practice. According to a study by Mutegi et al. (2009), the continuous 

production of groundnuts on the same farm may lead to heavy fungal infestations and aflatoxin 

contamination. Subsequently, crop rotation with non-host crops can reduce the survival of fungal 

strains between seasons (Mutegi et al., 2012). In a study by Marete et al. (2020) in Kenya on the 

effects of various agricultural practices on levels of AFs in maize, crop rotation was found to be a 

significant factor. This confirms that crop rotation reduces mycotoxin contamination of crops by 

disrupting the cycles and accumulation of aflatoxigenic fungi (Marete et al., 2020). However, the 

intercropping of grains, especially wheat and maize should not be done since both are prone to 

contamination with aflatoxigenic fungi (Achaglinkame et al., 2017). Since insects also contribute 

to the contamination of crops with AFs by creating avenues of entry for fungi, spraying with 

insecticides in the field may reduce contamination incidences with, and thus exposure to AFs. In 

a study by Udoh et al. (2000) in Nigeria, farmers who reported insect problems in their storage 

facilities were established to be more likely to have AFs in their foodstuffs. 

2.5.2 Sorting, Winnowing and Washing of the Grains 

Some of the most common pre-storage post-harvest interventions involve decontamination, 

removal, and degradation of AFs by a variety of physical methods. According to Ayieni (2021), 

physical interventions like hand-sorting, cleaning/washing, and winnowing can effectively reduce 

mycotoxin exposures and contamination levels. For instance, sorting, which can be done by hand 

or floatation and density segregation, can remove existing aflatoxin contamination in contaminated 

kernels. The sorting process seeks to remove grains with substandard quality based on physical 

properties like size, colour, density, shape, and the noticeable identification of fungal growth. By 

removing discolored or damaged grains, sorting reduces the occurrence of AFs and contaminants 

in foods and feeds (Fandohan et al., 2005). According to Shakerardekani et al. (2012), AFs 

contamination in pistachio nuts can be reduced by more than 95% by color-based sorting. Xu et 

al. (2017) also established a > 90% reduction of aflatoxin contamination in peanuts in Rural 

Gambia by sorting. Zivoli et al. (2016) also established similar results in sorted apricot kernels. 

Nevertheless, sorting and other physical methods are labor-intensive and generally impractical on 

large scale, limiting their use. In yet another study in Kenya, Marete et al. (2020) established that 

farmers sorted shelled maize. Generally, sorting helps to reduce aflatoxin contamination since 

damaged seeds are more prone to infestation by aflatoxigenic fungi compared to good ones. 
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Another mechanism of sorting involves floatation whereby grains are immersed in water followed 

by the removal of bad ones. Due to the density differences, if contaminated and non-contaminated 

grains are immersed in water, the former float and are easily discarded alongside the AFs they 

contain (Fandohan et al., 2005).  

2.5.3 Drying and Dehulling 

Drying and dehulling can significantly prevent or reduce the contamination of foods/feeds with 

AFs. A previous community-based intervention in Guinea entailed the proper drying and storage 

of groundnuts in farming villages (Turner et al., 2005). The trial attained > 50% reduction in mean 

serum aflatoxin levels in the people. This demonstrates that simple and cheap postharvest 

techniques can significantly reduce exposure to AFs. These have also been confirmed to reduce 

the dietary exposure of infants to AFs in maize (Kamala et al., 2018a). Other traditional methods 

of reducing AF contamination of foods include milling, fermentation, and roasting to reduce water 

activity, fungal growth, and contamination as has been established by Olagunju et al. (2018) in 

Bambara groundnuts. 

2.5.4 Use of Radiations and Ozone 

Radiations have been shown to reduce the contamination of food with AFs in various studies. 

According to Jalili et al. (2010), gamma radiation can effectively prevent the contamination of 

food products with AFs. Unlike other physical prevention mechanisms, radiations reduce 

contamination by destroying the aflatoxigenic fungi. Several studies have reported the use of 

gamma radiations on decreasing AF contamination as outlined in Udomkun et al. (2017). Markov 

et al. (2015) also investigated the destruction of aflatoxin-producing fungi and the subsequent 

reduction of AFB1 through gamma radiations and established that the growth, germination, and 

sporulation of the aflatoxigenic fungi could be prevented by gamma radiation. However, the 

efficiency of gamma-irradiation is dependent on several factors, like the type and number of fungal 

strains, dosage, food composition, and the prevailing humidity (Jalili et al., 2010; Kanapitsas et 

al., 2015). Furthermore, there are conflicting reports about the potential of gamma radiation for 

the mitigation of contamination of foods with AFs are rather inconsistent Udomkun et al. (2017). 

