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Abstract
A�atoxins M1 contamination of milk affect the general population, and with particular attention to children
who frequently consume milk as part of complementary food. This study determined AFM1 contamination
of cow’s milk and estimated the risk of exposure to these toxins through consumption of cow’s milk among
children (6 to 36 month) in Magadu ward of Morogoro region in Tanzania.

A total of 165 mother-baby pairs were recruited and interviewed on child feeding practices with focus to
feeding of cow’s milk in the past 24-hours. Alongside interview, 100 raw cows’ milk samples were collected
from subsampled respondent households and were analyzed for AFM1 using Enzyme Linked
Immunosorbent Assay (ELISA).

The results showed that, about 35% of the surveyed children consumed cows’ milk in form of plain milk,
incorporated in porridge and/or tea. Amount consumed varied from 62.5-500 ml with median of 125 (125,
250) ml at a frequency of 1 to 2 times a day. All raw cows’ milk (100%) samples (n=100) were found
contaminated with AFM1 at concentration ranging from 0.052 to 9.310 µg/L, median 2.076 µg/L (1.27,
2.48). All samples were contaminated by AFM1 at levels above the limits of 0.05 µg/L of raw milk set by
Tanzania Bureau of Standard and the European Union, while 97% exceeded 0.5 µg/L set by the US Food
and Drug Authority. Exposure to AFM1 due to consumption of cow’s milk ranged from 0.0024- 0.077 µg/kg
bw per day with a median of 0.019 (0.0016, 0.026) µg/kg bw per day, while the Margin of Exposure (MOE)
ranged from 5.19- 166.76, median 20.68 (15.33, 25.40) implying high risk of public health concern. This
study recommends that, advocacy for consumption of cows’ milk to combat undernutrition in children
should consider a holistic approach that takes into account the safety aspect of the milk.

Introduction
A�atoxins (AFs) are the most dangerous type of mycotoxins of public health concern, which affect large
number of people worldwide (Bokhari et al. 2017). They are produced as secondary metabolites of fungi
Aspergillus �avus and Aspergillus parasiticus that contaminate a wide range of agricultural products,
including maize, groundnuts, wheat, rice, millet, sorghum, beans including soya beans, peanuts, and spices
(Magembe et al. 2016; Obade et al. 2015); causing an economic burden of about 25% of food crops loss
each year (WHO 2018; Roshdy et al. 2020). The problem is especially pronounced in countries with weather
conditions of temperature and humidity which favor growth of fungi, both in �eld and storage (Roshdy et
al. 2020).

AFs exist in four main forms: a�atoxins B1 (AFB1), a�atoxins B2 (AFB2), a�atoxins G1 (AFG1), and
a�atoxins G2 (AFG2). Of the forms, AFB1 is the most prevalent and poisonous, and is classi�ed as a group
I human carcinogen by the International Agency for Research on Cancer (IARC 1993, 2012). In addition to
causing cancer, AFs are known to cause kidney failures, immunosuppression, stunted growth in children
and low birth weight in infants whose mother were exposed to these toxins (Obade et al. 2015). Turner et al.
(2007) reported that, AFs can cross placental barrier causing in utero exposure. Immunosuppression can
further cause susceptibility to infections and thus affect the overall child health (Gong et al. 2016).
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Consumption of food and feeds contaminated with AFs results to human and animal respectively, exposure
to these toxins (Kumar et al. 2021). When consumed by humans or animals, AFB1 is metabolized in the
liver to form numerous metabolites including the highly toxic a�atoxin M1 (AFM1); which is also classi�ed
as a human carcinogen (IARC 2012). Consumption of AFs’ contaminated crops is the main route of dietary
exposure to these toxins among human populations (Boni et al. 2021; Magembe et al. 2016). Obade et al.
(2015) reported that, about 4.5 million people in developing countries, including Tanzania have been
chronically exposed to AFs through food consumption. Similarly, consumption of cow’s or breast milk from
an animal or human previously exposed to AFB1 can cause exposure to AFM1 (Anthony et al. 2016;
Akeberegn et al. 2018). Studies reported prevalence of AFs contamination in cows feed (65%, n = 20) in
Singida region (Mohamed et al. 2016) and (up to 88%, n = 80) in selected locations of Northern, Central and
Lake zones (Kitigwa et al. 2022) of Tanzania. In the same studies, prevalence of AFM1 in cow’s milk was
84% (n = 37) in Singida and 30% (n = 141) in the selected locations of the three zones. Another study
reported AFs contamination of 68% of poultry feeds from Morogoro region in Tanzania (Alfred and Mosha
2013). Contamination of animal feeds with AFs at levels higher than the acceptable limits of 10 µg /kg
affects animal products such as milk and meat as suggested by (Obade et al. 2015; Kang’ethe and Lang’a
2009; Mohammed et al. 2016; EC 2006). As for Tanzania limits set by TZS 397: 2017, acceptable limits of
animal feeds are 20 µg /kg.

