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A B S T R A C T

Background: Inadequate infant and young child feeding (IYCF) practices in low income countries contribute to poor child growth and
development.
Objectives: To assess IYCF practices and mycotoxin contamination in complementary food ingredients across 2 seasons in Kongwa District,
Tanzania.
Methods: Early feeding practices in 115 rural households from 25 villages in Kongwa District, Dodoma region, Tanzania, were assessed. The
primary caregiver for the index child (6–18 mo of age) was interviewed using a structured dietary questionnaire at recruitment (October/
November 2017), and revisited 6 mo later. The questionnaire included questions on typical food consumption in the past 24 h. This study
reports 7 of the revised and new IYCF indicators, including minimum dietary diversity (MDD). Aflatoxins (AF) and fumonisins (FUM) were
analyzed in complementary food ingredients for pooled household samples to broadly establish patterns of contamination at the village
level.
Results: The MDD was not met for 80% of infants at recruitment (survey 1) as compared with 56% in survey 2 (P < 0.05). Changes in MDD
between the 2 surveys were dependent on season but not age. Maize was consumed by >90% of households in both surveys, whereas
groundnut was consumed by 44% and 64% of households in surveys 1 and 2, respectively. AF concentrations in maize and groundnuts were
found to be higher in survey 1 than in survey 2. Overall, AF exceeded the legal limit in 18% of maize and 61% of groundnut pooled samples
in both surveys. Maize was also contaminated with significant FUM concentrations.
Conclusions: Poor diets were common among children in Kongwa District. Reliance on maize and groundnuts exposes this vulnerable age
group to AF (also to FUM in maize). Inadequate diet and exposure to AF and FUM have separately been linked to linear growth retardation.
Low diet diversity and mycotoxins contamination are plausible causes for poor growth and development among infants in Central Tanzania.
Curr Dev Nutr 20XX;x:xx.
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Introduction

Adequate infants and young child feeding practices (IYCF) is
fundamental to improved nutrition, health, and development
during early life [1]. In many low and middle income countries,
Abbreviations: AF, aflatoxins; ASFs, animal source foods; CBF, continued breastfe
infants and young child feeding practices; IYC, infants and young children; MDD, min
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IYCF varies and remains a significant risk factor for undernutri-
tion, including wasting, stunting, underweight, and micro-
nutrient deficiencies [2, 3, 4]. Among several IYCF practices,
dietary diversity is associated with improved child growth in
multiple low income countries [5–7].
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Globally, stunting remains a significant public health prob-
lem. Africa and Asia have the largest burden of child stunting at
39% and 55%, respectively [8]. Although steady progress has
been made in reducing the global prevalence of stunting, the
pace has been slow among sub-Saharan African (SSA) countries.
In Tanzania, stunting among children aged <5 y is similar to
other SSA countries and remains high at 32% compared with the
global average of 22% [8]. The prevalence has only declined by
6% in the last 20 y, compared with 12% in SSA and 11% globally.
The prevalence of stunting varies across various regions in
Tanzania. The Dodoma region in Central Tanzania has 37%
prevalence [9], which is higher than the national average.

Assessment of IYCF practices is commonly performed using
IYCF indicators, which have been validated in 10 countries [10].
One IYCF indicator is the minimum dietary diversity (MDD)
previously defined as the consumption of�4 of the 7 food groups
[10]. Based on nationally representative data from Tanzania
Demographic Health Survey, the percentage of meeting the MDD
declined from 46% in 2004 to 30% in 2016 among children aged
6–23 mo [11]. Low diet diversity has also been reported among
6–23-mo-old children across Tanzania and in an urban popula-
tion in Dar es Salaam [6]. Poor dietary diversity was associated
with a 29% higher risk of stunting among 6–24-mo-old children
in urban Moshi, Tanzania [12].

Infants and young children (IYC) in Tanzania are also at a risk
of exposure to mycotoxins during complementary feeding. My-
cotoxins are toxic secondary metabolites that are produced by
various fungal species, and are of concern in several dietary
staples. In tropical regions, maize is frequently contaminated
with AFs and FUMs [13, 14]. Groundnuts are also a common
source of aflatoxins [14]. AFs are potent carcinogens [14], and
early-life ingestion has also been associated with growth
faltering in several studies conducted in sub-Saharan Africa [15,
16, 17]. FUM exposure has also been associated with poor linear
growth among rural children in Tanzania [18, 19]. AFs have
previously been detected in Tanzanian maize and/or groundnuts
[18, 20, 21]. The outbreak of acute aflatoxicosis in 2016 in
Dodoma and Manyara region, Central Tanzania, was attributed
to the consumption of highly contaminated maize [22].Under-
standing mycotoxin exposure in the background of poor IYCF
and how these vary with season and child age is important in
elucidating health risks in early life.

