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ABSTRACT

Feeding practices are the critical determinant of the growth and development of children during
the first 1000 days of life with a long time effect on adulthood. This study aimed at assessing the
diversity and safety complementary foods in terms of aflatoxins (AF). A total of 290 households
with infants aged between 6-24 months were recruited from 10 villages in Singida District.
Mothers were interviewed on infant feeding practices and handling of food crops using a structured
questionnaire. Anthropometric measurements of index child were taken, followed by collection of
1 to 3 cereals based food samples used in complementary feeding in 180 households. A total of
218 flour samples made from maize, sorghum, millet, composite and fermented-germinated
sorghum locally known as magai and magai drink; from magai flour were collected. Food samples
were analyzed for aflatoxins using High-Performance Liquid Chromatography (HPLC).
Anthropometric measurements showed that 37.7% were stunted; 20.3% underweight and 8.3%
wasted. Furthermore, aflatoxin B1 was detected in 80 (36.7%) out of 218 complementary food
samples. Aflatoxin B1 levels ranged from 0.33 to 23.75 ug/kg whereas, total aflatoxins were
detected in 185 (84.9%) of 218 samples in a range of 0.47 to 289.28 pg/kg. However, mean dietary
exposure to all food were; magai drink (133.36 ng/kg body weight per day), composite flour (106.0
ng/kg body weight per day), maize flour (111.70 ng/kg body weight per day), sorghum flour (94.68
ng/kg body weight per day) and millet flour (92 ng/kg body weight per day).
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CHAPTER ONE

INTRODUCTION
1.1 Background of the problem

Undernutrition is still a significant health problem in children below the age of five years, whereby
stunting is the leading indicator. Globally, about 165 million children under the age of five years
are stunted with a prevalence of 26% (Stewart et al., 2013). In Africa, the prevalence of stunted
children was reported to be 20% (World Health Organization [WHQO], 2018), whereby in Tanzania,
about 3 million children are stunted with the prevalence of 31.8% (Ministry of Health, Community
Development, Gender, Elderly and Children [MoHCDGEC], 2018). Malnutrition remains the main
cause of poor growth and development (Nti, 2014) which leads to recurrent infections and diseases.
Persistence of undernutrition within the age of 0-2 years becomes irreversible and leads to severe
consequences (Sudfeld et al., 2015). Poor cognitive performance in school, low productivity and
wages at adulthoods (De Onis & Branca, 2016) and non-communicable diseases are the results of
persisted undernutrition (Nti, 2014). Some evidence has shown that stunting is attributed by age
and it is rare in infants between 0-6 months due to adequate supply of nutrients if exclusive
breastfeeding is well achieved (Stewart et al., 2013). The stunting rate increases gradually with an
increase in age from 6 -24 months following the introduction of complementary feeding (Chen,
2016). This increased rate of stunting could be due to introduction of nutritionally inadequate
complementary foods and recurrent infections (Stewart et al., 2013). Furthermore, the infections
resulted from poor sanitation and personal hygiene due to carelessness like improper disposal of
fecal and the use of open latrines linked to environmental, socio-cultural, economic and geographic
factors (Chen, 2016; Eroglu, 2019; Stewart et al., 2013).

Timely introduction of safe, adequate and appropriate complementary foods (WHO, 2003b) after
the age of six months alongside breastfeeding is known to promote good nutritional status of
children within the first two years of age. Dietary diversity brings in an important synergy to supply
the recommended energy density and other nutrients needed for physical growth, brain
development and health maintenance (Arimond & Ruel, 2004). Feeding of children with a
diversified diet from plant and animal sources right from the introduction of complementary food
has demonstrated positive impacts on nutritional status (Traore et al., 2012). This refers to feeding
at least four food groups namely; grains, roots or tubers, legumes or nuts, flesh foods (meat, poultry,

fish and seafood), milk and milk products, eggs, vitamin A-rich plant foods and other fruits and



vegetables within a week (Rah et al., 2010). A study conducted in South Africa revealed statistical
significance between child growth and dietary diversity (Steyn et al., 2006). Other studies reported
a positive correlation between dietary diversity and improved nutritional status (Arimond & Ruel,
2002; Hatlgy et al., 2000).

In Tanzania, 41% of the children aged 0-23 months are introduced to complementary foods as early
as before the age of six months (United Nations International Children's Emergency Fund
[UNCEF], 2015). This is due to social-cultural and economic factors, together with the absence of
nutrition education to mothers. Mostly complementary foods are cereals based with limited amount
of other food groups necessary to provide essential nutrients for growth and development. Cereal
based foods lack essential nutrients and most contain anti- nutritional factors that prevent the
absorption of some nutrients. Of a critical disadvantage, cereals especially maize are prone to

fungal contamination and may result in mycotoxin exposure among children (Ezekiel et al., 2018).

Mycotoxins are toxic secondary metabolites produced by organisms of the fungus kingdom. Of a
wide range of mycotoxins known, aflatoxins rank the first in the list of mycotoxins of public health
concern, and are produced by Aspergillus flavus and Aspergillus parasiticus which contaminate
cereal crops (Gong et al., 2016). Cereal and legume crops are usually highly susceptible to these
contaminants due to the hot and humid climate as well as poor field management and storage
practices (Wild & Gong, 2009). There are four types of aflatoxins namely aflatoxin B1 (AFB1),
aflatoxin B2 (AFB2), aflatoxin G1 (AFG1) and aflatoxin G2 (AFG2) which are commonly found
in cereal-based foods and feeds (Gong et al., 2016). Of the four types, aflatoxin B1 is the most
toxic and identified as carcinogenic by the International Agency for Research on Cancer (IARC)
(Loprieno, 1975).

Nation and international regulatory bodies have set maximum tolerable limits for these toxins in
trade and baby foods (Brown et al., 1999; Gong et al., 2016) for consumers protection.
Nevertheless, it has been a challenge for developing countries to meet these standards due to poor
strategies and policies on management practices as well as lack of technological resources for
constant monitoring (Strosnider et al., 2006). In addition, subsistence and rain-fed agriculture
practiced in rural particularly semi-arid areas with a high risk of food insecurity (Kulwa et al.,
2015), are known to contribute to high levels of aflatoxins exposure (Gong et al., 2016). These
long terms residential related exposure leads to chronic exposure to more than 5 billion people

(including children) worldwide. Developing countries are leading in accumulation of toxins



through contaminated cereal-based foods that are frequently consumed as the main staple and
weaning foods (Wu, 2014).

The exposure normally occurs to any individual in different stages of growth including children
where it ends up in health problems like hepatitis and cancer to adults and stunting in children
(Gong et al., 2016). Stunting in children is a result of immunity suppression which causes
susceptibility to recurrent infections whereby the mechanism of this relationship is a bit
complicated. Different studies had detected different mechanisms on this like; disruption of insulin-
like growth factors (IGF) caused by AF exposure which lead into toxicity in the liver (Castelino et
al., 2015), immunosuppressive effect of AF exposure which explores the child into infection
susceptibility thereby may decrease appetite and nutrients bioavailability (Gong et al., 2008), and
furthermore inhibition of protein synthesis caused by AF exposure may damage the intestinal walls

to reduce nutrients absorption (Smith et al., 2012) and likely growth impairment.

However, in most cases, these effects are created during weaning as a result of frequent
consumption of cereal-based complementary foods (Gong et al., 2003) which are the most suspect
of AFB1 and it is most destructive compared to AFM1 from breastmilk (Gong et al., 2016). The
study done in Kenya by Okoth and Ohingo (2004), shows the relation between high levels of AF
found in maize-based family foods and growth retardation in children associated with low weight
for height (wasting). Another study conducted in Tanzania reported a high level of contamination
of homegrown maize of up to 158 pg/kg which is above the limit set by Tanzania regulatory of 10
pg/kg (Kimanya et al., 2008) and the cereal was found to be the main ingredient of complementary
foods (Shirima et al., 2014) especially in rural areas where dietary diversity would be minimal due

to education and economic viewpoint.

Thus, it has a health effect in child growth particularly stunting as indicated in one of the studies
done in semi-arid regions characterized by food insecurity and low dietary diversification problems
(McKinney, 2006). To date, there are no studies documented the extent of consumption of cereal-
based foods in children aged 6-24 months of age in Singida, Tanzania. Moreover, there are no data
on the extent of aflatoxins contamination of the cereal-based materials used in the preparation of
complementary foods in this location and there resulted in infant exposure to these toxins.
Therefore, this study was conducted to estimate consumption of cereal-based complementary food
among children aged less than 2 years in Singida region of the central semiarid part of Tanzania.

Specifically, the study was determined the levels of aflatoxins contamination of cereal-based



materials used in preparation of complementary foods and a subsequent dietary exposure to

aflatoxins among these children.