Milk is one among nutritious food, thus, contamination of milk poses a threat to food safety and nutrition,
especially in children who are the main consumers and one of the vulnerable subgroups in any population
(Iqbal et al. 2015; Sumon et al. 2021). Even when milk is heated, AFM1 remains resistant to the heat,
indicating the potential toxicity to human (Sumon et al. 2021). Between 2011 and 2018, milk production in
Tanzania increased from 1.85 to 2.09 billion liters with its per capita consumption reaching 40 liters per
annum (Lunogelo et al. 2020). Parallel to this and with an effort to combat undernutrition in children, there
has been increasing advocacy on milk feeding to children, however there are no mechanisms to ensure
safety of the milk (Galiè et al. 2021). Of a particular concern cow’s milk is commonly used as
complementary food among infant and young children, as a results, children are likely to be exposed to
AFM1 as early as during the developmental window of the �rst 1000 days of life. With the increasing
advocacy on milk feeding to children in conjunction with limited safety monitoring systems, studies to
assess safety of milk are important to provide basis for further research, inform regulation systems and
investors. Therefore, this study intended to determine AFM1 contamination of cow’s milk and estimate the
risk of exposure to these toxins among children through consumption of cow’s milk.

Methods

Study Area and Design
The research was carried out in Morogoro Municipal in Morogoro region. The Municipal has high milk
production and a good number of cattle keepers. In 2002, out of 762,952 labor force, 24,821 were classi�ed
as farmers while 889 were the cattle keepers (Mlozi et al. 2015); and in 2006, cattle population in Morogoro
region was reported to be 4,170 (URT 2007). Cattle keepers in Morogoro Municipal practice zero grazing
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mainly due to limited open pasture and fear of disease transmission in congested animal grazing. These
cattle are mostly fed with hay and supplemented with cotton seed cake, maize bran and sun�ower cake
which are believed to increase milk production. Zero grazing and such feeding practices have been
associated with AFs exposure in animals (Kitigwa et al. 2022), justifying the relevance of the area for this
particular study.

In this study, we used a cross sectional study design to understand child feeding practices, consumption of
cow’s milk and collected milk samples for AFM1 analysis.

Recruitment of participants and Interviews
Study participants were randomly selected from a list of households with babies between the age of 6 to 36
months provided by the Ward Executive O�ce of Magadu Ward. The random selection was made using
ENA for smart survey software to avoid bias. A sample size of 165 mother-child pairs was estimated using
Cochran’s formula (Cochran 1977) and recruited. Mothers were interviewed on feeding practices and
feeding of cow’s milk in the past 24-hours using a structured 24-hour recall adopted from the Tanzania
National Nutrition Survey (TNNS 2018). Mothers were asked to recall all food items fed to the index child in
the past 24 hours. Where plain cow’s milk was fed, mothers were asked to estimate amount consumed by a
child on their usual huosehold cup using milk or water. The amount were then transferred to a measuring
cup and recorded. In addition, all ingredients used in preparation of mult-ingredient foods were itemized.
Where cow’s milk was listed, mothers were asked to estimate the amount used. Quantinties of cow’s milk
consumed plain or as an ingredient in other foods such as porridge or tea were summated to obtain
cummulative milk intake within 24 hours. These amounts were further used to estimate exposure to AFM1
among children. The questionnaire was pre-tested to ascertain validity of the questions, using preliminary
survey with 10 mother-child pairs who were residing at Kihonda ward in Morogoro region. These
respondents were not part of the study but their characteristics matches the targeted sample population.