This formative study on IYCF in the Kongwa District of
Dodoma region, Tanzania, was conducted to 1) compare IYCF
practices among the same infants at 2 survey time points to
determine whether the practices vary with the age of the child
and/or season and 2) capture mycotoxin contamination at the
village level in various complementary food ingredients at the 2
time points. The 2 surveys were conducted 6 mo apart to
explore seasonality with regard to the harvest and rainy season.
The study also captures the age of IYC when linear growth
declines steadily, and adequate IYCF is critical [23]. Exploring
the synergistic or independent effects of factors such as season,
child age, and gender on IYCF is important in informing future
interventions. The research was formative in the implementa-
tion of a randomized control trial to assess the effect of aflatoxin
on infant linear growth [24]. This article reports the use of
some of the revised and new IYCF indicators [1] in a Tanzanian
context.
2

Methods

Study site and sampling
This study was conducted in 25 villages in Kongwa, a rural

semiarid district that comprises 90 villages, in Dodoma, Central
Tanzania. The food system is characterized by small holder
farming of food crops such as maize, groundnuts, sunflower,
pearl millet, and sorghum. Purposive sampling of 4–6 house-
holds per village was conducted to provide a balance of breadth
and depth in representing feeding practices across the district.
The eligibility criteria were as follows: 1) being mothers of 6–18-
mo-old children with no feeding or swallowing difficulties, 2) a
survey household was separated by�6 households from the next
one, and 3) �50% of the households in a village were enrolled
from one subvillage (the smallest geographic unit of a village).
Field survey
Two dietary surveys of infant feeding were conducted in each

household. Survey 1 was conducted toward the end of October
and early November 2017 just before the onset of the rainy
season, when there is less variety of food in Kongwa. Survey 2
revisited the families 6 mo later, at the end of April 2018 to early
May 2018, and at the end of the rainy season when there is
typically more food variety. Survey 2 was conducted during the
groundnut harvesting season. Maize is harvested in June and
July. Maize and groundnuts are common complementary food
ingredients in Kongwa.

A total of 115 households in 25 villages were recruited for
survey 1; 11 of these households (9.6%) were lost to follow-up
for survey 2. The primary respondent (mothers) in these 11
households had either traveled or relocated to other villages and
could not be reached within the 2 wk of data collection for this
survey. Each household visit involved administering a ques-
tionnaire on 1) maternal and household characteristics, 2) foods
fed to the index child within the last 24 h, and 3) pre- and
postharvest practices for maize and groundnuts. The survey data
collected was relevant to 3 of the revised and 4 of the new WHO
IYCF indicators defined below [1].
Definition of IYCF indicators
The revised IYCF indicators are as follows: 1) ever breastfed

(EvBF)–children born in the last 24 mo who were breastfed at
one time point; 2) continued breast feeding (CBF)–percentage of
children aged 12–23 who were breastfed the previous day; and
3) the MDD–percentage of children aged 6–23 mo who
consumed foods and beverages from �5 out of 8 defined food
groups the previous day [1]. The 8 food groups include the 7
described previously [10] and the recently added breast milk. All
children in survey 1 were between 6 and 23 mo of age and were
included in MDD score; however, 3 of the 104 children in survey
2 were excluded because they were 24 mo old.

The new IYCF indicators were as follows: 1) egg and/or flesh
food consumption (EFF)–the percentage of children aged 6–23
mo who consumed egg and/or flesh food the previous day, 2)
unhealthy food consumption (UFC)–the percentage of children
aged 6–23 mo who consumed selected sentinel unhealthy foods
(that is, foods high in sugar, salt, and/or unhealthy fats) the
previous day, 3) zero vegetable and fruit consumption (ZVF)–the



TABLE 1
Household characteristics at recruitment (survey 1)

Characteristics Survey 1 (n ¼ 115)

Age of caregiver (y): Mean (SD) 28 (7)
Number of children alive: Mean (SD) 3 (2)
Age of index child (mo): Mean (SD) 12 (3)
Children age category (mo)
6–11 55 (48%)
12–17 50 (43%)
18–23 10 (9%)

Sex of child, n (%)
Male 64 (56%)
Female 51 (44%)

Relationship of child and caregiver
Mother 113 (98%)
Others 2 (2%)

Education
Secondary school and college 13 (11%)
Primary school (standard 7) 67 (58%)
Primary school (standards 1–6) 17 (15%)
Not attended school 18 (16%)

Marital status
Married 92 (80%)
Single 18 (16%)
Separated or divorced 5 (4%)

Employment status
Caregiver (n ¼ 115)
Farmer 96 (83%)
Business 11 (10%)
Others 8 (7%)

Spouse (n ¼ 92)
Farmer 78 (84%)
Business 7 (8%)
Others 7 (8%)

Major tribes
Wagogo 52 (45%)
Wakaguru 39 (34%)
Others 24 (21%)

Eleven of the households (9.6%) were lost to follow-up for survey 2.
The primary respondent (mothers) in these 11 households had either
traveled or relocated to other villages, and could not be reached within
the 2 wk of data collection.
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percentage of children aged 6–23 mo who did not consume any
vegetables or fruits during the previous day, and 4) sweet
beverage consumption (SwB)–the percentage of children aged
6–23 mo who consumed sweet beverages the previous day [1].