Reports are also present regarding the use of ultraviolet (UV) radiation as a non-thermal, 

affordable technology for the destruction of AFs in various foods. For instance, Atalla et al. (2004) 

established that AFB1 and AFG1 were removed in wheat grains after UV radiations were applied 

for 30 min, while AFB2 was decreased by 50 - 74% following exposure to UV radiations. 
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AFs in foods/feeds but also limit the import of contaminated products to limit exposure to 

mycotoxins in general. The limits differ among countries and the regulatory values are mainly 

derived from available knowledge on toxicity and the potential existence of animal products 

(Negash, 2018). For instance, animal feed grains in the United States are allowed up to 300 µg/kg 

AFs (Wolde et al., 2018). The regulatory limits of AFs in some countries are shown in Table 3. 

The regulation of AFs began back in the 1960s and now exists in about 100 countries worldwide 

covering approximately 90% of the global population (van Egmond & Jonker, 2004). Many 

countries now have specific regulations for AFB1 or total AFs in food and agricultural products 

(Wu & Guclu, 2012). Of the four AFs, AFB1 is not only the most toxic but also the most frequent 

(Negash, 2018). The European Union has set an ML of 0.10 µg/kg for AFB1 in baby foods 

(European Commission, 2010). The common limits for AFB1 and total AFs in foods are 5 and 15 

µg /kg respectively, but more stringent regulations were established for peanuts, dried fruits, nuts, 

and cereals by the EU (European Commission, 2006).   

The number of countries regulating AFs has significantly increased over the years. Internationally, 

the EU regulation, US Food and Drug Administration (FDA), and Codex Alimentarius 

Commission (CAC) have widely been accepted as the guidelines for establishing the MLs for AFs 

in foods and feeds. Due to the toxicity of AFs, their presence in food supplies is strictly regulated 

in developed countries (Masomo, 2020), but their regulation is still a challenge in developing 

nations like Tanzania where food supplies are already limited and legal measures may inflate food 

prices.   
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households, such ingredients include sugar or salt, and other cereal grains like peanut, finger millet, 

and rice composite flour porridge (Muhimbula & Issa-Zacharia, 2010). Apart from cereals, 

vegetables and fruits, legumes and nuts, fish, meat, poultry and eggs, roots and tubers, and milk 

and milk products are also used as CFs in Tanzania (NBS & ICF Macro, 2011). Most foods and 

ingredients for CFs are highly prone to contamination with AFs which can result in acute and 

chronic dietary exposure. Besides the risk of exposure to AFs, infant diets in resource-constrained 

areas are often cereal-based CFs which are generally low in protein and important amino acids 

like tryptophan and lysine (Osundahunsi & Aworh, 2003), and do not provide adequate nutrition 

(Aron et al., 2017). The various types of foods used for complementary feeding in Tanzania are 

further discussed in the first section of 2.10. 

2.12 Dietary Exposure of Infants and Young Children in Tanzania to Aflatoxins through 

Complementary Feeding  

Literature suggests that Tanzanian IYC are exposed to unacceptable levels of AFs at a very young 

age (< 12 months) (Lombard, 2014; Shirima et al., 2013), indicating that the CFs are introduced 

before the age of 6 months contrary to the recommendations of WHO on complementary feeding. 

According to the 2015-2016 TDHS, 16, 41, and 73% of infants less than 2 months, between 2 -3 

months, and between 4 -5 months respectively, were introduced to CFs (NBS, 2016). This suggests 

that the infants may be exposed to diets containing AFs very early in life (Moran & Dewey, 2011). 

This is especially worrying since children are more vulnerable to toxins owing to their lower body 

weights, less developed organs, and inability to detoxify (Lombard, 2014), which can subsequently 

affect their health, and development due to the associated effects of AFs on the immune system, 

body organs, and growth (Kimanya et al., 2014; Magoha et al., 2016).  

