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Abstract /
Aflatoxin contamination poses a significant public health concern,
particularly in low-resource settings where dietary habits and food
handling practices increase exposure risks to vulnerable populations.
This study examined grain handling, consumption and the risk
of exposure to aflatoxin among secondary school adolescents in
Mvomero District, Morogoro-Tanzania. The study used a descriptive
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M, (AFM,) was analyzed using Enzyme-Linked Immunosorbent Assay
(ELISA). The study was conducted across secondary schools in
Mvomero district in Morogoro region of Tanzania, between February
and May 2024. The findings revealed high aflatoxin exposure among
secondary school adolescents in Mvomero District, Tanzania, with
a median urinary AFM, level of 0.035 ng/mL (IQR = 0.07 ng/mL),
exceeding the hepatocellular cancer risk threshold of 0.0036 ng/
mL. Higher AFM, concentrations were significantly associated with
the consumption of aflatoxin-susceptible grains (p < .05) and were
notably higher in younger adolescents (0.039 ng/mL) than older ones
(0.024 ng/mL; p = .04). Poor grain handling practices contributed to
this exposure, as 96.9% of schools stored grains in non-protective
polypropylene bags. Additionally, meals lacked diversity with 93.8%
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vulnerable population.

of schools relying mainly on maize and all using beans. Although a
national school feeding guideline exists, none of the schools have
begun its implementation, indicating a lack of enforcement. These
results underscore the dual influence of diet and age on aflatoxin
exposure and call for urgent interventions, including improved grain
storage, enhanced public awareness, dietary diversification, and
enforcement of school feeding policies to mitigate health risks in this

Abbreviations

AF(s) Aflatoxin(s)

AFB, Aflatoxin B,

AFM, Aflatoxin M,

ELISA Enzyme-linked Immunosorbent Assay

FFQ Food Frequency Questionnaire

IARC International Agency for Research on Cancer

KNCHREC Kibong'oto-Nelson Mandela-Cedha Health Research Ethical Committee

LOD Limit of Detection

LOQ Limit of Quantification

NATA National Association of Testing Authorities

NM-AIST The Nelson Mandela African Institution of Science and Technology

NSFNS National Guideline on School Feeding and Nutritional Services for Basic
Education Students

PO-RALG President's Office, Regional Administration and Local Government

SEQuIP Secondary Education Quality Improvement Project

SFP(s) School Feeding Program(s )

WRT Wilcoxon Rank-sum Test

Introduction

Food safety is a global concern, as contaminated
food is estimated to cause various foodborne
diseases to 600 million people globally," resulting
in about 2.2 million deaths in developing countries
annually.2 Among many causes of foodborne
diseases are harmful toxins, including aflatoxins
(AFs). In developing countries such as Tanzania,
frequent exposure to high levels of toxic fungal
metabolites such as AFs is common and poses
significant health risks, especially to developing
adolescents.® Acute exposure to AF can lead
to potentially fatal aflatoxicosis* while chronic
exposure to aflatoxins can lead to liver cancer, birth
defects, immune suppression, impaired growth and
development and protein-energy malnutrition.57
Due to the ubiquitous nature of aflatoxins-producing
fungi, they contaminate a wide array of food crops
and dietary staples, during planting, harvesting and
post-harvest handling at different stages including

drying, storage, transportation and processing.®
Maintaining food safety is relatively ineffective
as food systems (FSs) are poor.° Inspections are
normally done after acute outbreaks® but not as a
proactive measure to prevent contamination and/
or exposure. In developing countries, food systems
are characterized by weak regulatory mechanisms
to monitor both contamination and exposure along
the food chain and the inability to enforce required
AF standards.®

In Tanzania, the implementation of the Fee-Free
Basic Education Policy of 2016 led to the initiation
of the Secondary Education Quality Improvement
Project (SEQuIP) to tackle issues of access, quality,
and equity in secondary education.’® Among its
various initiatives, SEQuIP mandated the provision
of school meals in both day and boarding secondary
schools through school feeding programs (SFPs).
While this policy aimed to support student growth
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and learning, it did not address the critical aspects
of sourcing and quality of food materials, particularly
concerning their safety and nutritional value." School
feeding programs lack surveillance and routine food
safety testing, relying on monotonous feeding of
maize-based foods, which are highly susceptible
to aflatoxins.®5'2 Notably, maize, the primary staple
food in Tanzanian schools, largely obtained by
material contributions and parent-funded purchases,
is often of low quality with unknown safety status,®
potentially increasing the risk of aflatoxin exposure
among adolescents. Secondary school adolescents
experience rapid physiological and physical body
growth and development, which results in increased
food consumption and frequency.™ In addition to high
food intake, SFPs compel them to potentially unsafe
food with less diversity® which could increase the risk
of exposure and put their health in danger. Therefore,
monitoring aflatoxin exposure among adolescents
in both day and boarding schools consuming
maize-based meals is crucial to inform and trigger
appropriate nutritional and safety interventions.