Sampling of complementary food ingredients for
mycotoxins

The study attempted to collect food samples that were
representative of complementary feeding ingredients that are
prone to AF and/or FUM contamination. Pantry level food
sampling was preferred for ingredients fed in the previous 3 d.
Approximately 250–500 g of each ingredient was collected.
Flours of the food ingredients were collected to obtain a homo-
geneous mixture and to save milling time. In households with
limited quantities of groundnuts and the maize/groundnut
composite (Lishe) flours, a sample of ~100 g was collected.

In households where flours were not available in pantries,
sampling was conducted for the food ingredients in stock. Five
random subsamples of ~200 g were drawn from different sec-
tions of the stock bag of >25 kg of maize kernels in stock. The
subsamples were combined into 1 kg and mixed thoroughly. Half
of the aggregated sample was taken and carefully sealed in a food
grade, clean zip lock bag. The same procedure and principles
were applied in sampling sunflower oil seeds and cereals such as
pearl millet, sorghum and finger millet. In households where
groundnuts were stored in pods, random subsamples were taken
to fill up a 1-kg zip lock bag. Compensation was given for each
sample of food at between USD 0.50–0.90 depending on the
quantity and type of food. All food samples were transported to a
field laboratory within the same day and stored at �20�C. At the
end of each survey, all food samples were transported to Nelson
Mandela African Institute of Science and Technology (NM-AIST)
for milling and laboratory analysis. All samples were stored at
�20�C and analyzed within 1 mo after sample collection.

Aflatoxins and fumonisins analyses
A minimum of 30 g of individual milled food samples, for

example, maize, from each of the 4–6 households in a village
were pooled and thoroughly mixed to obtain an approximate
village level sample. In pooled village samples, an equal weight
of food from each household was contributed to the pool. For
other food items, AF was analyzed in fewer numbers of pooled
samples, as well as in some, at the individual household level,
where only one sample was collected within that village (Sup-
plemental Table 1). A 5-g subsample of the flour was used for
extraction. Extraction of AF involved thorough mixing of the
subsample with 25 mL of solvent, 75% MeOH for maize flour,
and 80% MeOH for sorghum, pearl millet, finger millet,
groundnuts, and Lishe. FUMs were extracted only from maize
flour and used 25 mL of 90% MeOH for 5 g of flour.

AF and FUM concentrations were quantified using commer-
cially available ELISA kits (Helica Biosystems Inc.) according to
manufacturer’s protocols. AFs in maize were analyzed using total
AF ELISA (catalog number: 941AFL01M-96). AFs in other food
matrices were analyzed using low matrix total aflatoxin ELISA
(catalog number: 981AFL01LM-96); kit choices were directed by
manufacturer’s recommendations for food types. FUMs in maize
were analyzed using FUM ELISA (catalog number: 951FUM01C-
96). Results from each ELISA plate were accepted on the basis of
a coefficient of variation of �10% of duplicates absorbance
3

values and an R-square value of the standard curve of �0.97. An
assay was repeated if the results were >1 SD of the mean for the
AF quality control reference material (that is, 6.1 � 1.1 μg/kg).
The limit of detection was 0.1 μg/kg for low matrix and total
aflatoxin ELISA, and 10 μg/kg for FUM ELISA.
Data analysis
Data were analyzed using STATA 15.1. Descriptive statistics

for household characteristics are presented. The proportion of
children consuming each food group or meeting each of the IYCF
indicators was compared using the chi-square test. Interactions
between age, gender, season, and tribe were examined using a
logistic regression model with IYCF indicator as the dependent
variable. Each IYCF indicator was coded as either 0 (no) or 1
(yes). Some terms were dropped in a 3-factor interaction model
between age, season, and tribe because of few children in the age
category (older children). Finally, a logistic model with 2-factor
interaction was analyzed to test either season and age or age and
gender.

Descriptive statistics were analyzed for the AF and FUM data.
As AF and FUM data in maize for the 2 surveys were not normally
distributed, log transformation was performed before paired t-



TABLE 2
Number (proportion) of children by food group fed in the last 24 h

Food group Survey 1 (n ¼ 115) Survey 2 (n ¼ 101) Chi-Square P value

Breast milk 108 (94%) 78 (77%) 0.000
Grains, roots, tubers, and plantains 115 (100%) 100 (99%) 0.285
Legumes, nuts, and seeds 85 (74%) 83 (82%) 0.145
Dairy products1 16 (14%) 13 (13%) 0.823
Flesh foods (meat, fish, poultry) 27 (23%) 14 (14%) 0.072
Eggs 2 (2%) 1 (1%) 0.639
Vitamin-A–rich fruits and vegetables 64 (56%) 72 (72%) 0.018
Other fruits and vegetables 23 (20%) 56 (56%) 0.000
Sentinel sweet foods 9 (8%) 11 (11%) 0.438
Sentinel fried and salty foods 17 (15%) 25 (25%) 0.065