Collection of Cows’ milk samples
In addition to the interviews, samples of cows’ milk were collected from a subsample of 100 households.
This subsample was obtained by a systematic sampling of every other household interviewed. An
additional buffer of 20% to cover for households that might have no milk samples was considered. In total,
100 samples of raw cows’ milk were aseptically collected and kept in a cool box at about 4 oC. At collection,
milk samples were ascertained for water adulteration using AL-1272 Lactometer (India). Samples were
transported within 6 hours to a recipient cold storage at -20oC. After the entire sample collection, samples
were transported on a portable car freezer at -20oC to the laboratory at Nelson Mandela African Institution
of Science and Technology (NM-AIST) and kept at -40°C prior to analysis of AFM1.

Analysis of AFM1 in cows’ milk samples
A�atoxins M1 in raw milk samples was analysed using competitive Enzyme Linked Immunosorbent Assay
(ELISA) using the Helica Milk AFM1 ELISA kits Lot No. 070122 (Helica, USA) according to the manufacture’s
speci�cation. The kits were stored at 2–8°C and were kept at room temperature for 30 minutes before use.
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Samples were brought to room temperature prior to analysis. Then diluted with distilled water at a ratio of
sample: water; 1:9 v/v. Diluted samples were vortexed on M1671033 ThermoScienti�c (China) vortex for 60
minutes and then centrifuged in a 5810 Hamburg (Germany) Centrifuge, at 2,000 g for 5 minutes. The
supernatant fat free layer was pipetted into clean Eppendorf tubes. Then 200 µL of each sample or
standards (0.0, 5.0, 10.0, 25.0, 50.0 and 100.0 pg/mL) were pipetted into the wells of AFM1-antibody-coated
microtiter plate supplied with the kits. Each sample or standard were pipetted into duplicate wells on a
speci�ed order (Maleki et al. 2015). The plate was covered by the sealer and incubated at room temperature
in dark for 2 hours. The plate was washed 3 times using washing buffer composed of Phosphate Buffered
Saline (PBS) and 0.05% Tween20* in 1 liter of distilled water. Then, the plate was tapped on absorbent
paper towel to remove excess liquid. Then 100 µL of AFM1 Horse Radish Peroxidase (HRP) conjugate was
added into both the standards and samples wells. The plate was covered by a sealer and incubated at
room temperature for 15 minutes. Afterwards, the plate was washed 3 times using the wash buffer in order
to remove the unbound conjugate. The plate was tapped on absorbent paper towel to remove excess liquid.
Then 100 µL of Tetramethylbenzidine (TMB) substrate was added into both the standards and samples
wells. The plate was covered by a sealer and incubated in dark at room temperature for 15 minutes (blue
color developed). The reaction was stopped by adding 100 µL of stop solution into both the standard and
sample wells. The color changed from blue to yellow. The absorbance of the yellow color was read at 450
nm using a BioTek ELx 808 Microplate reader, (USA) with the help of an installed software Gen 5 (v.2.09).
The intensity of the color is inversely proportional to AFM1 concentration in the samples. A standard curve
was used to calculate the concentration of AFM1 in the samples. Samples measuring above the standard
curve were repeated following additional dilution of up to 25, 50 or 100 times. Samples were analyzed in
duplicate and those with a coe�cient of variation (CV) of greater than 7% were re-measured.

Method performance was tested using recovery from spiked milk samples at 0.005, 0.05 and 0.1 µg/L,
precision as relative standard deviation (RSD%) and limit of detection (LoD) calculated as the sum of the
mean concentration (n = 8) and a product of 2 times standard deviation of a zero calibrator (Armbruster
and Pry, 2008).

Estimation of dietary exposure to AFM1
Dietary exposure of an indiviadual child to AFM1 through consumption of cow’s milk was estimated using
a deterministic approach described by JECFA (2010), and was calcuated by multiplying the consumption of
cow’s milk (L) by levels of AFM1 contamination (µg/L), divided by body weight (kg) (Eq. 1) and expressed
in µg per kg of body weight per day (µg/kg/bw/day).