To regulate the SFPs, the National Guideline on
School Feeding and Nutritional Services for Basic
Education Students (NSFNS) was established.™
However present, the NSFNS has adopted a
decentralized approach to school feeding where
meals are primarily determined by individual schools
and influenced by factors such as accessibility,
fees or agreements between the school and parent
forums.' Notably, in public day secondary schools,
meal programs are managed and overseen by
established parent committees.® This implies the
lack of a clear countrywide financing policy on school
feeding, highlighting the difficulty in controlling and
monitoring the quality of school meals. This creates
a huge discrepancy and loopholes for potential poor
feeding in schools where decisions are not informed
by quality and safety.

Aflatoxins are potent carcinogens belonging to
the group of mycotoxins produced as secondary
metabolites by strains of Aspergillus fungi, notably
A. flavus, A. parasiticus and A. nomius."™ Naturally,
they exist in multiple forms, including B, B,,
G,, and G, with aflatoxin B, being abundantly
available, highly potent and classified as a group
1 carcinogen by the International Agency for
Research on Cancer (IARC)." Aflatoxin B,(AFB,)
is oxidized by the cytochrome P450 enzyme in
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the liver into a hydroxylated derivative, aflatoxin
M, (AFM,)."" It is then excreted and can be detected
in human biological fluids such as serum, breast
milk and urine.”® Human exposure to AFB, has been
determined by biomonitoring through the excretion of
its metabolites in urine, milk and blood."® Individual
exposure to AFB, can be accurately assessed using
biomarkers such as AFM, in urine, which reflects its
dietary intake over the preceding 24 hours.

Aflatoxin M, is water soluble and is excreted in
urine at a range of 1.2% - 2.2% of the ingested
AFB,." Using urinary AFM, biomarker has the
advantage over food-based aflatoxin contamination
quantifying methods used to estimate the extent of
human exposure to AFB, as it accounts for uptake,
metabolism, distribution, excretion, heterogeneity,
level of consumption and takes into account all routes
of exposure.? Urinary AFM, is a validated biomarker
of recent human exposure to Aflatoxins.20:2
Despite well-documented risks associated with
aflatoxin exposure, there remains a critical gap in
biomonitoring-based exposure data among school-
aged adolescents in Tanzania, a physiologically
vulnerable group that has been largely overlooked
in surveillance studies. Most existing studies have
focused on food contamination rather than direct
human exposure and few have targeted adolescent
populations consuming school-provided meals.?'?
This study addresses this gap by applying a validated
biomarker, urinary AFM, to assess recent aflatoxin
exposure among adolescents in secondary schools
in Mvomero District. Additionally, the study highlights
overlooked intervention points within school feeding
programs, where food quality and safety remain
unmonitored due to decentralized meal management
systems. By filling these evidence gaps, the study
contributes valuable insights to inform targeted
public health interventions and strengthen food
safety and quality in school settings.

Materials and Methods

Study Area

The study was carried out in the Mvomero District
in Morogoro Region, Tanzania (Fig. 1). The study
location was purposely selected due to previous
reports indicating high incidences of aflatoxin
contamination of agricultural produce in the area.?
Furthermore, the region experiences a humid to
sub-humid climate, a favourable condition for fungal
growth. The area is highly agriculturally productive,
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with 80% of the population earning their living
through it.% In addition, both public and private
implement SFPs, with the region leading in maize
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and beans production, making up the main meal in
school feeding programs.
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Fig. 1: The map of Mvomero district showing locations of surveyed secondary schools

Study Design

The study employed a descriptive cross-sectional
design that was carried out in all secondary schools,
inclusive of both private and public-owned schools
in the Mvomero district. Teachers responsible for
school meals provided information on demographic
details, grain sources, storage and handling
practices through multi-module, semi-structured
questionnaires designed based on a previous
study by Nicholaus et al.* While the food handling
practices questionnaire was specific for teachers,
students were given food frequency and 24-hour
dietary recall questionnaires and were required to

provide information on demographic characteristics
and consumption of AF-susceptible food. The
fieldwork took place from February to March 2024.
Ethical approval for this study was obtained from
the Kibong'oto-Nelson Mandela-Cedha Health
Research Ethical Committee (KNCHREC). Then,
written research permission was obtained from
the President's Office, Regional Administration
and Local Government (PO-RALG) through the
Morogoro Regional Administrative Secretary Office
and communicated to the District Administrative
Secretary Office, District Education Office and the
respective Head of Schools. The purpose of the
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study was thoroughly explained to each participant
and written consent was obtained before urine
sample and food consumption data were collected.

Sampling Design and Procedures

Sampling Design

This study employed both probability and non-
probability sampling designs. The probability
sampling approach was used to obtain samples
from the students’ population, specifically utilizing
proportional random sampling, while the non-
probability purposive sampling approach was used
to obtain teachers responsible for school meals.

Sample Size Determination

The sample size was calculated inclusive of a
10% non-response rate using Fischer’s formula as
described in Naing et al.?5%

_ (P-P))-z?