1 Dairy products include any mammal’s milk, infant formula, yogurt, and cheese.

F.M. Ngure et al. Current Developments in Nutrition 7 (2023) 100030
test mean comparison. Geometric means and 95% CIs are pre-
sented for AF and FUM in maize. Half the value of the limit of
detection (LOD) was used for AF or FUM values less than the
LOD. The distribution of AFs in groundnuts was skewed even
after log transformation. Pearson’s chi-square test for categorical
data (�10 and >10 μg/kg) was used to compare differences in
the distribution of AF in groundnut samples.

Ethical considerations
Ethical approval for the study was granted by the National

Institute for Medical Research, Tanzania (protocol ID: NIMR/
HQ/R.8a/Vol.IX/2526) and the Institutional Review Board,
Cornell University (protocol ID: 1703007043). Mothers provided
written informed consent prior to the start of the study.

Results

Household characteristics
Household characteristics at recruitment are summarized in

Table 1. The respondent to the questionnaire (caregiver) was
predominantly the mother (98%), and the caregivers were on
average 28 y old (range: 15–48 y). Farming was the most com-
mon economic activity for both the caregiver (n ¼ 96, 83%) and,
when married (n ¼ 92), the spouse (n ¼ 76; 85%). Most of the
caregivers had attended school (84%), and among them, 58%
completed primary school (standard 7). The majority of the re-
spondents were from 2 ethnic groups –Wagogo: 45%; Wakaguru:
34%. The mean age of the IYC at recruitment was 12 mo (SD: 3
mo) and the range was 6–18 mo. Fifty six percent of the IYC were
male. The mean age at survey 2 was 17 mo (SD: 3 mo) and the
range was 10–24 mo.

Food consumption patterns
Individual foods consumed by the index child in the previous

24 h were grouped into 10 food groups (Table 2). The first 8 food
groups were used in defining the MDD. Breastfeeding within the
last 24 h was almost universal in survey 1 (94%) and this reduced
to 77% in surveys 21 and 2, respectively). In both surveys, all IYC
had consumed starchy foods such as grains and tubers, with the
exception of one sick child in survey 2. Other common foods
were legumes and nuts (primarily beans and groundnuts) and
vitamin A–rich fruits and vegetables. Consumption of dairy
products was low (14% in survey 1 and 13% in survey 2). The
proportion of children who consumed vitamin A–rich fruits and
vegetables increased significantly from survey 1 to survey 2 (P <
4

0.05; Table 2). The proportion of children who consumed other
fruits and vegetables in survey 2 was more than twice that of
survey 1 (P < 0.05; Table 2). Overall, most IYC consumed 3 or 4
food groups in survey 1 (77%) and 4 or 5 food groups in survey 2
(72%; Figure 1).
IYCF indicators
All IYC were breastfed at some point (Table 3). In the first

survey, 3 children had stopped breastfeeding at 1, 2, and 9 mo of
age. In the second survey, 15 children had stopped breastfeeding
at a mean age of 18 mo and range of 7–24 mo. In survey 1, the
majority (95%) of the older infants (12–23 mo) continued
breastfeeding beyond the first year. This proportion decreased to
86% in survey 2 (P ¼ 0.068).

The proportion of children who met the MDD increased from
20% in survey 1 to 44% in survey 2 (P < 0.001). Egg and flesh
food consumption was low (25%) in survey 1 and decreased
further (14%) in survey 2 (P < 0.05). Twenty percent of the
children consumed unhealthy food in survey 1 compared with
33% in survey 2 (P < 0.05). Slightly over one-third of the chil-
dren (37%) consumed no vegetables and fruits and this propor-
tion decreased to 18% in survey 2 (P < 0.05). The proportion of
children who drank sweet beverages was low (15%) in survey 1
and almost doubled (27%) in survey 2 (P < 0.05).

IYCF indicators by season and age
The odds of the index child meeting the MDD increased by 3.1

(95% CI: 1.7–5.6) from survey 1 to survey 2 (P < 0.001). This
relationship did not change with age (P value for the interaction
term ¼ 0.836). Age and tribe were NS predictors of MDD. The
interaction between season and age was significant for UFC (P <

0.05). The odds of UFC were 0.54 times higher for the oldest
children (18–24 mo) compared with the youngest ones (6–11
mo) in survey 1 (P < 0.05). The odds of UFC were 0.21 times
higher for 6–11 mo old in survey 2 than those of children of the
same age in survey 1 (P < 0.05). The odds of UFC were 0.26
times higher for 12–18-mo olds in survey 2 than for 6–11-mo
olds in survey 1 (P < 0.05). The interaction between season and
age was NS for SwB and EFF (P > 0.05). The interaction terms
were not tested for ZVF owing to few observations.
Consumption of mycotoxin-susceptible foods
Consumption of maize was >90% in both surveys (Table 4).