Estimated Daily Intake (EDI) of AFM1 due to consumption of cow’s milk

= daily intake of cow’s milk (L) *AFM1 contamination levels (µg/L) / individual bodyweight (kg) [1]

Characterization of a risk of exposure to AFM1
According to EFSA (2020) margin of exposure (MOE) is used to assess possible risks associated to a
variety of genotoxic or carcinogenic substances. The MOE was calculated by dividing the established
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Benchmark dose lower limit (BMDL) for a�atoxin B1 which is 0.4 µg/kg bw/day by toxin exposure levels
(EDI) (Eq. 2), taking into account potency factor of 0.1.

MOE = BMDL10/ EDI [2]
Where;

BMDL10 is the Benchmark Dose Lower Limit for 10% increased cancer risk

EDI is the Estimated Daily Intakes (Dietary exposure) of AFM1 due to consumption of cow’s milk, as
calculated in Eq. 1.

Based on estimation of BMDL from animal data because it was inappropriate to use human data, EFSA
(2020) concluded that AFM1 is capable of inducing liver cancer with a potency factor of one-tenth that of
AFB1 (where a MOE of 100,000 which is equivalent to an exposure of 0.000004 µg/kg bw/day (0.4 µg/kg
bw/day divided by 100,000) marked the cut-off point of low public health concern. This implies that MOE
value less than 100,000 explains high risk to public health.

Ethical clearance
This study obtained ethical clearance (IHI/IRB/No: 09-2022) from Ifakara Health Institute Ethical Review
Board (IHI-ERB). Research participants were informed of the aim of the study prior to interview, and were
asked to consent. Those who consented to participate, provided verbal agreement and signed consent
forms. Con�dentiality of the information were maintained throughout the study.

Statistical Analysis
Statistical Package for the Social Sciences (SPSS) version 26 was used for data analysis. Descriptive
statistics were used in reporting demographic information of the participants and complementary feeding
practices including consumption of cows’ milk.

Results

Social Demographic Characteristics of the Study Population
A total of 165 mother-child pairs were recruited. Nearly a half (49.7%) of the study participants were
residing in urban side (Falkland and Kididimo), and 50.3% in the peri-urban (Konga and Magadu) side of
Magadu ward. The mean age for mothers was 28.39 ± 6.0 years, and majority were within the age range of
20 to 34 years (78%). Majority of mothers were married (70.7%) and living in households with 2 to 4
members (69.1%). Almost half (49.9%) of mothers had primary school education. Business was the
dominant occupation accounting for 67.3% of the surveyed mothers. The mean age of surveyed children
was 21.3 ± 7.9 months. The mean weight of all children was 12.81 ± 2.9 kg (n = 165) which was further
categorized into three, Table 1.
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Table 1
Social Demographic Characteristics of Study Population

Variables Urban (N = 82) Peri-urban (N = 83) Pooled (N = 165)

  Frequency
(n)

Percentages
(%)

Frequency
(n)

Percentages
(%)

Frequency
(n)

Percentages
(%)

Age of the
index child
(months)

           

6 to 11 10 12.2 15 18.1 25 15.2

12 to 23 38 46.3 29 34.9 67 40.6

24 to 36 34 41.5 39 47 73 44.2

Total 82 100 83 100 165 100

Sex of index
child

           

Boy 36 43.9 41 49.4 77 46.7

Girl 46 56.1 42 50.6 88 53.3

Total 82 100 83 100 165 100

Household
size

           

2 to 4
household
members

53 64.6 61 73.5 114 69.1

≥ 4 household
members

29 35.4 22 26.5 51 30.9

Total 82 100 83 100 165 100

Age of mothers (years)

13 to 19 3 3.7 - - 3 1.8

20 to 34 64 78 71 85.5 135 81.8

35 to 49 15 18.3 12 14.5 27 16.4

Total 82 100 83 100 165 100

Education level of mothers          

Above
secondary
school

20 24.4 14 16.9 34 20.6

No formal
education

2 2.4 1 1.2 3 1.8
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Variables Urban (N = 82) Peri-urban (N = 83) Pooled (N = 165)