N =

(1)
Where N = sample size, Z = statistic for a level of
confidence (1.96 for 95% confidence level), P =
assumed prevalence of urinary AFM, biomarker
(50%) and d = precision (0.05). Additionally, a 10%
non-response rate of the sample size was added to
make a total sample of 422 urine samples. A total of
369 respondents agreed to provide urine samples
that were analyzed for the AFM, biomarker. The
study assumed a prevalence of 50% for urinary AFM,
biomarkers. This prevalence is recommended in
studies without a documented prevalence.?” The only
previous study assessing aflatoxin exposure among
Tanzanian adolescents employed a deterministic
method for the estimation of dietary exposure,
potentially differing from the accurate prevalence
of urinary AFM, .32

Sampling Procedure
The study employed a proportional stratified multi-
stage sampling procedure to ensure representation
from each school, class level and gender of students
in Mvomero district. Using the proportional sample
allocation formula as described by Singh and
Masuku.282°

N;

n; = (;) Xn (2)

Where: ni = sample size for school i, Ni = student
population of school i, N = total student population
(18,200) and n = total sample size (422)
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A total of 422 students from 33 secondary schools
were proportionally sampled based on school size,
with 28 participants from the largest school and 4
from the smallest. The sample was further stratified
by class level (Form | to IV or VI) and used for urine
collection to assess AFM, levels and 24-hour dietary
recall. From this group, a proportional subsample
of 138 class-level representatives was selected to
complete a detailed food frequency questionnaire.
Additionally, one teacher responsible for school
meals were purposively sampled from each school
(33 in total) to complete a questionnaire on food
handling, storage and preparation practices, aimed
at evaluating potential aflatoxin contamination risks
in the school setting.

Selection of Respondents

Respondents in this study included both students
and teachers responsible for school meals.
Students were selected randomly using the balloting
technique.® In this technique, students were chosen
using non-repetitive random selection through a
ballot system. The researcher circulated ballot bowls
for boys and girls designated by distinct colors; the
bowls contained ballot papers pre-marked 'yes'
or 'no’, that matched the total number of students
present on the particular survey day, for students
to pick.* Students who picked a “yes” paper and
had consented to participate in the research were
interviewed and asked to provide urine samples at
their own will. Whereas teachers were selected using
a purposive sampling technique. In this technique,
the researcher asked for a list of teachers responsible
for school meals from the school administration. For
schools with more than one teacher responsible for
school meals, the chairperson of the school feeding
program team was selected, while the only teacher
responsible for school meals was selected in schools
with a single teacher. The selected teachers, one
from each school, were interviewed on the handling
practices and consumption of school meals upon
their consent.

Dietary Intake Data Collection Tools

To collect dietary intake data, researchers employed
both the 24-hour dietary recall and the Food
Frequency Questionnaire (FFQ) methods. Dietary
intake data, including the types and quantities of food
consumed by participants, were collected using a 24-
hour dietary recall developed by Ambikapathi et al,*'
and modified to fit the current study. Respondents
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were required to recall all meals and beverages
consumed from 6:00 am on the day prior to the survey
to 6:00 am on the day of data collection. To accurately
capture dietary intake, it was conducted using a
four-stage multi-pass procedure (quick list, probe
for forgotten foods, review and detailed description
and final review and clarification). Portion sizes of
aflatoxin-susceptible cooked foods were estimated
using digital kitchen scales. Common school utensils
such as cups, plates and packages were calibrated
and converted into standardized gram equivalents
using the Tanzania Food Composition Tables and
Food-Based Dietary Guidelines in Excel.32%

While the 24-hour dietary recall is useful in capturing
detailed short-term food intake, it is limited in its ability
to reflect habitual dietary patterns and variations
in consumption. To address this limitation, a sub-
sample of 138 respondents, obtained by drawing
one respondent from each stratum (form | to IV
from 30 ordinary level schools and form | to VI from
3 advanced level schools) was administered a
Food Frequency Questionnaire (FFQ) to capture
information on food consumption in the past 30
days. The FFQ previously validated by Zack et al,**
was customized to align with the requirements of the
current study and employed to capture longer-term
dietary habits and account for potential variation
in food consumption. This approach was selected
for its simplicity and cost-effectiveness, allowing its
application in limited-resource settings.3®

Urine Sample Collection

About 40 ml of midstream urine was collected
from students who gave consent (n = 369) using
urine containers. Urine collection was done by a
trained and registered health professional to ensure
the participant’'s comfort and ethical treatment.
Immediately after collection, urine samples were
kept in a car freezer at —4°C and then transported
to the laboratory of Mvomero District Hospital. The
samples were aliquoted and stored frozen at -20°C,
then transported to the NM-AIST laboratory, where
they were stored at —20°C prior to analysis to prevent
further development of metabolites.