Other starchy foods were rice, wheat, sorghum, pearl millet,
finger millet, potatoes, and cassava. Groundnut consumption



FIGURE 1. Distribution of children in both surveys by the sum of food groups fed in the last 24 h.

TABLE 3
Number (proportion) of children by IYCF Indicator

WHO IYCF Indicator Survey 1 Survey 2 P value1

Ever breastfed (<24 m)2 115 (100%) 104 (100%)
Continued
breastfeeding (12–23 m)3

57 (95%) 84 (86%) 0.068

Minimum dietary
diversity (MDD) (6–23 m)4

23 (20%) 44 (44%) <0.001

Eggs and/or flesh
foods (EFF) (6–23 m)4

29 (25%) 14 (14%) 0.037

Unhealthy food
consumption (UFC)
(6–23 m)4

23 (20%) 33 (33%) 0.034

Zero vegetable and
fruit (ZVF) (6–23 m)4

43 (37%) 18 (18%) 0.001

Sweet beverage consumption
(SwB) (6–23 m)4

17 (15%) 27 (27%) 0.030

IYCF, infants and young child feeding practices.
1 Chi-square test was used to compare the proportions across the 2

surveys.
2 n ¼ 115 in survey 1 and n ¼ 104 in survey 2.
3 n ¼ 60 in survey 1 and n ¼ 98 in survey 2.
4 n ¼ 101 in survey 2 as 3 children were 24 mo old.
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was common and increased from 44% to 64% of the households
between surveys 1 and 2 (Table 4). Other pulses and nuts fed to
children were beans, cowpeas, peas, and Bambara nuts.

Maize was predominantly consumed as a porridge (thin
gruel) or Ugali (a stiff porridge; Table 5). Consumption of
TABLE 4
Number and proportion of children fed mycotoxin-susceptible food ingred

Food ingredient Survey 1 (n ¼ 115)

Grains, roots, tubers, and plantains 115 (100%)
Food with maize 107 (93%)
Food with no maize 8 (7%)

Legumes, nuts, and seeds 85 (74%)
Food with groundnuts 51 (44%)
Food with no groundnuts 64 (56%)

5

porridge decreased from 96% in survey 1 to 74% in survey 2.
This was accompanied by an increase in consumption of Ugali
from 77% in survey 1 to 85% in survey 2. Consumption of maize
in Lishe flour porridge was reported among 20% and 13% of IYC
in surveys 1 and 2, respectively. Consumption of porridge or
Ugali prepared using pearl millet and sorghum was not common
(�10%) in either survey (Table 5).

Groundnuts were fed to children as an ingredient of the
composite (Lishe) flour and/or an addition to vegetable and
bean relishes to improve taste. The relishes were fed with Ugali.
Overall, groundnuts were consumed by 50% of the IYC in sur-
vey 1, and this increased to 67% by survey 2. All the 36 Lishe
flours consumed in both surveys had groundnuts, except for 2 in
survey 1, which had soybeans. Consumption of groundnuts in
relishes increased from 31% in survey 1 to 55% in survey 2
(Table 5).
Mycotoxin contamination of complementary food
ingredients

Complementary food ingredients, especially maize and
groundnuts, were frequently contaminated with AF (Table 6).
The geometric mean AF in survey 1 (5.0 μg/kg) was more than
twice that of survey 2 (2.1 μg/kg; paired t-test, P < 0.05). Only 8
maize samples (32%) in survey 1 and 1 sample (4%) in survey 2
exceeded the legal limit of AFs in Tanzania, that is, 10 μg/kg
[25]. There were significant differences in AF distribution in
groundnuts between the 2 surveys. Seventy six percent of
ients within the previous 24 h

Survey 2 (n ¼ 101) Chi-Square P value

100 (99%) 0.285
93 (92%) 0.787
8 (8%)
83 (82%) 0.145
65 (64%) 0.003
36 (36%)



TABLE 5
Number and proportion of children who fed on food with maize and
groundnuts in the last 24 h

Food Main ingredients Survey 1 Survey 2

Porridge1 (total n) 110 (96%) 77 (74%)
Total for maize 69 (60%) 56 (54%)
Whole maize (Dona) 26 (23%) 16 (15%)
Sifted maize (Sembe) 24 (21%) 38 (37%)
Maize (undefined) 19 (17%) 2 (2%)
Sorghum 11 (10%) 6 (6%)
Pearl millet 7 (6%) 2 (2%)

Composite f
lour porridge
(Lishe)

Lishe ingredients 23 (20%) 13 (13%)

Maize 23 (20%) 13 (13%)
Rice 17 (15%) 9 (9%)
Finger millet 14 (12%) 8 (8%)
Pearl millet 5 (4%) 2 (2%)
Sorghum 2 (2%) 3 (3%)
Soybeans 2 (2%) 2 (2%)
Wheat 2 (2%) 2 (2%)