A majority of CFs in Tanzania are cereal-based (Lombard, 2014), which can be contaminated with 

aflatoxigenic fungi during growth, pre-and post-harvesting, drying, transportation, or storage 

(Shabani et al., 2015), which increases their exposure to AFs.  According to Lopriore and 

Muehlhoff (2005), most CFs in SSA are made of maize, groundnuts, sorghum, and millet. Like 

Kenya, maize-based gruels are common CFs in Tanzania (Mamiro et al., 2005). Sorghum, rice, 

millet, cassava, yams, and potatoes are also common CFs in Tanzania (Mamiro et al., 2005). 

Several studies in the country have established the high exposure in IYC to AFs through maize-

based diets (Kimanya et al., 2008, 2014; Shirima et al., 2013; Suleiman et al., 2017), and breast 

milk from mothers whose primary diets consist of maize (Magoha et al., 2014). For instance, 32% 

of children in Rombo district were established to consume flours with detectable levels of AFs 
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Figure 1:  Kongwa District in Dodoma region, the central part of Tanzania  

Data from the FGDs and RTs were followed by second formative research composed of two short 

trials. Specifically, the FGDs and RTs were conducted to inform the messages and interaction with 

mothers (during short trials) while assessing the acceptability of the AF-safe maize-groundnuts 

pre-blended flour (AFSaBF) for the preparation of thin porridge and AF-safe groundnuts powder 

(AFSaGP). The AFSaBF and AFSaGP were improved in terms of safety hence the name AF-safe. 



 

41 

It was observed that mothers in Kongwa were normally formulating CF flours from cereal (largely 

maize) and groundnuts in different proportions. The preparation procedures for AFSaBF and 

AFSaGP were therefore informed by feeding practices previously identified from FGDs and RTs 

(Mollay et al., 2021).    

For the FGDs and RTs, a purposive sample of 60 respondents about 12 from each village) was 

selected from five villages (Ibwaga, Nghumbi, Songambele A, Pandambili B, and Mkoka) out of 

the 87 villages in Kongwa district. The villages were selected to represent remote and less remote 

settings. The respondents were mothers of children aged 6 - 18 months, identified with the help of 

community health workers in the villages. 

In the first visit of short trial 1, thirty-six mother-child (6 - 12 months of age) pairs were randomly 

enrolled from a list of eligible children from the Reproductive and Child Health clinic registers at 

the health facilities in each of the four villages (Mtanana A, Pandambili A, Sagara, and Machenje) 

that were selected purposively because of high production of maize and groundnuts. The 

information on maize production and consumption in Kongwa was provided by the District 

Agricultural Irrigation and Cooperative Officer (DAICO) and the District Nutrition Officer 

(DNuO). The enrolment and data collection were performed between mid-February and early 

March 2018, approximately 6 - 9 and 10 - 11 months after the harvesting of maize and groundnuts, 

respectively. This timing was scheduled to account for contamination of food ingredients with AFs 

during storage.  

The food samples were collected at two-point visits during the first short trial, before the 

assessment of the trial acceptability. The provision of the AFSaBF and AFSaGP was done during 

the second short trial, a time at which the acceptability data discussed in this research were 

collected. Therefore, the second trial was used to test the acceptability of an improved formulated 

AFSaBF and AFSaGP with a reduced quantity of AFs in the same villages and mother-child pairs 

in Kongwa district. A total of 35 children were characterized for the data collection on 

acceptability (Dickin et al., 1997). 

3.3 Study Methods 

3.3.1 Focus Group Discussions 

These discussions were designed to explore the types of ingredients used in CFs and how the 

mothers fed their children as well as what informed their choices/practices. Predesigned open-

ended questions guided the discussion in each FGD, and responses were noted. In each session, 
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administered (Appendix 1) and opinions regarding the use of groundnuts in CFs were raised and 

debated. The variation of ingredients of the prepared CFs were also noted by the researcher during 

RTs.  

3.3.4 Assessment of Complementary Food Intake  

A multiple-pass 24-hr dietary recall, as described by Gibson & Ferguson (2008) was used to collect 

information on the intake of CFs and estimate the food intake of the IYC with minor modifications 

(Appendix 2).  Passes 1 and 2 of the 24-hr dietary recall interview were used to generate a list of 

the drinks and foods taken by the targeted child in the past 24 hr. Pass 3 described the foods 

consumed, amounts, and recipes used. The household kitchen utensils such as cups, bowls, and 

spoons used by the mothers/caregivers were used to measure actual foods or ingredients,or in some 

cases, water was used to estimate the weights or volumes of ingredients used in the recipes of CFs. 