Analysis of Aflatoxin M, in Urine

Validation of Method Performance and Quality
Assurance

The machine was calibrated before analysis of
samples by running AFM, standards at varied
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concentrations of 0.05, 0.15, 0.45, 1.35 and 4.05 ng/
mL to generate a calibration curve with R = 0.998.
The method performance was validated by evaluating
precision and accuracy (as recovery), linearity and
limit of detection (LOD) and limit of quantification
(LOQ) according to the National Association of
Testing Authorities.?® To determine accuracy and
precision, blank samples of urine were spiked with
AFM, standards at concentrations of 1.0, 2.0 and
4.0 ng/mL. The percentage recovery from the spiked
sample was calculated after carrying out procedures
and conditions for extraction and analysis, the same
as that of the samples. The recovery percentage was
calculated using a formula described in the National
Association of Testing Authorities (NATA).3¢

% Recovery= (Detected concentration)/(Spiked
concentration) x 100 ...(3)

The LOD and LOQ were determined using the visual
method as described in NATA.*¢ Spiking samples
with progressively lower concentrations of AFM,
standards enabled the determination of the method’s
detection limit and limit of quantification. Across
the evaluated concentration range, the method
demonstrated linearity and yielded an average
recovery of 92.37%. The limit of quantification (LOQ)
and the limit of detection (LOD) were found to be
0.007ng/mL and 0.004ng/mL, respectively.

Determination of Aflatoxin M, in Urine by ELISA
Aflatoxin M, in the urine samples was assayed
by a quantitative ELISA kit assay (Elabscience
Bionovation Inc., Houston, Texas, USA) according
to the manufacturer’s instructions. Initially, all
reagents and aliquoted urine samples were brought
to room temperature (25°C). The urine samples
were then centrifuged at 4000 rpm for 5 minutes
using a benchtop microcentrifuge (VWR 2400-37,
rotor 2434-37) to sediment any solid particles.
Supernatants were collected and diluted at a ratio
of 1:9 with reconstitution buffer. Following this, 50
ML of horseradish peroxidase (HRP) conjugate was
added to each mixing well, after which 50 L of each
diluted standard and sample was dispensed into the
corresponding mixing wells containing the conjugate.

To the mixture (100 uL) in each mixing well, 50
ML of antibody-working solution was added. The
mixture (150 pL) was thoroughly mixed by gently
swirling (5 seconds), the plate was covered and
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then incubated at ambient temperature for 30
minutes in shading light. After incubation, the
content of each microwell was discarded, and the
microwells were washed three times with PBS-
Tween wash buffer and dried using an automated
microplate washer (Thermo Scientific™). Aliquots
(50 pL) of Tetramethylbenzidine (TMB) enzyme
substrates A and B were sequentially added, with
each addition followed by a 15-minute incubation
at room temperature. Subsequently, 50 L of stop
solution was introduced to the wells. The optical
densities (OD) of the resulting reaction mixtures in
the microtitre plates were then measured at 450 nm
using a BIOTEK ELx808 Microplate Reader. Aflatoxin
concentrations in the samples were determined by
referencing a standard curve generated from AFM,
standard solutions (0—4.05 ng/mL), based on the
inverse relationship between absorbance intensity
and AFM, concentration.

Results

Socio-Demographic characteristics of the
Respondents

A total of 396 adolescents from secondary schools
participated in the study, with a slight male majority
(54%). Participants ranged in age from 13 to 16
years, with a mean age of 16.5 + 1.5 years. When
grouped, most students (75.5%) were between
12 and 17 years old, while 24.5% fell within the
18-23 age range. The majority of students (94%)
attended public schools, and 76% were from day
schools, compared to 24% from boarding schools.
Most respondents (94 %) came from co-educational
schools, with a small portion (6%) from boys-
only schools; no participants were from girls-only
institutions.

Regarding teachers responsible for school meal
supervision, respondents were predominantly
male (72.7%) and primarily from the arts discipline
(69.7%). Concerning school characteristics, most
of the schools (93.9%) were public and day schools
were more common (66.7%) than boarding schools
(33.3%). The majority (90.9%) offered education
from Form | to IV, with only 9.1% extending to Form
VI. Co-educational schools made up 93.9% of the
sample, while only 6.1% were boys-only schools.

School Meal Ingredients and Sources
School meals were dominated by cereal grains,
where the majority of both day and boarding schools

reported higher use of maize (93.8%), beans (100%),
rice (56.3%) and wheat (6.2%). These grains were
sourced through parents’ contributions (75%) and
purchases (53.1%) from markets (52.9%), individual
farmers (52.9%) and registered suppliers (18.8%).
Of the purchased grains, majority (75%) procured
dehulled grains and flour and a small portion (25%)
undehulled grains. While the majority of the schools
sourced their grains within the Mvomero District
(70.5%), few schools purchased grains from other
places (29.4%) mainly Morogoro municipality
(11.7%) and Morogoro district (5.8%) within the
Morogoro region, and Kibaha district (11.7%) from
Pwani region (Table 1).