Groundnuts
(total n)

57 (50%) 70 (67%)

Groundnuts in Lishe 21 (18%) 13 (13%)
Groundnuts in relishes 36 (31%) 57 (55%)

Ugali2 (total n) 100 (87%) 97 (93%)
Total for maize 89 (77%) 88 (85%)
Whole maize (Dona) 24 (21%) 22 (21%)
Sifted maize (Sembe) 49 (43%) 62 (60%)
Maize (undefined) 16 (14%) 4 (4%)
Sorghum 7 (6%) 7 (7%)
Pearl millet 4 (3%) 2 (2%)
n 115 104

Percentages overlap in several households because children consume
porridge and Ugali, or each of them twice, in the past 24 h.
1 Porridge in this context refers to a soft food (thin gruel) made by

boiling cereal or composite flour in water and fed using a spoon from a
cup or bowl.
2 Ugali is a stiff porridge commonly eaten with accompaniments such

as vegetables, meat, and/or bean relishes or gravy.

TABLE 6
Mycotoxin in main food ingredients (μg/kg)

Mycotoxins Survey 1 Survey 2

AF in maize
Mean (SD) 11 (15) 3 (3)
Median (range) 4 (0.6–56) 2 (0.4–12)
Samples with >10 μg/kg 8 (32%) 1 (4%)
n (villages) 25 24
Geometric mean (95% CI)1 5.0 (2.8–9.1) 2.1 (1.4–3.1)
n (villages) 24 24

AF in groundnuts
Mean (SD) 373 (507) 535 (1003)
Median (range) 172 (3–2120) 5 (0.6–3600)
Samples with >10 μg/kg2 16 (76%) 9 (45%)
Geometric mean (95% CI) 100 (38–260) 19 (4–84)
n (villages) 21 20

AF in composite flour (Lishe)
Mean (SD) 10 (10) 22 (35)
Median (range) 8 (0.6–24) 3 (0.5–76)
Samples with >10 μg/kg 3 (50%) 2 (29%)
n (villages) 6 7

AF in other ingredients3

Range ND–36 ND–20
Samples with >10 μg/kg4 6 (14%) 1 (3%)
n (villages) 43 30

FUM in maize
Mean (SD) 386 (560) 283 (262)
Median (range) 247 (11–2770) 200 (ND–950)
Samples with >155 μg/kg5 17 (68%) 15 (63%)
n (villages) 25 24
Geometric mean (95% CI)6 214 (129–347) 178 (112–282)
n (villages) 24 24

AF, alfatoxins; FUM, fumonisins; ND, not detectable.
1 Mean AF concentrations in maize for the 2 surveys were signifi-

cantly different (paired t-test: P < 0.05).
2 The distribution of AF concentrations in groundnuts (categories

�10 and >10 μg/kg) for the 2 surveys were significantly different
(Pearson chi-square ¼ 4.1881, Pr ¼ 0.041).
3 Others include Bambara nut, sunflower seeds, rice, wheat, pearl

millet, finger millet, and sorghum.
4 In survey 1, the only sample of Bambara nuts had 36 μg/kg of AF,

one (out of 12) sample of sunflower seeds had 14 μg/kg of AF, one (out
of 7) pearl millet sample had 26 μg/kg of AF, and 3 (out of 10) samples
of sorghum had 14, 20, and 35 μg/kg of AF. In survey 2, only 1 out of 6
sorghum samples had 20 μg/kg of AF. The majority of the other sam-
ples had below 5 μg/kg of AF.
5 Concentrations of AF in maize that can result in exposure above

PMTDI of 2-μg/kg body weight based on the recommended daily per
capita intake of maize (771 g) for an adult of 60-kg body weight in
Tanzania [49].
6 Mean FUM concentrations in maize for the 2 surveys were not

significantly different (paired t-test: P > 0.05).
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groundnut samples in survey 1 exceeded 10 μg/kg of AFs
compared with 45% of samples in survey 2 (Pearson’s chi-square
¼ 4.1881, P ¼ 0.041).

Among less commonly used food ingredients, 36/43 (84%)
had detectable AF (range: 0.2–36 μg/kg) in survey 1. Of these, 6/
43 (14%) had AF concentrations>10 μg/kg. In survey 1, the only
sample of Bambara nuts had 36 μg/kg of AFs and 1 out of 12
samples of sunflower seeds had 14 μg/kg of AFs. For pearl millet,
1 out of 7 samples had 26 μg/kg of AFs and 3 out of 10 samples of
sorghum had 14, 20, and 35 μg/kg of AFs. In survey 2, 27/30
(90%) of such ingredients had detectable AF concentrations
(range: 0.2–20). Only one of the 6 sorghum samples had AF
concentrations >10 μg/kg. The majority of the other samples in
both surveys had AF concentrations of <5 μg/kg (Table 4).
Overall, AF contamination in groundnuts was variable over
several logs and significantly higher than that in maize and other
ingredients.