1.2 Statement of the problem

Aflatoxins contamination is one of the major challenges afflicting human health worldwide.
Aflatoxins exposures in children can occur through breastfeeding (Magoha et al., 2014) and
complementary foods especially in areas where maize which susceptible to aflatoxin and
fumonisins (Kimanya et al., 2010) is used as a basic ingredient in the preparation of
complementary foods. Other crops which are prone to aflatoxins and commonly used in the
preparation of complementary foods include groundnuts, sorghum, millet and finger millet
(Makori et al., 2019). Aflatoxins exposure affects the growth and development of children and
makes them more susceptible to infectious diseases and stunting (Gheysens, 2015; Gong et al.,
2003). Reports show a remarkable association between aflatoxins exposures in children and both
stunting and underweight, which are indicators of acute and chronic malnutrition during weaning
and family foods (Gong et al., 2002).

However, socioeconomic status and poor knowledge on nutrition, contribute to significant
adverse health impact as dietary diversification receive less attention in low-income populations
(including Tanzania) by relying heavily on only a few dietary staples such as maize, sorghum,
groundnuts, and rice; which are often used in complementary feeding, and are highly susceptible

to aflatoxins contamination (Wu et al., 2014).
1.3 Rationale of the study

Despite various nutrition interventions employed to balance diets; little has been done to integrate
food safety and mycotoxins contamination in areas where food diversity is hampered by low
social-economic status. The Singida Nutrition and Agro-Ecological Project (SNAP) found out
high levels of food insecurity and low level of dietary diversity linked to undernutrition mainly
stunting (24.7%) (unpublished report). As a follow-up, this study was designed to complement
findings from the SNAP project by ascertaining the risk of aflatoxins exposure in children
through multiple complementary foods and their contribution to undernutrition to better inform

the undernutrition mitigation strategies in Singida District Council.



1.4 Research objectives

1.4.1 General objective

This study was designed to assess the risk of AF exposure in children through complementary

foods (including family) foods in selected villages of the Singida District Council.
1.4.2 Specific objectives

(i)  To assess the dietary diversity and nutritional status of children aged 6-24 months.
(i)  Toassess aflatoxins exposure in children through cereal-based and other food materials that

are commonly used as complementary foods.
1.5 Research questions

(1)  How does the nutritional status of the children will be associated with their dietary patterns?

(i)  What extent do the complementary foods contaminated by aflatoxins?
1.6 Significance of the study

The study provided and document the information on the magnitude and impacts of exposure to
AF in children thus it created room for further studies and interventions for improvement of feeding

practices and health to abandon the risks of undernutrition and its related burden diseases.
1.7 Delineation of the study

This study aimed at assessing the diversity and safety of complementary foods in terms of
aflatoxins. Generally, this dissertation is divided into five chapters; Chapter one consists of the
background information, statement of the research problem, rationale of the study, objectives,
research questions and the significance of the study. Chapter two presents the literature review in
which major issues on aflatoxin contamination in baby complementary food and its effect in
nutritional status are discussed. Chapter three covers the methods and techniques used in the
assessment of nutritional status to children of 6 to 24 months, as well as aflatoxins exposure in
children through cereal-based and other food materials that are commonly used as complementary
foods. Chapter four presents the results and discussion whereby food materials used to feed
children are contaminated above the limit, and nutritional status of the children are still poor.
Chapter five presents the conclusion and recommendations. Although the results of this study show

high levels of contamination in magai dink which is used as soft drink to children, however, the



number of magai samples were very few. This limitation makes a research gap for future studies

on impact of magai in AF exposure in children and the whole family.



CHAPTER TWO
LITERATURE REVIEW
2.1 Nutritional status of children during 0-24 months of age

Desirable nutrition during the first 1000 days of life is essential because this is a window period
where critical growth and development take place (Dewey, 2003). This period starts from
pregnancy to the second birthday of a child, where the child needs good nutrition for brain
development, prevention of stillbirth and low birth weight (Khandelwal et al., 2014). During
pregnancy, adequate nutrient intake has an impact on the nutritional status of the children as it

would strengthen their immunity to disease, prevent premature births and low birthweight.

This will prosper the growth and development of the children in utero, after birth and later in life
because essential nutrients were sufficiently supplied. However, malnourished mothers are likely
to bear low birth weight babies and in the long run, could be stunted when they receive poor feeding
practices up to the age of 23 months. Furthermore, these may be corrected early in between
birthdate to 24 months of age by improving the feeding practices to ensure normal growth and
development of the child and his/her bright future.

In spite of all public efforts including, vitamin A supplementation, promoting fortification of wheat
flour with Fe, Zn, B1, oil with vitamin A and salt with iodine, as well as immunization against
preventable diseases in elimination of nutritional problem, but still, impaired growth is of high
prevalence in Tanzania (Shirima et al., 2015). This is shown by high rates of poor growth in
children below 5 years of age as the proportion of stunting (short for their age), underweight (thin
for their age) and wasting (thin for their height) are 34%, 14% and 5% respectively (Tanzania
Demographic Health Survey [TDHS], 2015).

2.1.1 Feeding practices and dietary diversity in complementary foods to children

These are practices that are significant in supporting healthy growth rates. The practices include
exclusive breastfeeding from birth to six months, timely and safe introduction of adequate
complementary feeding that supplying of energy, protein, and other important micronutrients like
vit A, Iron and Zinc after six months to 24 months (Dewey et al., 2003). In the provision of these
foods, consideration of dietary diversity is important to ensure supply of essential nutrients in right

proportion through consumption of various groups of food like cereals, legumes, animal products,



fruits and vegetables as well (De Onis et al., 2013). Diversification will promote healthy growth
and development of the child in standard parameters. Through optimal dietary diversity with the
inclusion of animal source foods in a good frequency, a significant effect on length gain to an effect
size of d=0.21 would be observed (Imdad et al., 2011a).

However, low economic status, food insecurity, poor nutrition education and negligence in most
of the mothers in developing countries may lead to low dietary diversity and cause a rapid increase
in stunting of about 50% in children aged 6-24months (Victora et al., 1992). Furthermore, in sub-
Saharan countries, cereals are commonly used as the main dishes in complementary feeding to
young children, and it is prepared in the form of porridge. This explores the children not only into
the low quality diet in terms of energy, protein and other essential nutrients but eventually could

also cause chronic malnutrition due to AF exposure (Kulwa et al., 2015).

Maize as the main staple in Tanzania communities including Singida, also considered as the main
component of complementary food on its own or in mixture with other cereals and legumes (Kulwa
et al., 2015). Furthermore, sun-dried leafy vegetables were included in children and family meals
throughout the year in the study area and central Tanzania at large (Mulokozi & Svanberg, 2003),
thus improvements is needed to ensure more diversification and reduces the risks of AF exposure
to the children.

2.1.2 Complementary foods

Complementary foods are additional foods given to the child primarily after six months of
exclusive breastfeeding to 23 months of age for nutritional requirements support to breastmilk
which is no longer sufficient to provide all nutrients needed for the growth and development of the
child (Imdad et al., 2011b). These foods work effectively for positive nutritional status only if are

introduced on time, in safety manners, adequate amount and appropriately proportional.

However, daily average energy requirements for healthy children are 615 kcal at 6-8 months,
686 kcal at 9—11 months and 894 kcal at 12—-23 months of age (Dewey & Brown, 2003), in which
complementary foods contribute about 200, 300 and 500 kcal per day in the respective age
categories respectively. Attaining these energy levels, feeding frequency and energy density of
complementary foods should be adequate in addition to average breastmilk from the mother. The
feeding frequency of two to three meals at 6-8 months and three to four meals at 9-24 months are
recommended. But, most of the infants who introduced to complementary feeds are terminated



from breast milk before the age of 24 months, thereby are at risk of malnutrition and growth rates
(Dewey & Adu-Afarwuah, 2008; Kent et al., 2006).

In developing countries, the average expected energy intake from complementary foods is
approximately 200 kcal at 6-8 months, 300 kcal at 9 —11 months and 550 kcal to 12—23 months
(WHO, 2003), wherein most cases, infants fail to meet the recommended energy and nutrient intake
during this stage. This is common in developing countries where inadequate dietary intake is
observed in Tanzania as they prepare more watery porridge and make it less in energy content than

the recommended level in their Food Composition Table (91.0 - 130.3 kcal) (Lukmaniji et al.,

2008). It also identified that local foods that are normally consumed are low in iron and vitamin A
as shown in Tanzania Demographic Health Survey (ICF Macro, 2011). The main cause of these
inadequate supply of complementary feeds could be food insecurity in terms of physical, economic

and instability inaccessibility of the foods (Kulwa et al., 2015).

In most cases, complementary foods are the mixture of cereal and legume-based foods and the
same foods consumed by other family members which are suspected to have high levels of AF
contaminants (Gong et al., 2016). On the other way round, the contaminated foods are saved with
foods like milk which are also contaminated with a metabolized form of AFB1 which is AFM1
(Okoth & Ohingo, 2004). Nonetheless, dietary diversification seems to be a problem in rural
populations especially children who are at weaning age (Okoth & Ohingo, 2004) which could be a
neutralizing factor of high levels of AF and its toxicity to the child (Wu et al., 2014). Thus this
could introduce the children into high risk of infections which are not only caused by low immunity
as suppressed by toxicity from AF (Gong et al., 2008), but also nutrient deficiencies caused by
low-quality diet. By the way, the results of long term and recurrence infections could drain the
stored nutrients in the body, losing the child’s appetite and hinders nutrients absorption thereby it
could lead the child into low or no weight and height gain and subsequently, poor nutritional status

particularly stunting, underweight and wasting (Dewey & Mayers, 2011).