Table 1: Grains used in school meals
and their sources (N = 32)

Variables n Percent(%)
Grains Used

Maize 30 93.8
Rice 18 56.3
Beans 32 100
Wheat 2 6.2
Sources of Grains

Purchases 11 34.4
Parents’ contributions 15 46.8
Parents’ contributions and 6 18.8
purchases

Source of Purchases

Markets 9(17) 52.9
Registered Suppliers 3(17) 18.8
Individual Farmers 9(17) 52.9
Type of grains/flour purchased

Dehulled grains and flour 9(12) 75.0
Undehulled grains 3(12) 25.0
Location of Grain Purchase

Within Mvomero 12(17) 70.5
Outside Mvomero 5(17) 29.4
Purchase Outside Mvomero

Kibaha-Pwani 2(17) 1.7
Morogoro municipality 2(17) 1.7
Morogoro district 1(17) 5.8

Grain Storage Practices

The majority of the schools store grains in
polypropylene bags (96.9%), cement floor (3.1%)
and plastic drums (3.1%). Prior to sourcing, storage
times were relatively similar between parent-
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contributed and purchased grains. The majority of
parents’ contributed grains had been stored between
0 to 1 month (79.2%) and 2 to 3 months (20.8%),
while purchased grains had a storage time range
between 0 to 1 month (82.3%) and 2 to 3 months
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(17.6%). While the study could not ascertain the use
of pesticides in the initial storage for both purchased
and parents-contributed grains, all schools (100%)
reported to have not used pesticides in grain storage
(Table 2).

Table 2: Grains storage practices (N = 32)

Variables n Percent (%)
School storage of grains

Traditional polypropylene bags 31 96.9
Cement floor 1 3.1
Buckets/Plastic drum 1 3.1
Pesticide Application in school stores

No 32 100.0
Treated with pesticide before school acquisition

Yes 1 3.1

| don't know 31 96.9
Prior Storage Time for Parents' Contributed Grains

0-1 Months 19(24) 79.2
2-3 Months 5(24) 20.8
Prior Storage Time for Purchased Grains

0-1 Months 14(17) 82.3
1-2 Months 0 0
2-3 Months 3(17) 17.6

School Meal Plan and Provision

The majority of the day schools (90.5%) provided
meals once a day and only a small fraction (9.5%)
provided meals twice a day. On the other hand, all
boarding schools (100%) offered three meals a day.
Almost all schools (93.8%) lack formal guidelines for
meals, while only two schools (6.3%) have their own
developed guidelines. Meal planning in more than
half (59.4%) of the schools is done collaboratively

between parents and the school administration,
while a few schools rely solely on the school
administration (21.9%) or the parents (15.6%). None
of the schools had nutrition guidelines, and almost
all schools (93.8%) made their meal choices based
on availability. On the other hand, all schools (100%)
use a standardized serving vessel to ensure equal
ration (Table 3).

Table 3: School meal provision, guidelines and choices (N=32)

Variables n(N) Percent (%)
School meal provision frequency

Day schools providing once a day 19(21) 90.5
Day schools providing twice a day 2(21) 9.5
Boarding schools providing thrice a day 11(11) 100
Presence of school meal guidelines

Yes 2 6.3

No 30 93.8
School meal planning

Parents 5 15.6

Parents and school administration

19 59.4
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School administration 7 21.9
Drivers of school meal choices
Availability 30 93.8
Nutrition/Safety 0 0
The presence of a standardized serving vessel
Yes 32 100
No 0 0
Presence of Nutrition guideline
Yes 0 0
No 32 100
6B
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Fig. 2: Consumption of different meals in a week

School Meals Consumption Pattern

The study revealed the consumption of various food
items in secondary schools, including breakfast,
lunch and supper. For breakfast, maize porridge
was the most consumed food item, accounting for
69% of meals, followed by tea and African buns,
contributing 15%. During lunch, food consumption
was dominated by beans (38%) and stiff porridge
(36%), while maize-bean meal (14%) and other food
items such as rice (3%) and vegetables (1%) were
consumed less frequently. Supper was similarly
characterized by beans (34%) and stiff porridge
(27%) as the primary choices, followed by rice (14%)
and smaller proportions of vegetables (8%), meat
(6%), and fruits (4%) (Fig. 2).

Adolescents’ Meal Consumption Habits
The food frequency and 24-hour dietary recall results
highlighted key dietary habits among secondary

school adolescents. Starchy foods, particularly
dehulled stiff porridge, were the leading staples,
consumed daily by 79% of participants with a
mean intake of 241 g at lunch and 239 g at supper.
Dehulled maize-bean meal was consumed daily by
34%, with the highest mean supper intake (475 +73
g). Rice was consumed 1-2 times a week by 50%,
while undehulled stiff porridge was rarely eaten.

Roots, tubers, and plantains, such as potatoes and
cooked bananas, were rarely consumed, with only
occasional inclusion in meals. Potatoes averaged
256 + 143 g at supper, while cassava and sweet
potatoes were eaten even less frequently. Dairy,
meat, and fish were limited in the diet. Milk was
occasionally consumed, averaging 208 + 72 g at
lunch and 353 + 123 g at supper, while meat, fish,
and sardines were consumed in small amounts.
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Legumes and nuts were dominated by beans,
' consumed daily by 82% of respondents (124 +5 g
at lunch). Groundnuts were consumed occasionally
in small portions. Fruits and vegetables had low
daily consumption frequencies, with tomatoes (54%)
' and onions (88%) being the most regularly eaten
vegetables, often as condiments. Fruits like bananas
and mangoes were consumed 1-2 times a week or
less, contributing to modest portions (118125 g).