The geometric mean FUM concentrations in maize were not
significantly different across the 2 surveys (P > 0.05). Over 60%
of the maize samples in each survey had FUM concentrations
>155 μg/kg. Only one maize sample had FUM concentrations
above the legal limit in Tanzania (2000 μg/kg) [25] in both
surveys.
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Discussion

IYC in Kongwa consume diets that are generally poor and
characterized by low diversity. Only 20% of them met the MDD
in survey 1. This proportion is slightly lower than that reported
in the recent national data in Tanzania, which showed that 24%
of breastfed children aged 6–23 mo met the MDD [9]. The pro-
portion of breastfed children who met the MDD was also lower
than what was reported in national surveys in Uganda (27%) and
Kenya (38%) [26, 27]. Dietary diversity is a good predictor of
micronutrient density and children’s diet intake [28, 29]. A
diverse diet was associated with a lower risk of child stunting
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among 6–23-mo-old children in sub-Saharan Africa [30] and
improved linear growth across several countries in Africa, Asia,
and the Caribbean [5].

Seasonal variation in MDD was observed. The proportion of
households that met the MDD in survey 2 was at least twice that
of survey 1, an effect that was not statistically associated with
age. The seasonality was driven by the increase in consumption
of vitamin A–rich fruits and vegetables and other vegetables.
Survey 2 (April–May) was at the end of the rainy season in
Kongwa, and green leafy vegetables were more easily available
than in survey 1. Consumption of green maize accounted for the
substantial increase in other vegetables, unlike in survey 1, when
maize was already harvested and stored for 3–4 mo. These
changes in consumption were also reflected in the significant
decline in the proportion of children who consumed no vegeta-
bles and fruits (ZVF) between the 2 seasons. ZVF is a newly
added IYCF indicator that represents an unhealthy practice [1].
Low fruit and vegetable intake in young children was associated
with the low intake of fruits and vegetables in later period of life
in a cohort of US children [31]. Infants who do not frequently
consume fruits and vegetables might fail to develop the taste
preference and familiarity for such foods later in life.

In terms of other nutrient-rich food groups, consumption of
animal source foods (ASFs) in this study, (39% and 28% for the 2
seasons, respectively) was generally lower than that observed in
Eastern and Southern Africa (49%) for the same age group [32].
ASFs, which include dairy, are associated with a reduction in
stunting, with significant lower risk for children who ingest >1
ASF [32]. Low consumption of eggs and/or flesh foods was
observed in Kongwa where poultry husbandry is common. EFF
consumption was only reported in a quarter of the households in
survey 1 and this decreased by nearly half in survey 2. It is likely
that EFF consumption was replaced with more affordable sea-
sonal green leafy vegetables as an accompaniment for Ugali.
Consumption of flesh foods in survey 1 (23%) was comparable
but lower than the prevalence reported in Eastern and Southern
Africa region (25%) and globally (28%) [33]. In both seasons,
egg consumption was very rare and much lower than 11% re-
ported in Eastern and Southern Africa region and 17% globally
[33]. Infrequent consumption of eggs has also been widely re-
ported in similar semiarid rural areas in Central Tanzania [34].
In a nationally representative survey in Tanzania, households
that rely on income from agriculture consumed less ASFs than
those that rely on nonagricultural income, similar to rural
households compared with urban households [35].

The inadequate diets in Kongwa were also characterized by
unhealthy food (UFC) and sweet beverage consumption (SwB)
across the 2 seasons. Such foods are often energy-dense but poor
in micronutrients. Commonly consumed unhealthy foods in
Kongwa include biscuits and deep-fried wheat dough (mandazi).
Common sweetened beverages include black tea with sugar and
commercially packaged juice made of fruit concentrate. Chronic
food insecurity and the convenience of acquiring or preparing
such foods in a context where the primary caregivers spendmuch
time on farming activities are likely to have driven the con-
sumption of such foods, especially among older children in this
study. These foods can frequently displace nutritious foods in
contexts where diets are inadequate and the burden of child
malnutrition is high [36]. Excessive consumption of sweet bev-
erages and unhealthy foods is associated with overnutrition [37,
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38]. Such foods have penetrated the diets of the rural poor in
sub-Saharan Africa [39, 40, 41] where the triple burden of
malnutrition is on the rise [42].

Monotonous cereal-based diets were common and protein-
rich foods were scarce. Almost all children consume either
maize as Ugali or regular porridge. Maize is high in carbohy-
drates but low in protein, fat, and micronutrients [43]. Nearly
50% of the children consume groundnuts in survey 1 and almost
two-thirds of them in survey 2. Although a legume, groundnuts
(or peanuts) are considered as oilseeds because of the high oil
content. They are rich in high quality protein, oil, and fiber [44].
However, maize and groundnuts are sources of mycotoxins in
children’s diets, especially in highly unregulated food systems,
characterized by minimal food processing before consumption,
such as the case of Kongwa District in Tanzania.