2.2 Aflatoxin contamination and exposure in children through cereal-based foods that

are commonly used as complementary foods

Aflatoxin contamination in food is caused by fungal invasion commonly Aspergillus flavus and
Aspergillus parasiticus. They occur naturally in food crops including maize, sorghum, rice,
groundnuts and wheat which are also the main ingredients for complementary food in children in

Sub Saharan Africa. Among others, environmental factors particularly climatic conditions



associated with these natural toxins through complementary foods have a vital effect in exposing
Tanzanian children to mycotoxin particularly aflatoxin (Kimanya et al., 2010). This could be
caused by variation in soil fertility in different regions because fungal invasion is common to low
fertile and drought land, improper management on farming practices, pre-harvest, harvesting and
post-harvest period (Hell et al., 2008).

According to WHO sufficient complementary feeding can be attained through the initiation of
indigenous foodstuffs and local foods (WHO & UNICEF, 2003). But the nutrient density of local
foods in developing countries is low to meet the recommended nutrients to infants even though it
Is taken in conjunction of breast milk (Briend et al., 2003; Santika et al., 2009). However, the same
foods consumed locally as complementary and family foods especially maize and sorghum could
expose the children into aflatoxin (Dicko et al., 2006; Okoth & Ohingo, 2004). This is because
their mothers lack awareness on pre and post-harvesting management practices that would reduce
the levels of AF into acceptable limits (Alberts et al., 2017). Long term exposure and low nutrient

density food can lead the child into poor nutritional status particularly stunting.
2.2.1 Other Routes of aflatoxin exposure in children

Aflatoxin exposure in children may also occur through other routes like utero exposure and
breastmilk. In utero and breastmilk exposure, different studies detect some levels of AF in cord’s
blood from pregnant mothers likewise in breast milk soon after delivery (Mahdavi et al., 2010;
Turner et al., 2007). After birth, the children were short to their age, which was suspected to be
stunted due to AF exposure through their mother’s cord (Mahdavi et al., 2010). The mechanism
created by utero exposure to growth impairment was suspected by observations in a given study;
thereby white blood cell-DNA of children aged 2 — 8 months shows some changes in different
genes including growth and immune functional genes that could have a link to poor growth
(Hernandez-Vargas et al., 2015).

Through breastmilk, children are at high risk of exposure provided that their mothers could be
exposed through contaminated cereals and legumes (Wild & Gong, 2009) as in many developing
countries these are the main staple foods and are highly suspected to AF contamination. However,
the two routes; utero and breastmilk exposure could be subjected to chronic effects with
complementary foods introduced to the child after 6 months of exclusive breastfeeding. Thus,
complementary feeding could remain the major source of children's exposure to AF especially in

rural and/or in semi-arid regions due to the favorite climatic conditions for fungal growth and it
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also subject the population into food insecurity and low dietary diversity at large (Marroquin-
Cardona et al., 2014).
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CHAPTER THREE
METHODOLOGY
3.1 Study site, design and recruitment of participants

This cross-sectional study was carried out between May and June, 2018 in Singida District Council
within the scope of the SNAP project (Fig. 1) in Singida, Central Tanzania. Ten villages, five from
each of the highest and lowest dietary diversity reported by the SNAP project (Fig. 1 & 2) were
selected for this follow-up study. From each of the 10 villages namely; Mrama, Kihunadi, Mkimbii,
Ikhanoda, Ngamu, Mninguna, Mudida, Mitula Kinyagigi and Mwanyonye. Twenty-nine
households with children aged between 6-24 months were randomly selected through an entire

villages reconnaissance with the help of community guides and village leaders.
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Figure 1: Map of Singida District Council showing 20 villages covered by the SNAP project
and a subset of 10 villages covered in the current study
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Figure 2: Dietary diversity in 20 villages of SNAP project (SNAP annual progress report,
(2018)

Children aged 6 - 24 months and living in one of the selected villages at least from the time of their
mother’s conception to the date of the survey. Another inclusion criterion was willingness of the
mother/caregiver to participate in the study. Disable children and those who have been sick in the
past two weeks or suffering from chronic diseases such as Human Immunodeficiency Virus (HIV),
tuberculosis (TB), Cardiovascular Diseases (CVD) and the like were excluded from the study.

Twin children were excluded from the study as well.
3.2 Data and sample collection
3.2.1 Assessment of feeding practices

In total, 290 households selected for the study were interviewed. Prior to the interview, respondents
were informed of the study and their willingness to participate in the study was sought on a written
consent form. Structured questionnaires (Appendix 1) were used to gather information on
demography, infant and young children feeding practices from the mothers/primary caregivers.
Food frequency questionnaires were also used to assess frequency of consumption of most
susceptible foods. Mothers/caregivers were asked to recall and report all foods that were repeatedly

given to the child as complementary food in a week before the survey (Fig 3).
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According to Arimond and Ruel (2004); Brown et al. (2002) and WHO (2008) food groups
consumed in a week before the interview were grouped into 7; cereal/tubers/roots, flesh foods,
eggs, dairy, legumes, vitamin A fruits and vegetables and other fruits and vegetables to ascertain
food dietary diversity where the mother was requested to recall intake of these food groups by the
child in seven (7) days. In addition to feeding practices, food handling was assessed in the same
questionnaire. The mother/caregiver were asked to recall on the storage time and facilities used in
keeping cereals after harvest before final consumption. Furthermore, methods used to prepare

maize before milling were also recalled.

Figure 3: Household interview with a mother

3.2.2 Anthropometric measurements

Bodyweight and height of the recruited children were measured using calibrated instruments to
assess growth indices on height-for-age, weight-for-age and weight-for-length for evaluation of
stunting, underweight and wasting respectively. According to WHO, weight (Fig. 4) was taken in
light clothing by using weighing scale (874, SECA, Hamburg, Germany) to the nearest accuracy,
of 0.1 kg, and height (Fig. 5) was measured by lying a child on a length board (210, Seca,
Hamburg, Germany) to the accuracy of 0.1 cm with a flexible end to allow adjustment for each
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child.

Figure 5: Measurement of child’s length on a length board
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3.2.3 Sample collection

Samples of crop produces commonly used in complementary feeding and which are susceptible to
aflatoxins contamination were sought from all 290 interviewed households, however only180
households were found to have at least one of the whole or form of foods used in preparation of
complementary food. Therefore, based on availability, up to 3 samples of the susceptible whole or
form of food produces were collected from 180 households making a total of 218 food samples.
Samples varied from maize and maize flour, sorghum and sorghum flour, millet flour, composite
flour, “magai” flour (milled germinated sorghum), to “magai drink” (fermented drink prepared
from magai flour). A minimum of 200 g or 100 mL of solids and liquid samples respectively, were
collected. Dried samples were packed in khaki bags and kept in a dry place, liquid samples were
collected into sterile plastic containers and kept at 4 °C then frozen at -20°C within six hours of

collection until analysis.
3.3 Aflatoxin analysis

Prior analysis of samples, calibration of the machine was done by running aflatoxins standards
(Aflatoxin analytical mix of B1 B2, G1 and G2 standards) at a concentration of 20, 15 10 and 5
pg/kg. Calibration curve of R=0.99 was obtained from the levels of standard concentration (20,
15 10 and 5 pg/kg) with retention time of 3.72 min, 4.77 min, 6.02 min and 8.41 min for aflatoxins
G2, G1, B2 and B1 respectively. Then the method was validated for accuracy and precision. Blank
samples of maize, millet, sorghum and composite flour were spiked with AF standards at three
levels concentration of 0.5, 1.0 and 2.0 pug/kg. Thereafter, recovery percentage was calculated by
using the following formula, % Recovery = (Detected concentration x 100)/ Spiked/Expected

concentration.

The mean recoveries for total aflatoxin in the spiked samples (maize, millet, sorghum and
composite) were 114.5 %, 111.25%, 114.36% and 104.41% respectively. The detection and
quantification limit were determined using visual method as described by Sengul. (2015). The
lowest detectable concentration and Limit of quantification were determined by spiking samples
by reducing the concentration of aflatoxins standards (B1, B2, G1 and G2) gradually. Limits of
detection (LODSs) were obtained as 0.25 pg/kg, 0.27 pg/kg, 0.38 pg/kg and 0.27 pg/kg and limits
of quantification (LOQ) were 0.27 pg/kg, 0.32 pg/kg, 0.42 pg/kg and 0.36 pg/kg for AFB1, AFB2,
AFG1 and AFG2, respectively.
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After calibration and validation, liquid samples were thawed at room temperature (Nemati et al.,
2010; Song et al., 2013). Both liquid and solid samples were thoroughly mixed separately before
measuring a portion for analysis. Aflatoxins contamination of the collected samples was
determined by the method described by Stroka et al. (2000) with a slight modification made by
Kimanya et al. (2008).