2-125
125-250

47 42
234 +£43

Fats and oils were dominated by vegetable oil,
consumed daily by 96%, while peanut butter and
animal fat were rarely eaten. Beverages and snacks
showed moderate to high daily consumption, with
black tea and snacks consumed daily by 29% and
53% of participants, respectively, in small amounts
(61 + 30 g for snacks). Carbonated drinks were rarely
consumed and, when taken, in minimal amounts
(Table 4).

100-300
30-150

Aflatoxin M, in urine and associated risk of exposure
The analysis of Aflatoxin M, in urine samples
revealed that almost all respondents excreted
detectable AFM,. In terms of occurrence, 76.15%
(281 samples) of the urine samples tested positive
for AFM, (range 0.005 — 5.685 ng/mL), while
only 23.85% (88 samples) tested negative. Of
the samples that tested positive, the median

249 + 16
61+ 30

2(1)
118 (86)
64 (46)
15 (11)
44 (32)
23 (17)

) > 5 @ 8 8 concentration of AFM, in urine was 0.035 ng/mL,
o N 5 I N with an interquartile range of 0.07 ng/mL.
~ &S The results on risk categorization based on
 Z % N detectable urinary AFM, established threshold of 3.6
s &e3¥° ng/L% revealed that 100% of the positive samples
. (281) fell within the risk category, whereas none were
oo 259 classified as posing no risk (Table 5).
Further analysis was conducted where multiple
o 5o linear regression and binomial logistic regression
22 € @ LA B were performed at a 95% confidence level and
8 ©o -QE significance at p < .05 to assess the influence of
demographic characteristics on the amount of AFM,
excreted in urine and the risk of exposure to AF,
« respectively. The results of both regression analyses
-1% were non-significant, potentially implying that the
= concentration of excreted AFM, was more influenced
w = by @ by dietary factors.
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Table 5: Aflatoxin M, in urine and associated risk of exposure

Variable Measure

Amount of AFM, in urine (ng/mL) Median IQR
0.035 0.07

Aflatoxin M, occurrence Frequency Percentage (%)

Negative 88 23.85

Positive 281 76.15

Risk category *

No Risk 0 0

Risk 281 100

*The risk categorization is based on a threshold of 0.0036 ng/mL reported by Sun et al*”

Table 6: Association between demographic characteristics of student
respondents and the amount of excreted AFM,

Variables n Median (IQR)(ng/mL) w p-value
Gender 8357.0 0.983
Female 130 0.036 (0.084)

Male 151 0.034 (0.065)

Age group 7303.0 0.040
12-17 210 0.039 (0.090)

18 -23 71 0.024 (0.045)

School system 822.5 0.003
Boys 14 0.011 (0.014)

Co-education 267 0.036 (0.074)

School accommodation 5808.0 0.131
Boarding 72 0.028 (0.064)

Day 209 0.036 (0.082)

School ownership 1894.0 0.219
Public 261 0.033 (0.079)

Private 20 0.047 (0.028)

The Amount of Urinary AFM, by Demographic
characteristics of Student Respondents

A Wilcoxon rank-sum test (WRT) was performed to
assess differences in excretion of aflatoxin M, across
demographic characteristics of student respondents
with detectable AFM,. The results showed no
statistically significant difference between males
and females (W = 8357.0, p = 0.983), indicating
similar aflatoxin levels across genders. However,
a significant difference was observed between
age groups (W = 7303.0, p = 0.040), with younger
adolescents aged 12—-17 having higher median
concentrations (0.039 ng/mL, IQR =0.090) compared
to elder adolescents aged 18-23 (0.024 ng/mL, IQR

= 0.045). Additionally, adolescents from different
school systems showed a significant difference
(W = 822.5, p = 0.003), with co-education schools
showing higher median concentrations (0.036 ng/
mL, IQR = 0.074) compared to boys' schools (0.011
ng/mL, IQR =0.014). While no significant difference
was found in adolescents from schools with different
accommodation types and school ownership with
boarding and day schools (W = 5808.0, p = 0.131)
and public and private schools (W = 1894.0, p =
0.219) (Table 6). The findings on students from
different school systems and school ownership were
further analyzed through the bootstrap analysis to
account for sample imbalances. The results showed
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a significant mean difference between students from
co-education and boys’ schools (mean difference
=0.172, 95% CI [0.120, 0.224], p = 0.012) and no
significant difference between students from public
and private schools (mean difference = 0.022, 95%
Cl [-0.24, 0.20], p = 0.854) in support of the WRT
results.

The Relationship between Consumption of AF-
Susceptible Food and Urinary AFM, Excretion

The results of a Spearman’s rank test on the
association between the consumption of susceptible
foods and excretion of AFM, revealed that among
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cereals, maize-bean meal consumption was
positively correlated with AFM, levels (p = 0.216, p
< .001), indicating higher excretion with increased
intake. In contrast, porridge and rice (p = -0.118, p
= .023) showed a weak but statistically significant
negative correlation with AFM, levels, while stiff
porridge had no significant association (p = 0.5324).
Within legumes and nuts, bean consumption
exhibited a weak negative correlation with excreted
AFM, (p=-0.113, p =.030), whereas nuts and butter
and dairy were not significantly associated (p = .069)
and (p = 0.705) respectively (Table 7).