The researchers converted the amounts into weight and volume equivalents by using calibrated 

measurements. Pass 4 narrated the portion/size of food consumed by the children. Direct weighing 

was used to measure the portion/size of stiff porridge (actual food) consumed, in grams. The 

respondents used their cups to estimate the volume of thin porridge consumed using water. The 

volume was then converted to volume equivalents (mL) using standard measuring cups. To ensure 

the correct measure of the consumed portions/sizes, the respondents were asked to eliminate the 

leftovers, thus the final portions consumed by IYC were the ones measured by the researchers. 

The 24-hr dietary recall questionnaire was administered repeatedly at two-point visits at an interval 

of 10 days.  

3.3.5 Sampling Complementary Foods Ingredients  

From each of the respondent families, samples of the susceptible foods consumed by an infant in 

the past 24 hr were collected. Thus, food samples were collected at the time of each 24-hr recall 

based on what the child ate as discovered from the recall, for the analysis of AFs. About 250-500 

g of each sample was collected depending on the stock and amount each household was willing to 

offer. If a household had less than 1 kg of a required foodstuff, a request was made for a sample 

of about 250 g only. In cases where valuable food items like groundnut powder or pre-blended 

flour were used in the CFs and only small quantities of it were available in the households, a 

sample of about 100 g was collected. A food collection form (Appendix 3) was used to guide the 

enumerators on the procedures for sampling cereal grains and groundnut-based CFs. Each sample 

was thoroughly mixed by inverting the storage bag up and down vigorously about five times and 

samples were drawn from different parts of the bag and mixed thoroughly before drawing the 
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(iii)  A woman below 16 years of age 

3.7 Ethical Considerations 

Approval of the present study was obtained from the National Medical Research Institute of 

Tanzania (NIMR) (Permit numbers NIMR/HQ/R.8c/Vol.I/951 and NIMR/HQ/R8a/Vol.IX/2874). 

The approval to carry out the study was also given by the Kongwa District authorities. Before data 

collection, mothers/caregivers of eligible IYC signed written informed consent to take part in the 

study. For mothers who could not read and write, researchers read the informed consent statement 

to them and only those who verbally consented were provided with a stamp pad to embed their 

fingerprint signature.  
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and sorghum flour were used to prepare both stiff and thin porridges. Unlike lishe in which 

groundnuts were mixed with maize or other cereal(s) before milling, a proportion of groundnut 

flour as preferred by the mother/caregiver was separately added into the maize-based thin porridge 

while cooking.  

Table 12:  Common complementary foods in Kongwa District 

Village Main food Other protein-
based foods 

Other foods  
(fruits and Vegetables) Snacks/others 

     
Nghumbi Mashed irish 

potatoes, thin 
porridge, stiff 
porridge. 
 

Sardine sauce, 
milk. Mango, Ripe banana 

Artificial juice 
(commercial) 
Tea. 

Ibwaga Stiff porridge, thin 
porridge, Irish 
potatoes. 
 

Milk, 
groundnuts, 
eggs. 

Oranges, fruits Biscuits, 
Doughnut, 

Songambele 
A 

Mashed Irish 
potatoes, stiff/thin 
porridge, and 
banana (puree) with 
potatoes. 
 

Boiled cow's 
milk. 

Natural (fresh) orange 
juice, mangoes, natural 
mangoes juice. 

Artificial 
(commercial) 
mango juice, 
water, and soda. 
 

Pandembili 
B 

Thin porridge, stiff 
porridge, potatoes 
(puree), thin rice, 
spaghetti. 
 

Cow's milk. Fruits like mangoes and 
bananas. 

Tea, juice, 
doughnut. 

Mkoka 
 
 

Thin porridge, 
banana, potatoes 
(puree) mashed 
rice. 

Cow's milk, 
boiled fish, 
beans soup, 
sardines. 

Mangoes, amaranth soup, 
dried green vegetables, 
mangoes, watermelon and 
banana. 
 

 

Overall Thin/stiff porridge, 
thin rice porridge, 
Irish potatoes, 
spaghetti, and 
bananas. 