3.3.1 Extraction and cleanup

A portion of 25 g or mL of each food sample in 100 mL of 60% methanol (Maker, country) as an
extraction solution was blended at high speed for 3 min. The extract obtained was immediately
filtered through Whatman filter paper No. 1 (Sigma-Aldrich, Country). Dilution of 4 mL of an
extract with 8 mL of phosphate-buffered saline (PBS) (Maker, Country) at pH 6.8. Then, the
mixture was passed through the immunoaffinity column (IAC) (Romer Lab, Coring System
Diagnostix GmbH, Gernsheim, Germany) placed on a vacuum manifold (24-Port SPE Vacuum
Manifold System, ALLTECH Associates, and Lokeren, Belgium) at the flow rate of 3 mL/min.
The column was then rinsed with 10 mL of HPLC grade water (Maker, Country) with air forced

through the column to ensure runoff.
3.3.2 Elution

Elution of bounded aflatoxins were done by using 1 mL of acetonitrile (Maker, Country) into a
glass amber vial. Four hundred microliter of the eluent was mixed with 600 puL of derivatizing
reagent (70: 20: 10 v/v/v of water: trifluoroacetic acid: acetic acid) and then heated in a water bath

at 65 "C for 15 min. The mixture was allowed to cool and then injected into the HPLC system.
3.3.3 Quantification of aflatoxins in High-Performance Liquid Chromatography (HPLC)

A High-Performance Liquid Chromatography (Shimadzu, Tokyo, Japan) with pump LC 20AD and
fluorescence detector model RF-10AXL (Maker, Country) was set at a wavelength of 365 nm
(excitation) and 450 nm (emission). The HPLC column Cys (Spherisorb 80-3 ODS-1, 5 um, 4.6 x
150 mm) (Maker, Country) was used at 40 °C with a mobile phase composed of water: methanol:
acetonitrile at a ratio of 60: 30: 10 v/v/v and a flow rate of 1.5 mL/min. The running time was set

at 11 min.
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3.4 Data analysis
3.4.1 Assessment of nutritional status

This was done by using ENA for the smart software of WHO for the analysis of anthropometric
measurements to compute the z-scores and determination of prevalence of stunting, underweight
and wasting (Alabi et al., 2016) (https://smartmethodology.org). Furthermore, the anthropometric
data in forms of z-scores were exported into SPSS version 20 where, classification of the nutritional
indices into stunted, underweight, wasted and normal was analyzed. Therefore, children with z-
score >-2 were grouped as normal and those with <-2 were grouped as stunted, underweight and
wasted based on HAZ, WAZ and WHZ respectively (Khlangwiset et al., 2011). When a z-score

falls below -3 it defines severe levels of each of the indices.

The Chi-square test and frequencies in descriptive statistics were then used for assessing the
significance of stunting to different variables. Factors tested for association with nutritional status
particularly stunting were demographic characteristics, feeding practices, food handling practices
as well as AF exposure. Ninety-five percent confidence interval (Cl) was used to assess the

strength of association with statistical significance of p<0.05.
3.4.2 Dietary diversity score

Dietary diversity scores were computed in Statistical Package for Social Science (SPSS) by
counting the frequency of food groups fed to the child in a week as recorded in the food frequency
questionnaire. Food groups consumed by a child for 3 or more days in a week were given “1” and
those which were not consumed by the same child for 3 or more days in a week were given
“0”(Arimond & Ruel, 2004). Finally, food groups that scored 1 were counted to find out dietary
diversity scores for every child. In this case, the highest score the child gained would be 7 with a
score of 1 for every food group consumed for >3 days in a week. Therefore, if the child was fed 4
or more food groups for >3 days in a week, the child would have met the minimum Dietary
Diversity (DD) (Kennedy et al., 2011). Furthermore, dietary diversity scores were grouped into 2
categories of minimum dietary diversity score and below minimum dietary diversity score. A child
who consumed >4 and 1-3, different food groups for 3 or more days in a week were grouped as

minimum dietary diversity score and below minimum dietary diversity scores respectively.

18



3.4.3 Ethics and consents

Ethical clearance from the National Institute for Medical Research (NIMR/HQ/R. 8a/Vol.
1X/2739) (Appendix 2) was obtained. The ethical committee approved a written, mother/caregiver
consent form. In addition, an introduction letter from the study institution was presented to the
Singida District Council for permission to visit villages and households and to the District Medical
Officer (DMO) for permission to conduct anthropometric measurements and dietary interviews.
Mothers or guardians were made aware of the objectives of the study and clarification on all the
procedures for data collections was given. Those who agreed to participate in the study were
requested to sign a written informed consent form. For the participants who did not know how to
read and write, consent was provided orally and translated to their language by the village leader

and then thumbprint signature was used.
3.4.4 Ascertaining the risk of infant’s exposure to aflatoxins

Mothers or guardians were asked to estimate using household utensils the amount of the major raw
ingredient such as flour used to prepare food for index child in a day, and then the ingredient was
measured on a kitchen digital scale and recorded. For each child, exposure to aflatoxin B1 and total
aflatoxins was calculated by multiplying aflatoxin contaminations (pg/kg) by the estimated amount
of flour consumed (kg) per day and then dividing by the child’s body weight (kg) (Magoha et al.,
2016). Non-detected samples were assigned the value of aflatoxin B1 contamination level of LOD
divided by 2 (Reeve and Cressey, 2016). Therefore, dietary exposure to aflatoxins was computed

from:

consumption (g/day) x concentration (ng/kg)
body weight (kg) of the index child

Dietary exposure (ng/ kg bw/ day)=

The child whose exposure was found to be above the margin of exposure (MOE) of 0.017 ng/kg
BW per day was considered at risk of being exposed to unacceptable levels of aflatoxin through
complementary feeding, thus indicates public health concern (EFSA 2007). However, demographic
information, nutritional status of the children and feeding practices information which were also
coded in SPSS, were then associated with levels of dietary exposure to aflatoxin. Therefore, for the
child whose exposure found to be above 0.017 ng/kg BW per day or margin of exposure below 10
000, was considered to be at a risk of being exposed to aflatoxin through complementary feeding

and it indicates public health concern (European Food Safety Authority [EFSA], 2007). Ninety five
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percent confidence interval (Cl) was used to assess the strength of association with statistical

significance of p<0.05.
3.4.5 Dietary exposure to aflatoxin

Concentrations of aflatoxins (in pg/kg) that found in different complementary food, the weight of
the children (in kg) from households in which food samples were collected, as well as the estimated
amount of foods they consumed (in g); were kept in excel for computation of AF dietary exposure.
Furthermore, data that show detectable and undetectable contaminations of aflatoxin in foods were
exported from excel to SPSS version 20 to estimate the number of children who were consuming
contaminated foods above the regulatory limits of the EU (European Union) and Tanzania. In EU
limits, minimum tolerable concentrations considered were 0.1 pg/kg for baby foods in AFB1, 2
pg/kg for processed cereals in AFB1 and 4 pg/kg for all foods in AF total (Makori et al., 2019). In
Tanzania limits, 5 pg/kg and 10 pg/kg were considered in cereal foods for AFB1 and AF total
respectively.
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CHAPTER FOUR
RESULTS AND DISCUSSION
4.1 Results
4.1.1 Demographic information of the participants

Statistics shows that, about 96% of the interviewed mothers were married and live with their
husbands, 96.9% are smallholder farmers who depends on rain-fed agriculture as the main
occupation to sustain livelihood and 90.7% of the households composed of up to 9 household
members. Mother’s level of education was mainly standard seven (91%), secondary education
(5.5%) and a few percentages did not attend any formal school (2.4%). Out of 290 children
recruited in the survey, 52.4% and 47.6% of them were male and female respectively, and
classified into three groups of age (6-8, 9-11 and 12-24 months) where, about 63% of the whole
population fall in the age of 12-24 months (Table 1).
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Table 1: Socio-demographic characteristics of the studied households (n=290)

Variable %

Marital status

Single 9 3.1
Married 279 96.2
Divorced 1 0.3
Widow 1 0.3
Level of education

No formal education 7 2.4
Standard 1-7 264 91
Form 1-6 16 5.5
College 3 1
Occupation

Farming 281 96.9
Farming and livestock keeping 1 0.3
Employed 4 1.4
Self-employed 4 1.4
Family size