Table 7: The association between consumption of susceptible food and the excreted AFM,

Susceptible food consumed Mean £SD  Spearman'’s rho (p) p-value
Cereals

Maize-bean meal 265.92 + 241.53 0.216 <.001
Porridge 182.25 + 237.78 -0.118 0.023
Rice 121.85 + 147.02 -0.118 0.023
Stiff porridge 200.43 + 149.25 -0.033 0.532
Legumes and nuts

Beans 87.12+85.3 -0.113 0.03
Nuts/butter 1.27 + 8.61 -0.095 0.069
Dairy

Milk and its products 17.68 £ 79.23 -0.02 0.705

Discussion

School Grain Sources, Handling and Storage
Practices

The findings on food handling practices in secondary
schools reveal dominance of cereals, aligning with
trends in sub-Saharan Africa, where school meals
are dominated by cereal grains, particularly maize
and beans, reflecting regional dietary patterns.
However, cereals and legumes alone often fail to
meet nutritional requirements.*® Similar patterns are
reported in Kenya and Uganda, where affordability,
availability and culturally accepted staples drive the
reliance on these grains.3°4°

Grains were sourced through parental contributions
and purchases, relying heavily on local markets and
farmers, a tendency also observed in Ghana.*' This
practice may be associated with the rapid growth
of local grain millers in Tanzania and a tendency to
reduce the logistical cost of purchasing grains by
schools.*? The minimal use of registered suppliers
raises concerns about food quality assurance, as

informal markets are associated with low quality and
potentially higher risks of aflatoxin contamination.*®
The predominant use of polypropylene bags for grain
storage mirrors findings in Ghana and other studies
in Tanzania.** While accessible and affordable,
these bags are ineffective against pests and
moisture control, increasing fungal contamination
risks, particularly during the rainy season. The lack
of pesticide usage for grain storage and the low
awareness of pesticide application not only reflect
resource and knowledge gaps but also present
an opportunity to replace the use of pesticides
for grain storage. Pesticide use is associated with
leaving residues that can potentially increase
the burden of non-communicable diseases when
handling practices are not fully followed.* Schools
should be encouraged to use safer alternatives to
controlling contamination such as Purdue Improved
Crop Storage (PICS) bags and metal silos through
capacity-building initiatives, as recommended in
studies from Coastal Tanzania.*®
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Food Consumption among Adolescents

The study found that majority of day schools provide
only one meal per day, with fewer offering two
meals, while all boarding schools provided three
meals daily. These findings contrast with findings by
Nicholaus et al,®> who reported that most boarding
schools (62.8%) provided two to three meals daily.
Furthermore, limited meal frequency increases
the risk of energy and nutrient deficiencies among
adolescents, negatively affecting growth, health,
and cognitive development.*® The absence of formal
meal guidelines and nutrition-specific planning
mirrored findings from Tanzania and Uganda, where
school meals were often unstructured and guided
by food availability.>*® Collaborative meal planning
between parents and schools commonly resulted
in insufficient nutritional focus due to financial and
logistical constraints, a challenge also noted in
Rwanda.*”

Adolescents’ diets heavily relied on starchy staples
like stiff porridge and maize-bean meals, reflecting
widespread dependence on affordable and locally
accessible energy sources. Similar tendencies
were reported another study Tanzania, where stiff
porridge and beans dominated meals, leading to
risks of micronutrient deficiencies.*® Roots, tubers,
and plantains were rarely included and the infrequent
consumption of meat, fish, and dairy underscored
inadequacy of protein and micronutrient intake,
consistent with reports from Nigeria.*® Fruits and
vegetables were consumed at worryingly low
frequencies, with tomatoes and onions primarily
used as ingredients and fruits like bananas and
mangoes eaten sporadically. Milk was occasionally
consumed, but in quantities insufficient to meet
nutritional requirements which may be linked to
lifestyle and dietary habits.

Snacks and beverages such as black tea and wheat
snacks were moderately consumed, reflecting efforts
by adolescents to diversify monotonous diets and
limited choices.*® Although snacks provide quick
energy, they often lack essential nutrients, further
contributing to the inadequate dietary quality
observed among adolescents. However, carbonated
drinks were rarely consumed, likely due to limited
resources.
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Influence of Demographic characteristics and
Dietary Habits on Urinary AFM, Excretion

The analysis revealed no statistically significant
differences between gender, school ownership and
school accommodation type with urinary AFM, levels.
This aligns with findings from other studies in Egypt,*°
Malaysia,” and Iran,'® where no gender differences in
aflatoxin biomarker concentrations were observed.
These results suggest that aflatoxin exposure is
primarily community-wide and dietary, and might be
less influenced by specific demographic attributes.
However, statistically significant differences were
observed between school systems and age
groups where excreted AFM, levels concurred with
studies in countries such as China and Ghana*"*°
that have occasionally reported age-related
variations in aflatoxin biomarkers. The difference
in excreted levels of AFM, for school-related
characteristics might be linked to variations in dietary
habits, although it was minimal in the relatively
uniform dietary practices of the studied population.
Conversely, the observed age-related differences,
where young adolescents (12-17 years) excreted
higher AFM, levels than older adolescents (18-23
years), might reflect the differences in body immunity
and detoxification capacity. This was evident in
a study conducted in Switzerland, where young
adolescents were found to have lower immunity as
compared to older adolescents.®"