Milk, 
groundnuts, 
eggs, boiled 
fish, sardine 
sauce, beans 
soup 

Mango, Oranges, dried 
green vegetables, ripe 
banana, amaranth soup, 
and watermelon. 
 

Biscuits, 
Doughnut, 
artificial tea, 
soda, water 
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Table 13:   Types and consumption of complementary foods  

Household Ingredients Source Ingredient in blended 
flour 

Total amount of 
flour consumed 

(g/day) 
1 Maize Market  46.04 
2 Maize Market  32.94 
3 Maize Market  88.35 
4 Maize Market  67.83 
5 Maize Market  67.00 

6 

Post-
blended 

flour 
Market Maize +groundnuts 14.03 

7 Maize Market  25.50 

  

Post-
blended 

flour 
Market Maize +groundnuts 18.33 

8 Maize Market  46.75 

  

Post-
blended 

flour 
Market Maize +groundnuts 49.74 

9 Maize Market  19.26 
10 Maize Market  22.95 

  

Post-
blended 

flour 
Market Maize +groundnuts 24.31 

11 Maize Market  73.52 
  Sorghum Market  36.36 
12 Sorghum Market  106.18 

13 
Pre-blended 

flour Home grown Maize +groundnuts 63.92 

  Maize Home grown  60.29 
14 Maize Market  149.60 

  
Pre-blended 

flour Market Maize +groundnuts 48.62 

15 
Pre-blended 

flour Home grown Maize +groundnuts 
+sorghum 19.55 

  Sorghum Home grown  19.55 
  Maize Home grown  18.72 

  

Post-
blended 

flour 
Home grown Maize +groundnuts 57.04 

16 Sorghum Home grown  73.44 
  Maize Market  43.56 

  

Post-
blended 

flour 
Home grown Sorghum +groundnuts 38.34 

 

Post-
blended 

flour 
Market Maize+ groundnuts 15.90 

17 
Pre-blended 

flour Home grown Maize +groundnuts 50.15 
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Household Ingredients Source Ingredient in blended 
flour 

Total amount of 
flour consumed 

(g/day) 
  Maize Market  23.4 
  Rice Market * 32.64 
18 Maize Home grown  62.99 

19 Maize Home grown +  
marketa  89.16 

20 Pear millet Market  28.05 
  Maize Home grown  20.52 

21 

Post-
blended 

flour 
Market Maize +groundnuts 54.23 

22 Maize Market  42.73 

  

Post-
blended 

flour 
Market Maize +groundnuts 54.23 

23 Maize Market  28.05 

 

Post-
blended 

flour 

Home grown + 
marketb Maize + groundnuts 38.34 

24 
Pre-blended 

flour Market Maize +groundnuts 107.10 

  Maize Home grown  73.80 
25 Maize Market  65.25 

  

Post-
blended 

flour 
Market Maize +groundnuts 87.89 

26 Maize Market  19.44 

  

Post-
blended 

flour 
Market Maize +groundnuts 110.33 

27 Maize Market  29.47 

28 
Pre-blended 

flour Market Maize +groundnuts 
+rice 35.38 

  Maize Home grown  31.68 

29 
Pre-blended 

flour Market PRUP (KIBOKO) 37.4 

  Maize Market  12.24 
30 Maize Market  22.32 

  

Post-
blended 

flour 
Market Maize + groundnuts 36.47 

31 Maize Market  62.28 

  
Pre-blended 

flour Market Maize +groundnuts 
+rice +millet 73.95 

32 Maize Home grown + 
marketc  40.78 

  

Post-
blended 

flour 
Home grown Maize + groundnuts 46.75 
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finger millet, and tamarind. About 75% of the lishe blends contained 66.7 to 80.0% (w/w) cereals. 

All (100%) of lishe were constituted of 7.7 to 33.3% (w/w) groundnuts. In very infrequent 

incidents, other ingredients like sugar, Baobab juice, and Blue-Band margarine were added to the 

porridge during preparation. 

(iii) Sources of Ingredients 

During both RTs and FDGs, the mothers reported purchasing maize and groundnuts from January 

to May and July to December, respectively, after they ran out of self-produced food. Other 

ingredients like sugar, salt, Blue-Band margarine, wheat, rice, and soya-bean were bought and 

utilized depending on the availability of funds. 