One-nine 263 90.7
Ten-twelve 23 7.9
<twelve 4 14

Age of the child

6-8 months 57 19.7
9-11 months 49 16.9
12-24 months 184 63.4
Sex of the child

Male 152 52.4
Female 138 47.6

4.1.2 Feeding practices
(i) Breastfeeding and complementary feeding

Majority of the children were still breastfeeding, (85.9%) and few of them were no longer
breastfeeding (14.1%), where majority of the children were feeding on family foods, which were
stiff porridge (71.1%) with green vegetables particularly jute mallow. More than half of the families
(61.4%) reported to normally prepare special flour for baby’s porridge, however only few of them
had this flour in their households during survey. The special flour was mainly composed of cereals
like whole maize, sorghum, millet and finger millet. Majority of the families could offer a
maximum of 3 meals per day (70%) to their children (Table 2). without any in-between meals like

snacks, as 80% of the respondents were not giving any snacks to the children.
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Table 2: Feeding practices of the participants

Variable N %
Breastfeeding 249 85.9
Yes 41 14.2
No

Complementary feeding

Early introduction 12 4.1
Timely introduction 278 95.9
Special food for children

Yes 12 61.4
No 278 38.6
Dietary diversity score

Minimum DDS 17 5.9
Below minimum DDS 273 94.1
Food frequency

Porridge 174 60.6
Ugali 112 39.0
Milk 1 0.3
Meal frequency

1 2 0.7
2 30 10.3
3 204 70.3
4 35 12.1
5 15 5.2
>5 4 1.4

(i)  Dietary diversity

This study found out the total mean dietary diversity score of 2.34, where villages with the highest
and lowest dietary diversity scores were Ngamu (2.59) and Mitula (2.1) respectively, Fig. 6. The
lowest mean dietary diversity indicates that the majority of the children received 1-2 food groups
a week before the survey was conducted. However, there was no significance difference in dietary
diversity among villages, as all ten villages were feeding their children with only 2 food groups in
a week. Figure 7 shows the proportion of the children who met minimum dietary diversity by
consuming more than 4 food groups a week before the survey was conducted. Thus, only 5.8%
(4.5%, 1.0% and 0.3% were fed 4, 5 and 6 food groups respectively) of the population were feeding
their children with at least 4 food groups in a week. WHO recommends 4 food groups in a week as

the minimum cut off point for the minimum dietary diversity score (WHO, 2008).
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4.1.3 Nutritional status of participants

Descriptive statistics indicated the prevalence of stunting, underweight and wasting as 37.7%,
20.3% and 8.3% respectively (Fig 8). These result shows high negative deviation (Z-scores <-2)
from normal distribution estimated by WHO (Fig. 9), implying poor growth of the index children
in terms of height and weight compared to their age. Male children were more stunted than their

24



counterpart (p=0.000) by 46.7%. Moreover, the age group of 12-24 months were more stunted than
the other groups by 46.4% (p=0.001) at 95% CI.
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Nutritional status

Figure 8: Prevalence of stunting (37.7%), underweight (20.3%) and wasting (8.3%) in
children
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4.1.4 Demographic factors and its contribution to stunting

On the Chi-square test followed by multivariate analysis, of all sociodemographic factors tested,
only sex and age of the children show significant contribution to the poor nutritional status of the
children particularly stunting for age with (p=0.000); stunting and underweight for sex with (p=
0.001 and p=0.007) respectively. Other factors like education level of the mother, occupation and
family size had no statistically significant contribution to either of the two as well as wasting but
they could act as confounders in causing stunting in association to age and sex of the children
(Table 3).
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Table 3: Association between nutritional status and socio-demographic information

p-value
Variable N %
Stunting Underweight Wasting

Age of the children
6-8mo 57 19.7  0.000 0.244 0.958
9-11mo 49 16.9
12-24mo 184 63.4

Sex
Male 152 52.4 0.001 0.007 0.08
Female 138 47.6

Marital status
Single 9 3.1 0.477 0.223 0.805
Married 279 96.2
Divorced 1 0.3
Widow 1 0.3

Occupation
Farming 281 96.6 0.770 0.518 0.849
Livestock and farming 1 0.3
Employed 4 1.4
Self-employed 4 1.4

Family size
One-nine 263 90.7 0.227 0.928 0.162
Ten-twelve 23 7.9
<twelve 4 1.4

Level of education of education
No formal education 7 2.4 0.334 0.826 0.725
Standard 1-7 264 91.0
Form 1-6 16 55
College 3 1.0

4.1.5 Effects of poor feeding practices in stunting

Among other factors tested in feeding practices, breastfeeding status shows statistical significance
in the nutritional status of the children as more than 50% (22 out of 41) of the children who were
no longer breastfeeding were stunted. The Chi-square test shows the significance of (p=0.020) in
95% CI. Time of introduction of complementary feeding, meal frequency, commonly consumed
foods and dietary diversity shows no statistical significance on contribution to their nutritional
status (Fig. 6). However, dietary diversity could have an indirect contribution to the fact that most
of the children (94%) were consuming foods below minimum dietary diversity (BMDD) that is

<4 food groups in a week.
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4.1.6 Food handling systems and stunting

Food system and handling has no significance contribution to stunting as in all variables considered
in this section has p-value>0.05 in 95% through Chi-square test in descriptive statistic. On
preparation of maize/cereals before milling, 95.2% of the mothers/caregivers were just winnowing
the produce without washing, and 95.4% were stored the cereals in sacks in a maximum of 1 year
(Table 4).
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Table 4: Effects of food system and handling to children stunting

Variable N % Stunting p-value
Food sources
Home grown 287 99.0 107 0.888
Market 3 1.0 1

Cereal preparation

Sorting 9 3.1 5 0.337
Winnowing 276 95.2 100

Washing &dried on mats 4 1.4 2

1,2,3&4 1 0.3 1

Storage time

2-5 13 4.5 7 0.245
6-9 80 27.7 35

10-12 180 62.3 60

>12 16 55 6

Storage facility

Floor 1 0.3 0 0.548
Sacks 288 99.4 108
Silos 1 0.3 0

4.1.7 Occurrence of aflatoxin B1 and total aflatoxin in complementary flour

Aflatoxin B1 contamination was detected in 80 (36.7%) of CF and the level ranged from 0.33 to
23.75 pg/kg where total aflatoxins were detected in 185 (84.9%) foods with the range of 0.47 to
289.28 ug/kg (Table 5). However, in table 6 results show that about 2.7% of the samples exceeded
the limit of 5 pg/kg of aflatoxin B1 set by Tanzania Regulatory Authority for food (Tanzania
Bureau of Standards [TBS], 2014) and 6.4 % were above the European Union (EU) limits for
processed cereals which are 2 pug/kg (EC, 2010). Furthermore, 36.7% of the samples exceed the
level of 0.1 pg/kg set by the EU for AFB: in baby foods. Thirteen-point three percent of the samples

were above the limit of 10 pg/kg set by Tanzania for total aflatoxins.

The highest AFB:1 contamination detected in maize-based flour of up to 289.28 pg/kg and the
lowest level of 0.47 pg/kg in another maize-based flour from a different household. The median
value of 1.03 pg/kg as the highest was for AFB1 detected in composite flour compared to the
median of AFB1 from other types of foods (Table 5).
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Table 5: Occurrence of aflatoxin B1 and total aflatoxin in different foods (n=218)

Type of Number Positive Positive
food of (%)inBl (%) in AFB1 (ug/kg Total aflatoxin (ug/kg)
samples total AF
Median Range Median Range
values values
Maize 100 40(40.0) 87(87.0) 1.02 0.33-23.75 217 0.47-289.28
Millet 16 0(0.0) 10(62.5) 0.00 0.00-0.00 1.66 0.82-3.83
Sorghum 20 5(25.0) 17(85.0) 0.39 0.37-7.99 1.71 1.46-39.52
Composite 62 20(32.25) 51(82.23) 1.03 0.37-4.48 2.73 0.48-50.84
“Magai” 9 6(66.7) 9(100) 1.01 0.65-6.16 18.59 1.67-36.54
flour
“Magai” 11 9(81.8) 11(100) 0.65 0.60-0.79 3.38 1.11-4.92
drink

Table 6: Number of food samples contaminated with aflatoxin B1 and total aflatoxins
above regulatory limits (n=218)

Types of food materials

used for

complementary feeding

EU limits

Tanzania limits

Maize

Millet
Sorghum
Composite
“Magai” flour
“Magai” drink

>0.1 pg/kg for AFB1
in baby foods®?

>2 ug/kg for

AFB1P

7
0
2
3
2

0

>4 ug/kg for
total AF®

27
0
3
16
6
4

>5 ug/kg

for AFB1

4
0
0
1
1

0

>10 ug/kg
for total AF
13

0
2
8
6

0

3_evel set for cereal-based baby foods, infants and young children. °Level set for all cereal and products derived

from cereal
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4.1.9 Dietary exposure to children through different complementary foods

Child consumptions of key food products from 180 households ranged from 50 to 456 g per day,
with a mean of 117.11+79.8 g. Children's body weight ranged from 6.2 kg to 14.6 kg with a mean
of 8.79+1.42 kg. The margin of exposure (MOE) to aflatoxins B1 was below 10 000 (1.0 to 963.0)
or above 0.017 ng kgt BW per day. The median dietary exposure to AFB1 and total aflatoxins
were found to be 3.0 ng/kg body weight per day and 34.0 ng/kg body weight per day with the range
of 1.0 to 963.0 ng/kg body weight per day and 1.0 to 11,732 ng/kg body weight, respectively.