  Frequency
(n)

Percentages
(%)

Frequency
(n)

Percentages
(%)

Frequency
(n)

Percentages
(%)

Age of the
index child
(months)

           

Primary school
education

18 22 34 41 52 31.5

Secondary
school A-level

4 4.9 7 8.4 11 6.7

Secondary
school O-level

38 46.3 27 32.5 65 39.4

Total 82 100 83 100 165 100

Marital status of mothers

Divorced 2 2.4 1 1.2 3 1.8

Married 58 70.7 71 85.5 129 78.2

Single 20 24.5 11 13.3 31 18.8

Widow 2 2.4     2 1.2

Total 82 100 83 100 165 100

Occupation of mothers          

Business 49 59.8 62 74.7 111 67.3

Employed in
formal sector

7 8.5 3 3.6 3 1.8

Employed in
informal
sector

26 31.7 1 1.2 8 4.8

Farmer     17 20.5 43 26.1

Total 82 100 83 100 165 100

Household head

Husband/male
partner

58 70.7 71 85.5 129 78.2

Mother
(respondent)

24 29.3 11 13.3 35 21.2

Mother of the
Respondent

    1 1.2 1 0.6

Total 82 100 83 100 165 100
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Variables Urban (N = 82) Peri-urban (N = 83) Pooled (N = 165)

  Frequency
(n)

Percentages
(%)

Frequency
(n)

Percentages
(%)

Frequency
(n)

Percentages
(%)

Age of the
index child
(months)

           

Relationship with the household head        

Husband/
male partner

58 70.7 71 85.5 129 78.2

Mother of the
Respondent

    1 1.2 1 0.6

Self 24 29.3 11 13.3 35 21.2

Total 82 100 83 100 165 100

Participants location

Falk land 38 46.3 - - 38 23

Kididimo 44 53.7 - - 44 26.7

Konga - - 43 51.8 43 26.1

Magadu - - 40 48.2 40 24.2

Total 82 100 83 100 165 100

Table 1

Complementary Feeding and Consumption of Cows’ Milk
About thirty �ve percent (35.2%) of the surveyed children were fed cow’s milk as part of complementary
feeding 24 hours before the survey. Milk was consumed plain, incorporated in porridge and/or tea, at a
frequency of 1 to 2 times a day. In total, milk consumption ranged from 62.5 to 500 ml per day with a
median of 125 (125, 250) ml. Other foods consumed by children 24 hours before the survey were
predominantly cereal-based foods (99%), followed by legumes (69%), leafy vegetables (53%) and fruits and
vegetables (52%). Other food groups were consumed by less than half of the studied children, Fig. 1.

FIGURE 1

Occurance of A�atoxin M1 in Cows’ Milk
A�atoxin M1 was detected in all samples (100%, n = 100) of raw cows’ milk, at a range of 0.052 to 9.310
µg/L (LoD 0.002 µg/L). This contamination exceeded the limit of 0.05 µg/L set by European Union
Commission Regulation (EU) No 165/2010 of 26 February 2010 (EC 2006), and Tanzania Bureau of
Standards (TBS) (Mohammed et al. 2016) for AFM1 in raw cow milk. However, 97% of the samples had
AFM1 that exceed the limit of 0.5 µg/L set by the United States Food and Drug Administration (FDA 2005)
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for AFM1 in raw cow milk. When compared the peri-urban and urban samples, the median value of 2.218
(1.23, 2.89) µg/L for AFM1 in the peri-urban was slightly higher than that of the urban (2.046 (1.36, 2.37)
µg/L) (Table 2).

Table 2
Occurrence of AFM1 in cow's milk

AFM1 (µg/L) Location Total

(n = 100)Urban

(n = 50)

Peri-Urban

(n = 50)

Median 2.046 2.218 2.076

IQR 1.026 1.705 1.230

Maximum 4.538 9.310 9.310

Minimum 0.052 0.710 0.052

Positive samples 50(100) 50(100) 100(100)

Negative samples 0(0.00) 0(0.00) 0(0.00)

EU/ Tanzania limits AFM1 ≥ 0.05 µg/L 50(100) 50(100) 100(100)

AFM1 ≤ 0.05 µg/L 0(0.00) 0(0.00) 0(0.00)

FDA limits AFM1 ≥ 0.5µg/L 47(94) 50(100) 97(97)

AFM1 ≤ 0.5µg/L 3(6) 0(0.00) 3(3)

Method performance test yield an average recovery of 91.3%, 100.9% and 96.7% for 0.005, 0.05 and 0.1
µg/L respectively, relative standard deviation (RSD%) of 1.3 and a limit of detection (LoD) of 0.0026 µg/L.