In most cases, we use these as ingredients but not all. What we use depends on what we 

can afford at the moment [said one of the respondents]. 
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Table 14:  Lishe ingredients in Kongwa district 

Village Porridge 
ingredient 

Ingredients 
weight in Kg 

Cereal 
composition 
in composite 

flour %1 

Cereals: 
groundnu

ts ratio 

Groundnut 
composition in 

%2 

Others (e.g., Baobab, 
Legumes, 
sardines) 

composition in %3 

Ibwaga Finger millet 1 80.0 12:1 7.7 12.3 
  Groundnuts 0.25     
  Rice 0.5     
  Soybeans 0.5     
  Maize (whole) 0.528     
  Sorghum 1     
         
  Finger millet 0.5 80.0 4:1 20.0 - 
  Maize 1     
  Groundnuts 0.5     
  Rice 0.5     
         
Nghumbi Maize (whole) 1 80.0 4:1 20.0 - 
  Groundnuts 0.25     
         
  Rice 0.25 75.0 3:1 25.0 - 
  Groundnuts 0.25     
  Maize 0.25     
  Finger millet 0.25     
         
Songambele A Groundnuts 0.216 80.0 4:1 20.0 - 
  Rice 0.314     
  Whole maize 0.264     
  Millet 0.276     
         
  Maize 0.528 80.0 4:1 20.0 - 
  Finger millet 0.56     
  Groundnuts 0.25     
         
Mkoka Maize 1 44.4 2:1 33.3 42.9 
  Groundnuts 0.5     
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 Table 16:  Proportion of groundnuts and AFB1 in cereal-groundnuts mix flour 
Flour ingredients type Groundnuts proportion  AFB1  (µg/Kg) 
Post-blended flour 0.066 0.176 
Post-blended flour 0.273 2.084 
Post-blended flour 0.220 2.646 
Post-blended flour 0.645 6.442 
Pre-blended flour 0.250 3.156 
Pre-blended flour 0.250 6.469 
Pre-blended flour 0.250 6.485 
Post-blended flour 0.200 0.131 
Post-blended flour 0.303 2.386 
Post-blended flour 0.449 5.962 
Pre-blended flour 0.250 1.395 
Post-blended flour 0.348 0.728 
Post-blended flour 0.127 0.688 
Post-blended flour 0.455 7.474 
Pre-blended flour 0.250 1.453 
Post-blended flour <0.001m 7.753 
Post-blended flour 0.297 89.661 
Pre-blended flour 0.200 0.996 
Pre-blended flour PRUP 1.616 
Post-blended flour 0.322 103.041 
Pre-blended flour 0.056 0.737 
Post-blended flour 0.211 3.506 
Post-blended flour 0.103 0.169 

Groundnuts proportional range (m-0.645) 
m= 0.00028098 
PRUP: Purchased Ready to Use Pre-blended flour (namely KIBOKO).   

The proportion of groundnuts in pre-blended and post-blended flour ranged from 0.000281 to 

0.65 with an average of 0.25 (Table 16). There was a strong and significant correlation between 

groundnut proportions in the post and pre-blended flour and the AFB1 contamination level (r 

= 0.5, p = 0.02). This implies that as caregivers increased groundnuts in the formulation of pre- 

or post-blended flour, there was an increase in the overall flour AFB1 contamination levels. 

The total AFs were computed as the sum of AFG1, AFG2, AFB1, and AFB2. Groundnuts were 

contaminated with AFB1 in the range of 0.55-317.00 µg/kg and contained the highest 

contamination levels with a median of 6.87 µg/kg than cereals like maize (median = 4.17 

µg/kg) and sorghum (median = 1.35 µg/kg). All cereal groundnut-based samples were 

contaminated with AFB1. The results also revealed that cereal groundnut-based flour 

formulations were the major contributors to the exposure of IYC to AFB1 (Table 16). 