The mean dietary exposure of AFB1 for children who were using “magai” flour for preparing
“magai” drink was higher (157.94 ng/kg body weight per day) compared to their counterparts. The
mean dietary exposure due to consumption of susceptible food produce were; magai drink (133.36
ng/kg body weight per day), composite flour (106.0 ng/kg body weight per day), maize flour
(111.70 ng/kg body weight per day), sorghum flour (94.68 ng/kg body weight per day) and millet
flour (92 ng/kg body weight per day). However, there was an insignificant difference (p=0.085) in
dietary exposure to AFB1 between children who were using magai flour compared to those who
were using other types of food materials.

4.1.10 Association between dietary exposure for aflatoxin B1 and nutritional status

The nutritional status was associated with AFB1 exposure and potential confounding factors of
growth indicators were adjusted with consideration of 95% CI and p<0.05. The results show that
there was no significant association between consumption of the studied cereals based food in
complementary feeding and stunted growth, in both crude ratio and adjusted odds ratio with
(p=0.972 and p=0.445) respectively (Table 7). On the other hand, the underweight indicator
showed significant association with an increase of 3.4 folds in odds due to dietary exposure to
AFB1 as compared to those with normal weight (p=0.043 (AOR=3.4; 95% CI:1.04-11.12).
However, wasting was protective being caused by dietary exposure to aflatoxin B1 with lower odds
of 0.18, p=0.001.
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Table 7: Multivariate association between dietary exposures to AFB1 with growth status

Dietary Exposure for AFB1

Growth status  COR (95%Cl) p value AOR (95%Cl) p value
HAZ

Normal 1

Stunted 1.00(0.99-0.45- 972 0.77(0.39-1.49) 445

2.15)

WAZ

Normal 1

Underweight 1.04(0.39-2.77) .942 3.40(1.04-11.12) .043 *
WHZ

Normal 1

Wasting 2.59(0.88-7.59) .084 0.18(0.07-0.48) .001 *

COR: Crude odds ratio; AOR: Adjusted odds ratio; CI = Confidence Intervals; *p<0.05
HAZ: Height for age; WAZ: Weight for age z-scores; WHZ: Weight for height z-score

4.2 Discussions

This section discusses key findings from this study in detail with reference to other studies where

necessary.
4.2.1 General overview

Complementary feeding plays a major role in promoting child growth and development especially
at the younger age of up to 2 years. There is a direct link between young child feeding practices
and poor nutrition status, however, food insecurity (Kulwa et al., 2015) and ignorance have a great
contribution to the problem. This study found a significant contribution of age, sex and
breastfeeding practices in child stunting in Singida District Council. Furthermore, dietary diversity,
food system and handling have no statistical significance to the nutritional status of children
though, could show indirect effects as the majority of the children were receiving food varieties
below minimum DDS of four food groups per week. Additionally, children introduced to
complementary foods were at high risk of being exposed to aflatoxins with statistical significance

in contribution to their underweight (p=0.034) and wasting (p=0.001) in multivariate analysis.
4.2.3 Nutritional status of the children

Children with Z-score >-2 were grouped as normal and those with <-2 were grouped as stunted,
underweight and wasted based on HAZ, WAZ and WHZ respectively (De Onis et al., 2012). When
a Z-score falls below -3 it defines severe levels of each of the indices. Stunting indicates low HAZ

as a result of long term consequences like food insecurity, infections, illiteracy of the mother, poor
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nutritional status of the mother before and during the prenatal period and the like. This is usually
used as a sign of chronic malnutrition. Underweight indicates low WAZ and is caused by starvation
and it stands as acute and chronic malnutrition. Wasting indicates low WHZ where it shows
thinness and usually caused by short term consequences like the occurrence of diseases which may
result in less bioavailability and /or intake of foods (Chen, 2016).

However, poor nutritional status of the participants particularly stunting, could be due to low
dietary diversity resulted from inadequate harvest of non-cereal-based crops, lack of prioritization
by selling out non-cereals crops for income, as well as negligence and slow adoption of nutrition-
sensitive agriculture and infant and young child feeding (I'YCF) education (Chen, 2016).
Furthermore, low income may be supported by the fact that majority of the population are farmers
(Kulwa et al., 2015) where the small amount of legumes grown and small animals kept are normally
sold for other basic needs. Thus, low dietary diversity plays a major role in the observed nutritional
status as very few households (5.8%) could meet the minimum dietary diversity for infants.

4.2.4 Age of the participants

The recruited population was categorized into three groups according to WHO as 6-8, 9-11 and
12-24 months respectively. This as one of the sociodemographic characteristics indicated the
significant contribution to stunting with a p-value of 0.000 which is <0.05 CI used. However, a
large number (85 out 108) of children from the third group (12-24 months) were stunted. Poor
nutritional status of the children particularly stunting, as found out in this study could be attributed
to the fact that the majority (62.8%) of the studied children belong to the age group of between 12
to 24 months. This group is at risk of being stunted compared to their counterparts due to the fact
that, most of them were no longer or less breastfed. Furthermore, the same group have been on
the complementary food at least past six months, and majority relay on family food (WHO, 2003a)
which might be nutritionally inadequate to meet child’s nutritional requirement (Mittal et al.,
2007). On the other hand, exposure to complementary and family foods might have exposed
children to environmental contaminants such as aflatoxins, which contribute to stunting (Asfaw
et al., 2015). This study also revealed an increase in dietary exposure to AFB1 with an increase in
the age of children. This decrease in linear growth seems to be a critical problem from the time of
introduction of complementary food, particularly from the first year of life onward (Onyango et
al., 2014). Furthermore, Gong et al. (2003) found out that majority of children at 12-24 months
were no longer breastfed and their complementary feed was susceptible to aflatoxins

contamination at levels higher than that of the breast milk. Increased exposure to aflatoxins is
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parallel to the high consumption of the susceptible food materials (maize, sorghum and magai) as
it was observed that, the consumption rate of children at the age group of 12 to 24 months was as
high as 456 g per day compared to other groups of 6-8 and 9-11 months which was 350 g and 390

g respectively.
4.2.5 Sex of the children

Sex of the child showed a statistically significant association with stunting where male children
seem to be more stunted than their female counterparts with p=0.001. Similar observation was
reported in Ethiopia where male children were found to be more stunted than their female
counterparts (Asfaw et al., 2015). The fact that boys are introduced to complementary foods earlier
than girls (Chirande et al., 2015), poor ability of boy’s physiology to suppress environmental stress
(Asfaw et al., 2015) and food stress compared to girls. Chronic exposure to natural toxins like
mycotoxins was suggested to be among the environmental disasters causing a high risk of
aflatoxins exposure in male children than females (Asfaw et al., 2015). Early introduction of
complementary foods to male children expose them to aflatoxins which are linked to poor growth
outcome (Magoha et al., 2016). This poor growth could be due to their body’s inability to digest
and absorb useful nutrients and detoxify the levels of toxins found in foods as the digestive system
and the liver respectively, are not fully developed (Magoha et al., 2016). In addition, the early
introduction of complementary foods may lead to the risk of diarrhea (Marcoux, 2002) contributing
to poor nutritional status. A demographic health survey conducted in Tanzania in the year 2015
revealed that male children received supplementary foods earlier than girls even before the age of
6 months with perceptions (Chirande et al., 2015) that, breastmilk is not enough for them.

4.2.6 Breastfeeding

Breastfeeding has shown significant (p=0.02) contribution to stunting as the results indicated that
more than fifty percent (52%) of the children who were no longer breastfed were stunted. This
could be due to inadequate nutrients from complementary feeding (Mittal et al., 2007). Majority
(94.2%) of the studied population were not able to consume >4 food groups in a week and cause
very low dietary diversity hence inadequate intake of essential nutrients. In this case, unavailability
of average amount breastmilk to complement the inadequate diet (Hien & Kam, 2008) could be the
main reason for the low height to their age. However, average breastmilk contributes to the energy
density, protein (Dewey, 2002) as well as bioavailability of other nutrients essential for growth like

minerals and vitamins which strengthen the immunity and could protect the child against frequently
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infections and quick recovery on illness (Dewey, 2002). Other studies in Brazil, Bangladesh and
Tanzania promoted continuing breastfeeding to 2 years of age as it protects the children against the
effects of diarrhea (Briend et al., 1988; Chirande et al., 2015; Victora et al., 1992).

4.2.7 Dietary exposure to aflatoxin B1 and its effect on children nutritional status

The nutritional status was associated with AFB1 exposure and potential confounding factors of
growth indicators were adjusted with consideration of 95% CI and p<0.05. Wasting was protective
being caused by dietary exposure to aflatoxin B1 with lower odds of 0.18, p=0.001. The findings
were in line with the study conducted in Kenya, where wasting of children who were consuming
family flour which was highly contaminated with aflatoxin, was contributed by dietary exposure
to aflatoxin with statistical significance of p=0.002 (Okoth & Ohingo, 2004).