Table 2

Dietary Exposure and risk characterization to AFM1
The dietary exposure to AFM1 estimated in the current study ranged from 0.0024–0.077 µg/kg bw/day
with a median of 0.019 (0.0016, 0.026) µg/kg bw/day. EFSA (2020) documented dietary exposure of > 
0.000004 µg/kg bw/day entails a public health concern. In this study the highest EDIs of AFM1 0.0024–
0.077 µg/kg bw/day were found for the consumption of cow’s milk by the surveyed children where, any
values of EDI found above 0.000004 µg/kg bw/day entails a public health concern. Furthermore, the
estimated Margin of Exposure (MoE) ranged from 5.19- 166.76 with median of 20.68 (15.33, 25.40) which
is < 100,000 and implying high risk of a negative impact on public health.

Discussion
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This study surveyed 165 mother-baby dyads to understand feeding practices with particular interest in
feeding of cows’ milk in the past 24-hours, it further assessed AFM1 contamination of cows’ milk and the
risk of exposure to AFM1 due to consumption of cows milk among infants and young children (IYC) aged
6–36 months.

The surveyed children were reported to consume cow’s milk in the previous 24 hours where, children
between one and two years consumed more cows’ milk (mean value of 171.88 ± 88.87 ml) than other age
groups because at this age, breastfeeding is relatively reduced and gradually replaced by complementary
feeding that include cows’ milk. Children are also feeding on semi solid foods that in most cases are
constituted by cows’ milk. Reconstitution of solid and semi-solid foods with cows’ milk was used to
soothen the food for good taste, and also to help with milk intake in children who resist plain milk. Children
between the age of 6–11 months were consuming less cows’ milk because they are more breastfed, while
those between 24–36 months consumed more of other foods including family meals than cows’ milk. In
Tanzania milk intake is reported at about 45 litres/ person per year (Katjiuongua and Nelgen 2014). Other
study �ndings done in Tanzania and Kenya estimated that around 50–60% of people in a particular
catchment area consume milk (Galiè et al. 2021) which include young children. The study further reported
that, milk is consumed plain, mixed in porridge (a term describing a legume and grain-based dish made
from a wide variety of ingredients), and tea.

All milk samples collected from household were found un-adultered. This was possible because the
participants were informed of the collection of milk samples for educational purposes by the ward
executive o�cer prior to the survey. Adultaration measure explains the quality of milk and that un-adultered
milk had no interfere to the measurement of AFM1 concentration. The lactomiter reading was within the
range of 1.026–1.032 g/ml (Small Holder Dairy Project (SDP 2004).

A�atoxin M1 was detected in all raw cows’ milk (n = 100) samples at levels exceeding the limit of 0.05 µg/L
set by European Union Commission Regulation (EU) No 165/2010 of 26 February 2010 (EC 2006), and the
Tanzania Bureau of Standards (TBS) (Mohammed et al. 2016) for AFM1 in raw cow milk. In 2017,
Gonçalves et al. stated that, AFM1 excretion in raw milk is the major consequence of exposing cattle to
a�atoxin B1. Approximately, 1–6% of AFB1 can be metabolized into AFM1 following ingestion of AFB1
contaminated feeds (Turna and Wu 2021; Tarannum et al. 2020). Higher AFM1 in cows’ milk is prevalently
reported in zero-grazing than in free-range. Zero-grazed dairy cattle are more likely to feed on contaminated
feeds such as maize hay, bran, cotton and sun�ower seed cakes that are frequently reported to contain high
levels of AFs (Mohamed et al. 2016; Kitigwa et al. 2022; Kang’ethe and Lang’a 2009). This is because these
feeds emanate mainly from reject and poor-quality grains, which are inadequately stored for a long time,
thus provide conducive environment for mycotoxin production (Kang’ethe and Lang’a 2009).