(iii) The Risk of Dietary Exposure to Aflatoxins  

Table 17 shows the ingredients of CFs and estimated daily intake as used in the AFB1 exposure 

assessment and the MOE results. The dietary exposure to AFB1 estimated in the current study 

ranged from 0.33 to 1168 ng/kg bw/day with a median of 23.08 ng/kg bw/day. Consequently, 
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Table 20:  Reasons for continuing implementation of AFSaBF porridge cooking and 
consumption (n=35) 

Reasons Frequency (n) Percent (%) 
I like its thickness 11 31.4 

It fills a baby 7 20 

It has a good ratio 4 11.4 

I want to see good growth progress for my baby 4 11.4 

It is easy to prepare 4 11.4 

A baby liked it 2 5.7 

The flour is good 1 2.9 

Table 21:  Reasons for appreciation of AFSaGP (n=35) 
Reason Frequency 

(n) Percent (%) 

It have good taste on vegetable 10 33.3 
Reduction of the cost of buying and time of 
grinding groundnuts 10 28.6 

It is good 4 11.4 
They contain a lot of fat  fat 3 8.6 
It is  smooth and is  prepared in a good way 2 6.7 
The vegetable soup becomes thick when has 
groundnuts 2 5.7 

It was well packed  1 2.9 
It makes vegetable taste  good  and contains 
nutrients  1 2.9 

 

Table 22:  Other people who tasted the porridge in the household (n=35) 
Number of Tasters Households Percent (%) 

6 1 2.9 
5 3 8.6 

4 5 14.3 

3 9 25.7 

2 12 34.3 

1  5 14.3 

The present study further showed that other household members tasted the porridge in addition 

to the index child and they revealed that it was delicious and had good smell (Table 22). During 

the tasting, 88.6% of the household had tasters who consumed a little amount of porridge while 

11.4% of the household had tasters who consumed more than the indexed child.   
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Appendix 4: summary of multiple linear regression analysis results in graphs and tables for 
vitamin A 
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CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusion 

The present study was conducted to assess complementary feeding practices and the risk of 

exposure to AFs among IYC in Kongwa, Tanzania. The study showed that the CFs in Kongwa 

are mainly prepared in form of stiff or thin porridge whose key ingredients are maize, sorghum, 

pearl millet, rice, pre-blended flour, and post-blended flour (both pre- and post-blend are 

composite cereal groundnuts mix differed in formulation process). The study further showed 

that a higher risk of exposure of the IYC to AFs was largely contributed to by maize and 

groundnut. The complementary flour consumption ranged from 14.02 to 198.22 g/ child/day 

with an average of 89.45 g/child/day. Generally, the exposures of IYC to AFB1 were of public 

health concern. The mothers showed acceptability of the AFSaBF and AFSaGP which implies 

that future intervention and recommendation of new complementary feeding practices in this 

context may be successful. These formative research results suggest multiple interventions 

points to improve complementary feeding and reduce mycotoxin exposure in this population, 

including education messages package on feeding practices, mycotoxin control practices, and 

the formulation of CFs. Perhaps the best way to reduce the risk of exposure to AFs in this 

context will be through diet diversification and the replacement of maize and groundnuts with 

locally available foods such as pearl millet and legumes that are less prone to AFs 

contamination. 

5.2 Recommendations 

The findings of the present study indicate that IYC in the study area could be exposed to high 

levels of AFs through complementary feeding which calls for an emphasis on tackling this 

problem. The exposure of IYC to AFB1 in this context was likely a result of the repeated 

consumption of cereal groundnut-blended flours as CFs. The present study thus recommends 

that:  

(i) Owing to the small sample size and the fact that the research was conducted only in 

Kongwa, further research is necessary to account for the contribution of maize and 

groundnuts to the exposure of IYC to AFs through CFs in other parts of the country 

where this has not yet been established. 
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(ii) An observational study is necessary to test the acceptability of this AFSaBF and 

AFSaGP to establish the efficacy of this intervention. This can help to know if the 

provided flour was used for the targeted individuals, the IYC and if mothers trusted the 

researchers. 

(iii) Proposing a trial to investigate the impact of these improved foods on IYC health, and 

should also pay attention to further AF contamination of these food products at the 

household level. 

(iv) The current efforts to train mothers of IYC and the community on the proper processing 

of pearl millet and legumes like common beans to remove the anti-nutritional factors 

should be sustained to make these foods available for the replacement of maize and 

groundnut flours in CF formulations.  

(v) Tanzania to adopt stringent limits of AFs in IYC food and enforce and monitor those 

limits at both the national and community levels. 

(vi) There is a need for the provision of several interventions like education packages on 

feeding habits, mycotoxin control measures, and preparation of CFs in order to improve 

complementary feeding practices and lessen mycotoxin exposure in this population.  
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