The positive correlation between maize-bean meal
consumption and urinary AFM, levels (p=0.216,
P<.001) underscores the role of maize as a major
source of aflatoxin exposure. Similar findings have
been reported in Malaysia,®® where grains were
frequently contaminated with aflatoxins. Conversely,
the weak negative correlations observed with
porridge, rice, and beans may potentially suggest
lower AF contamination of these foods. Studies
have reported an insignificant reduction of AF
when maize is dehulled,®® while rice is known to
contain low aflatoxin.5* The absence of significant
associations between milk and dairy products
and urinary AFM, levels aligns with findings from
Iran% and contrasts with the findings in Malaysia,
which found a significant association between milk
and dairy products. These findings concur with a
previous study,® which reported that consumption
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of AF susceptible grains is the primary route of
exposure, suggesting a critical area for effective
interventions to mitigate aflatoxin exposure in this
vulnerable population.

Risk of Exposure to Aflatoxin among Adolescents
The findings revealed a high prevalence of urinary
Aflatoxin M, (AFM,) observed in this study, with
majority of adolescents testing positive, highlighting a
widespread aflatoxin exposure within the population.
This finding mirrors studies conducted in sub-
Saharan Africa and other places globally, where
similarly high prevalence rates have been reported.
Forinstance, about 99% positivity in urinary aflatoxin
biomarkers among children was reported in four
Villages in Tanzania.’” Similarly, high prevalence,
such as 91.2% in Ghanaian children,*® 65% in
Brazilian adults' and 100% in Malaysian adults®®
were documented. Such pervasive exposure is
largely attributed to the contamination of staple foods
due to poor storage practices and favorable climatic
conditions for fungal growth. Risk categorization
based on the threshold of 3.6 ng/L* indicated that
100% of participants were within the risk category,
reflecting significant exposure levels. This is
consistent with studies in Malaysia,%® where most
participants exceeded permissible exposure limits.
The present study found the median AFM,
concentration to be (0.035 ng/mL), similar to the one
reported in Malaysia (0.042 ng/mL)% and China (0.04
ng/mL).*® Nevertheless, it is relatively lower than
concentrations reported in countries like Malaysia
(1.23ng/mL),*? and Nigeria (0.3 ng/mL)?' but higher
than reported in Iran (0.022 ng/mL)55 and Egypt
(0.023 ng/mL).* Although the concentration of AFM,
in this study is moderate, it still reflects a significant
exposure risk that warrants attention. Aflatoxin M,
serves as a specific biomarker for AFB, exposure,
which is classified as a Group 1 carcinogen,'®
meaning no level of exposure is considered safe.
However, these findings are limited to schools within
a single district and one agroecological zone, with
data restricted to a specific season. As aflatoxin
contamination in grains varies by season and
location, these results may not be generalized to
the entire calendar year and other agroecological
zones in the country.

Strengths and Limitations of the Study
The study's key strength of the present study was
the use of urinary AFM, biomarker analysis, an
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objective method for assessing recent aflatoxin
exposure, reducing recall bias and increasing data
reliability. It also employed inclusive tools such as
surveys, dietary recalls and interviews to capture
grain handling practices and dietary habits. The
large sample size of 396 (369 provided urine
samples) secondary school adolescents, including
33 teachers, improved the representativeness of the
findings while focusing on adolescents, a vulnerable
population, adding to its significance. However, the
study had limitations, including its cross-sectional
design, which hindered the establishment of causal
relationships and did not account for seasonal
variation. Urinary biomarkers provide insights into
short-term exposure and do not address long-term
exposure. Additionally, self-reported dietary data
may have introduced recall bias and the absence
of direct aflatoxin testing in food samples limited the
ability to link contamination in food to the biomarkers
of exposure.

Conclusion

This study examined grain handling, dietary
consumption and the risk of aflatoxin exposure
among secondary school adolescents in Mvomero
District, Tanzania, using the urinary Aflatoxin M,
biomarker. Findings revealed high aflatoxin exposure
linked to frequent consumption AF-susceptible
food, poor grain storage practices and unregulated
grain sourcing. Exposure levels were significantly
influenced by adolescents’ age group highlighting
age-related risks. Notably, this study presents a
novel application of the urinary AFM, biomarker
among school-aged adolescents in a Tanzanian
context, a population group and setting that remains
under-researched. Despite the existence of a
national school nutrition guideline, there is a gap
in policy implementation. A strategic opportunity
may exist to improve school meals by relying on
official suppliers and systematically utilizing the
aflatoxin M, bio-marker in exposure assessment.
While the findings provide valuable insights, they
are limited by geographical scope and seasonal
variability, and should therefore be interpreted with
caution. Future research should focus on developing
evidence-based interventions, including improved
grain storage and cost-effective routine monitoring
systems for aflatoxin contamination and exposure.
This study highlights urgent aflatoxin risks in school
meals and calls for targeted, evidence-based
interventions to safeguard adolescents’ health.
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