The food system in rural Kongwa is characterized by small
scale subsistence farmers who generally lack awareness and ca-
pacity for mycotoxin control [45]. Suboptimal preharvest con-
ditions such as drought stress and rains prior to and during
harvest, exacerbated by poor drying and storage practices
(Supplemental Table 2), contribute to postharvest mycotoxin
accumulation [46, 47]. Homestead farming is common for maize
and groundnuts. However, homegrown reserves are sold out
within the course of the year for some households and pur-
chasing is common. In survey 1, 54% of maize samples collected
from households were from purchased stock and this rose to 61%
in survey 2. Groundnuts purchasing was more common in both
surveys (72%).

In both surveys, 18% (9/45) of maize and 61% (25/41) of
groundnut samples had AF concentrations above the legal limit
for Tanzania. Fourty four percent (18/41) of groundnut samples
had >10 times the AF legal limit in both surveys. Groundnuts
were contaminated with over 100 times higher AF concentra-
tions than maize for the most contaminated samples. However,
consumption of maize was higher than groundnuts. AF concen-
trations in maize and groundnuts in this study are comparable
with concentrations reported in other studies where AF exposure
has been associated with growth faltering in West Africa [15, 16,
48]. AF concentrations in maize and groundnuts were frequently
higher in survey 1 when 48% of the children were between 6 and
11 mo of age. FUM concentrations in maize were comparable
with the concentrations in a study in Northern Tanzania, which
found that exposure levels above the PMTDI of 2 μg/kg body
weight were inversely associated with linear growth (18). Daily
consumption of 771 g of maize with FUM concentrations >55
μg/kg for an adult of 60-kg body weight in Tanzania can result in
exposure levels above PMTDI [49]. Exposure of infants aged <6
mo to AFs and FUMs is likely because of introduction of com-
plementary food in Tanzania has been reported as early 1–3 mo
of age [9]. In the demographic health survey 2015–2016, 15%
and 44% of the 2–3 and 4–5-mo-old infants consumed foods
made with cereals [9].

It is important to rethink nutrition education and IYC diets in
such low income settings and consider caregivers’ time com-
mitments in labor-intensive farming communities. Groundnuts
are an important source of a complete protein [50] in this context
where ASF consumption is low. One hundred grams of raw
groundnuts provides 567 Kcal of energy, 26% protein, 49% total
fat, 8.5% fiber, and several vitamins and minerals [51]. Before
consumption of groundnuts by children, they should be preceded
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by rigorous sorting to remove moldy and spoiled kernels to
reduce AF exposure. Further research on effective strategies to
promote groundnut sorting at the community level and subse-
quent removal of highly contaminated kernels from the food
system is recommended. Consumption of nutrient-dense foods
such as ASFs should be promoted for such low income rural
households that hold onto cattle and poultry as a source of
financial security. Agroprocessing of green leafy vegetables
holds potential in improving the shelf life and ensuring avail-
ability across seasons.

This study has several strengths and limitations. Purposive
sampling of households may limit the generalizability of these
findings. However, the wide geographical coverage of a quarter
of the villages in Kongwa District provides significant insights
into IYCF practices in this region. Panel data on the same chil-
dren (households) provide robust findings on the otherwise
complex and variable IYCF practices, and shed light on the
importance of seasonality in the adequacy and diversity of child
diets. This study also corroborates other studies that have re-
ported AF and FUM contamination of food ingredients used in
complementary feeding. However, pooled food samples limited
the ability to link IYCF indicators to toxin exposure at the indi-
vidual level. Pooling samples may have masked the true varia-
tion in individual food contamination because of reduced
heterogeneity in toxin concentrations. However, these data
indicate a very high frequency of contamination, often at high
concentrations.

In conclusion, diets of IYC in Kongwa District are generally
characterized by low diet diversity, low consumption of ASFs
(dairy, eggs, and flesh foods), and reliance on maize and
groundnuts. Low diet diversity puts these children at a great risk
of malnutrition, especially micronutrient malnutrition and stunt-
ing. Reliance on maize and groundnuts suggests that this popu-
lation is at a high risk of mycotoxin exposure, especially to AFs
(and FUMs from maize). Poorer diet diversity and significantly
higher frequency and concentrations of mycotoxin in dietary
staples were observed in survey 1. It is predicted that both
contribute to stunting and thus seasonal windows of these risk
factors require further awareness to better inform intervention
studies seeking to improve infant growth. There is a great op-
portunity and need for culturally appropriate nutrition education
and postharvest interventions to improve IYCF practices, food
safety, and diets in this context. Primarily, promotion of animal
based foods, such as eggs, poultry, and dairy products will
improve children’s diets and nutrients intake. Understanding IYCF
practices and mycotoxin contamination of common food in-
gredients was critical in informing the design of a dietary inter-
vention for a mycotoxin mitigation research trial in Kongwa [24].
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