However, dietary exposure to aflatoxin could be also a reason for the poor nutritional status which
was attributed to the sex of the children where male children were stunted and underweight than
the female children (p= 0.001 and p= 0.007) respectively. Asfaw et al. (2015) suggested that,
environmental stress like chronic exposure to toxins like mycotoxin to male children might be the
cause of differences in poor nutritional status to male than female children. Furthermore, male
children receive complementary foods as early before the age of six months as it believed that
breastmilk couldn’t be enough for their body needs (Chirande et al., 2015); thus they are likely to
be exposed to these toxins earlier than female children. Because at younger age below six months
their immunity is not strong enough to fight against infections and diseases (Marcoux, 2002) which
could be attributed by the toxins found in cereal foods, the child is likely to be undernourished than
the female who receive complimentary food at the age of six months (Magoha et al., 2016).

4.2.8 Dietary exposure in aflatoxin B1 in different complementary foods

Magai which is a local soft drink made from milled germinated sorghum and common in the study
area was used by families as a refreshment and in-between meals. Hand in hand, magai was
consumed by children as complimentary food (Ezekiel et al., 2018; Nyamete et al., 2016) where
there is no other cereal flour for baby’s porridge, a traditional complementary food. Of a
disadvantage, magai was highly exposing children to AFB1 above tolerable levels (Table 6). This
study discovered that dietary exposure to AFB1 from magai flour consumed as magai drink was
very high with the mean of 157.94 ng/kg body weight per day as compared to those who were using
other complementary flours. Magai drink was the first before maize flour (in causing high dietary
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exposure to this potent aflatoxin (AF) with the mean of 133.36 ng/kg and 111.7 ng/kg body weight
per day respectively. This high level of aflatoxins contamination of magai and the resultant dietary
exposure could be due to the processes involved during its preparation whereby the dried sorghum
is washed and soaked for 2 days and allowed to germinate in 3 days and later on sun-dried on the
bare ground/soil or on the mat. Sun-drying of cereals on the bare ground has been widely associated
with high levels of mycotoxins contamination (Waliyar et al., 2014) as many fungi are harbored in
the soil. The washing and soaking processes expose the prior dried sorghum into high moisture
content, which favors fungal growth and mycotoxins production if not rapidly dried to the
acceptable moisture content. In addition, weather condition and unawareness of mycotoxins
contamination of cereals in the study area might delay re-drying of such cereals followed by poor
storage of the malt which both favours fungal growth, mycotoxins production and ultimate
unacceptable high dietary exposure of these toxins in children and the general population (Ezekiel
et al., 2018). Even though there was no statistically significant association between this exposure
(p=0.085) and stunting regardless of its high prevalence (37.7%) observed, there could be chronic
exposure originating from the mother (Gong et al., 2016; Groopman et al., 2014; Turner et al.,
2007) which is later accelerated due to frequent consumption of contamination food. Furthermore,
during the preparation of magai drink, there could be a carry-over effect resulting to cross-
contamination of aflatoxins between batches of magai drink as they practiced back-slopping
fermentation. This is supported by the fact that, in some cases, the magai flour was not or less
contaminated compared to the magai drink collected from the same household. For instance, a case
where magai flour was undetected for AFB1 but its product magai drink was found to be
contaminated with AFB1 at 0.68 pg/kg. On the other hand, high levels of aflatoxin contamination
in magai flour seems to be reduced after fermentation to magai drink. This was revealed in the
samples of magai flour and magai drink collected from the same household where total aflatoxins
were reduced from 4.04 pg/kg to 0.46 pg/kg respectively. This is an indication that, when clean
culture is used, levels of aflatoxins in the follow-up batch (if contaminated flour used) could be
reduced. Reducing of aflatoxin levels in fermented products has been reported to be facilitated by
the presence of lactic acid bacteria by fighting the growth of fungus and by detoxifying the toxins
(Nyamete et al., 2016).

4.2.9 Food system and handling

Factors that were assessed include sources of food, methods used to clean cereals prior milling,

time in which cereals are stored and storage facilities that were used in the storage of cereals. These
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factors show no statistical significance to contribution of any of nutritional status of the children
Due to levels of aflatoxin contaminations found in the foods that were commonly used as
complementary foods and family food as well, these factors could have indirect contribution to
stunting through accumulation of small levels of toxins for long time and results into chronic
exposure. Chronic exposure could have great effect to nutritional status of the children as these
foods consumed as a monotonous diet (Wu et al., 2014) due to economic point of view, and
negligence to the little knowledge they have on nutrition throughout the year, since prenatal stage

up to the date of survey.

Poor management of crops in the field especially in low fertile land can stress plants and lead to
the risk of fungal growth and mycotoxins contamination of the grain. On the other hand, high
temperature and humidity are the main factors favoring fungal growth and mycotoxin
contamination of crops during storage (Gong et al., 2016). Being the semi-arid region, Singida is
highly affected by low and erratic rainfall (435 mm per year) (Lal et al., 2015) subjecting the plants
to water stress throughout the production time. This could be the reason for fungal infestation and
high aflatoxins contamination of these susceptible food crops. The majority (99.4%) of the
households in this study store their produce in sacks for about 12 months (62.3%). Longer storage
time of crops, especially in inadequate or poorly managed storage facilities, have been associated

with high mycotoxin contamination (Makori et al., 2019; Torres et al., 2014).

On the other hand, poor handling and favourable environment of this region for the growth of fungi
and production of the natural toxin could contribute to stunting to the children through their
mothers where utero exposure and breastmilk plays a big role. This could be due to chronic
exposure from mother to child as most of the cereal foods were consumed as the family food
throughout their life cycle. However, (Khlangwiset et al., 2011) reported availability of aflatoxin
in blood cord and mother blood, indicating an utero exposure to young children from their mothers.
If pregnant women were consuming cereals as the staple food during pregnancy or even after birth
via breast milk which might be contaminated as well. Furthermore, in other study a significantly
low weight (HAZ) was reported to children whose mothers breast milk was positively
contaminated with AFM1 compared to those with negative contamination (Mahdavi et al., 2010).
Moreover, all these were the results of the low level of awareness on aflatoxin and its immediate

and long term health effects caused by maize and other cereals value chains (Johnson et al., 2018).
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4.2.10 Environmental factor

Though environmwntal factors were not assessed in this study, they are acknowledged as
confounding factors that might have contributed to the higher prevalence of undernutrition
particularly stunting. In an environment where sanitation is poor, stunting may emanate from
environmental enteropathy, or suboptimal nutrient absorption due to repeated infections of the gut,
soil-transmitted helminths and nematodes, or parasitic worms, diarrheal diseases, acute respiratory
infections, and malaria. The high cost of water, including longer time to the water collection point,
transportation costs and the costs of medical treatments incurred for recurring infections and
diseases (Lestikow et al., 2017) are underlying factors. Studies showed a close association between
stunting and poor hygiene and sanitation especially to an environment contaminated with fecal
matters from both humans and animals (Dorsey et al., 2018). Being a semi-arid region with limited
water supply, characterized by a low level of education and semi pastoral community, Singida is
susceptible to poor hygiene and sanitation. Also, in the course of development, infants are actively
exposed to the soil and other creatures from the environment which could be contaminated by
animal and/or human fecal matters, presenting them at high risk to recurrent infections and diarrhea
(Checkley et al., 2008).
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion

This study reported very low dietary diversity among young children with high consumption of
cereals-based flour in its wholesome, which are inadequate in essential nutrients and susceptible to
aflatoxins contamination. Furthermore, longer time storage of crops, especially in inadequate or
poorly managed storage facilities, could be among the reasons of these high levels of mycotoxin
contamination. Magai drink and maize flour contaminated beyond tolerable limits and the leading
complementary food materials responsible for the high aflatoxins exposure in children, posing a
public health concern. Therefore, these findings highlighted a need for integrated nutrition
interventions to the entire population with the inclusion of strategies for improving dietary diversity
and mitigating mycotoxins contamination of staple food crops thereby reducing exposure among
infant and the general population.

5.2 Recommendations

Further studies on “magai” are recommended to find out a safe method of preparing the local
refreshment drink “magai” and a positive way of utilizing it to reduce the risk of exposure to
aflatoxin in both children and the community at large.
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Appendix 1: Questionnaire

APPENDICES

GENERAL INFORMATION

VILLAGE CODE............

Village Name ....cvvvevneninninnnnne.

Household ID...............

Date of ViSit.......ovvvviieii. ..

Head of family Name................

Name of Interviewer.................