While cereal bran used to feed dairy cattle is contaminated with a�atoxin B1, the milk obtained from the
same cattle is found contaminated with a�atoxin M1 (Magoha et al. 2014). Two studies conducted in
different locations in Tanzania by Mohamed et al. (2016) and Kitigwa et al. (2022) revealed AFM1
contamination in raw milk ranging from 0.026 to 2.01 µg/L (n = 37) and 0.03 to 43.98 µg/L (n = 141)
respectively. A study conducted in Bangladesh which employed ELISA technique to assesses AFM1 in raw
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(n = 50) and processed (n = 50) milk samples reported that, over 53% of the total sample (n = 100) tested
positive for AFM1. Of the contaminated, 70% were raw milk samples at a range of 22.79-1489.28 ng/kg,
mean 699.07 ng/kg (Tarannum et al. 2020). A study by Asghar et al. (2018) reported 91.7% contamination
of AFM1 (ranging from 20 − 3090 ng /L with mean level of 317 ± 16.6 ng /L) in fresh milk (n = 143) out of
156 samples collected. Another study by Sumon et al. (2021) reported detection of AFM1 in 71.4% of raw
milk samples (mean 41.1 ng/L, range 5.0–198.7 ng/L). In 2014, Magoha et al. reported that, all samples of
human breast milk tested positive for AFM1 where more than 70% of the samples exceeded limit of 0.05
ng/L set by EU for milk and dairy products. This implies that, children are double exposed to AFM1 through
consumption of both animal and human breast milk. In addition to consuming susceptible cows’ milk,
children were also fed with mainly cereal-based meals that have been frequently reported to contain
a�atoxins (IRC 2015; Mollay et al. 2021). This implies double burden of exposure to both a�atoxins B and
G, as well as AFM1.

Dietary exposure to AFM1 (0.0024–0.077 µg/kg bw/day) due to consumption of cows’ milk among
children exceeded the limit of not more than 0.000004 µg/kg bw/day reported in EFSA (2020), implying a
signi�cant concern to public health. Similarly, Ahlberg et al. (2018) reported mean AFM1 exposure of 0.8
ng/kg bw/day for all recruited children (< 3 years of age) in Kenya. Findings of Kortei et al. (2022) have
reported the Estimated Daily Intakes (EDI) of AFM1 in raw cow milk samples from Greater Accra Region
were 0.61, 0.36 and 0.14 ng/kg bw/day for infants, toddlers and children respectively.

Margin of Exposure (MOE) was way below 100,000 implying that, AFM1 intake through consumption of
cows’ milk can cause signi�cant health problem (Kortei et al. 2022, EFSA 2020). A study by Kortei et al.
(2022) reported Margin of Exposure (MoE) values ranging from 197.04 to 655.74 for infants (0–11
months), from 333.33 to 1111.11 for toddlers (12–35 months) and from 888.89 to 2857.14 for children (36
months to 10 years) in four regions of Ghana. Contrariwise a study by Milićević et al. (2021) reported higher
values of MoE signifying no public health concern due to AFM1 among toddlers (1–3 years) and children
(3–9 years) due to consumption of infant formula, fermented milk products, butter, milk beverages, sour
cream, cheese, pasteurized and UHT milk and whey liquid in Serbia.

Conclusion
The present study reported consumption of cows’ milk as part of complementary feeding among children,
and the risk of exposure to AFM1. About 36% of children consumed plain and/or milk incorporated in
porridge or tea. All cow milk samples collected were contaminated with AFM1 at levels exceeding the limit
for AFM1 in raw milk set by Tanzania Bureau of Standard and the European Union. The study also reports
high dietary exposure to AFM1 due to consumption of cow’s milk and lower values of MOE implying high
risk of public health concern. This study recommends that, advocacy for consumption of cows’ milk to
combat undernutrition in children should consider a holistic approach that takes into account the safety
aspect of the milk.
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Figure 1

Consumption of milk and other food groups by the study children 24 hours before the survey