A: MOTHERS PARTICULARS

S/ | QUESTIONS ANSWERS Correct
N answer
1 NAME e
2 | What is your age Year of birth
years

3 Marital status 1. Single

2. Married

3. Divorced

4. Widow
4 | Level of education 1. No formal education

2. Standard 1-7

3. Form 1-6

4. Others (specify)
5 | What is your occupation 1. Farming

2. Livestock keeping

3. Farming and livestock keeping

4. Employed

5. Others (specify)
6 How many children do you 1. One

have? > Two
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3. Three
4. Four
5. More than four
7 | What is the size of your 1. Two-three
iy o T R o
3. Six-seven
4. Eight-nine
5. Others (specify)
8 | What type of food do you 1. Ugali
normally eat in a week? > Dehulled maize
3. Rice
4. Others (specif)
B: CHILD PARTICULARS
9 | Childs name
10 | Date of birth (from clinic | | Months
card) months
11 | Sex 1. Female
2. Male
12 | Have you ever got any 1. Yes
information on child’s
feeding practices? 2. No
13 | If yes, who gives the 1
education? Mention
2
P
A i
- T
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14 | Is the child breast feeding? If 1. Yes
yes skip question 14 5 No
15 | Ifno, at what agedidthe | ... mon
child stop breastfeeding ths
............................ months
16 | When did you introduce 1. At 2 months
your C.h”d with 2. At 3 months
complimentary feeds?
3. At 4 months
4. >5 months
17 | Which feeds are you 1. Porridge
normally feed the child 2. Ugall
3. Banana
4. Rice
5. Others (specify)
18 | Is the child having specific 1. Yes
foods as the complementary > No
food?
19 | If yes, what are these? L
2.
K F PR
A
20 | If one of these foods is 1
cereal mixed flour, what is )
its composition? RPN
Mention........cccceevveeiveveeennenn
....... K P
A
T
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21 | If use the family flour as 1. Maize
complementary feed, what 2. Sorghum
type of cereals do normally
used in preparation of flour 3. Millet
4. Wheat
5. Others (specify)
22 | What are the estimations of
flour that are normally used
in preparing the child’s
food/porridge? ........ g | months
21 | What are other food that are 1. Milk
normally feed to child (apart
from what you have 2. Eggs
mentioned in question no. 3. Fruits
20)
4. Vegetables
5. Beans/legumes
6. others (Specify)
24 | How many meals do you 1. 1
give the child per day?
2. 2
3. 3
4. Others (Specify)
25 | Apart from main dishes, is 1. Yes
there any in between me_al- 2. No. (If no skip next
snacks that you use to give tion
the child? ......... question)
26 | If yes, what are those snacks 1. Groundnuts
that are normally given to «
the child? 2. “andazi
3. Biscuits
4. Fruits
5. Others
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27 | Is the child feed in any other 1. Yes
?
house hold? 2 No

28 | If yes, how frequently do the 1. ... per day
child feed there?

2. ...l per week
3 per month
4. Others (Specify)
29 | What type of food is the 1. Ugali
' ?
child normally feed there? 2. Porridge

3. Rice

4. Others(Specify)

30 | Do you give the child any 1. ... days in week
local drink that is made from ) times in a da
cereals? (Specify the type of T y
cereal)............... 3. Others (Specify)

If yes, how often do you
give her/him?

31 | What is the source of maize 1. Home grown
that are pormally_used n 2. From the market
preparation of child/family
food? 3. Others (Specify)

32 | Ifarehomegrown,how | ... months | . months
long was the maize stored
before consumed?

33 | How do you store your 1. Floor

' ?
cereals/grains after harvest~ 2 Sacks
3. Silos
4. Air tight containers
5. Others (specify)
34 | What do you use to control 1. Pesticides

pest infestation of your
storage grains?

2. Air tight containers
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3. Botanicals

4. Nothing
35 | If pesticides in 34 above, 1o
what type of pesticide?
Mention
2.
T
A
36 | How do you prepare cereals 1. Sorting
_(malze/sorghum/mlllet) used 2. Winnowing
in preparation of
family/child food? 3. Washing and dried on
mats

4. Washing and dried on
ground or floor

5 123&4
6. Others (Specify)
37 | Whar form of maize do you 1. Un-dehulled
use for milling of your
child/family food? 2. Dehulled
3. Decorting
4. Others (Specify)
38 | In a week, how many times | FOOD FREQUENCY/week

do you feed the child with
either of the following
foods?

Cereal/tubers/roots (potatoes,
sweet potatoes, cassava, boiled
maize, ugali, porridge
“makande’etc

Flesh foods (meat, fish, sardines
etc.

Eggs

Dairy (milk, yogurt, cheese,
butter etc
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Legumes (beans, pigeon peas,
green peas, etc

Vitamin A fruits and
vegetables (Carrot, mangoe,
pumpkin, tomato etc

Other fruits and vegetables

(amaranthus, pumpkin leaves,
potato leaves, cassava leaves,
jute mallow, spider plants and
cowpea leaves)
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SIIL
PROJECT

ASSESSMENT OF NUTRITIONAL
STATUS AND DIETARY
AFLATOXINS EXPOSURE IN
CHILDREN IN SINGIDA DISTRICT

Rufina Fredrick®, Dr. Neema Kassim and Dr.
Haikael Martin

Department of Food Biotechnology and
Nutritional Sciences; The Nelson Mandela African
Institution of Science and Technology, P. Box 447,
Arusha

*rflasway@gmail.com

ABSTRACT

Anthropometric measurel ts of index child were
taken, followed by collection of 1 to 3 cereals
based food samples used in complementary
feeding in 180 households. A total of 218 flour
samples made from maize, sorghum, millet,
composite and fermented-germinated sorghum
locally known as magai and magai drink; from
magai flour were collected. Food samples were
analyzed for aflatoxins using High-Performance
Liquid Chromatography (HPLC). Anthropometric
measurements showed that 37.7% were stunted;
20.3% underweight and 8.3%  wasted.
Furthermore, aflatoxin B1 was detected in 80
(36.7%) out of 218 complementary food samples.
Mean dietary exposure were; 133.36, 106.0,
111.70, 94.68 and 92 ng/kg body weight per day

for magai drink, composite flour, maize flour,

sorghum flour and millet flour respectively.

Healthy eating in pregnancy

INTRODUCTION

Appropriate feeding
practices in1000

The study was cross sectional

The study conducted in ten villages of
Singida District Council

Structured questionnaire was
administered to assess dietary habits
and consumption frequency of mostly
susceptible foods as well as dietary
diversification

A minimum of 200g or 100ml of solids
and liquid food respectively, commonly
used as complementary food were
collected

Collected food samples were analysed

for aflatoxin contaminationin HPLC.
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ysis of aflatoxin in food samples

RESULTS

[o] of aflatoxin B1 and total aflatoxin in
complementary foods
Typeoffood  Number Positive Positive  AFB1(ug/kg) Total aflatoxin (ug/kg)
of (%)inB1  (%)in
samples. total AF
Median  Range Median  Range
values values.
Maize 100 40(40.0)  87(87.0) 102 0.33-23.75 217 0.47-289.28
Millet 16 0(0.0) 10{62.5) 0.00 0.00-0.00 166 0.82-3.83
Sorghum 20 5(25.0) 17(85.0) 039 0.37-7.99 in 146-39.52
Composite 62 20(32.25) s51(82.3) Lo3 037448 73 0.48-50.84
“Magai” flour 9 6(66.7)  9(200) 101 0.65-6.16 1859 167-3654

“Magadrink 11 9[818) 1101000 065 060079 338 111492

P | of ions for aflatoxin B1 and total
aflatoxins above regulatory limits
Typesof EU limits Tanzania limits
>0.1ug/Kg [>2ugiKgfor | >augiKgfor | >5pg/Kg for |>10ugiKg
forbaby |aflatoxinB1* | total Afiatoxin B, |for total
foods | anatoxin® afatoxin
Maize 40 7 27 B 13
Wilet 0 0 | 0 0 0
‘Sorghum 5 2 3 0 2
Composite 20 3 [ 16 1 8
“Magal“flour 6 2 6 1 6
“Magal” drink [] \ 0 0

DISCUSSION

High prevalence of stunting in the study area could
be due to low dietary diversity, which resulted in
frequent consumption of monotonous diet as 52.8%
of the index children were feeding only 2 food groups
per week. Majority of the children of 6 to 24 months
were less or no longer breastfeeding and were
highly relay on family food (WHO, 2003a). These
family food might be nutritionally inadequate to
meet child’s nutritional requirement (Mittal et al.,
2007). Furthermore, these complementary food was
susceptible to aflatoxins contamination at levels

higher than the tolerable limit.

CONCLUSIONS

Complementary food were based on cereals mainly r
and millet which were also susceptible to AF contaminz
Nutrition status of the children were 37.7%, 20% and
for stunting, underweight and wasting respectively. Afla
B, and total AF contamination were detected in 36.7%
84.8 % of complementary flours and among these, 2.7%
13.3% of the samples contaminated with aflatoxin B1
total AF above the regulatory limit of 5 and 10 pg/kg s
Tanzania respectively. However, there was no signif

contribution to dietary exposure for AFB1 to stunting.
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