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ABSTRACT
Background: Food safety is of increasing global concern, and a OneHealth issue requiring
attention of many disciplines. Aflatoxins are toxins produced by fungi and found in foods and
feeds, and exposure causes negative health effects in humans and animals. When lactating
animals consume aflatoxin B1, the metabolite (AFM1) is transferred to milk.
Methods: A cross-sectional study was designed to determine characteristics of smallholder
dairy farming in urban and peri-urban areas of Kisumu and quantify AFM1 in milk. Data was
collected from 97 randomly selected dairy farms on farming practices, milk production, and
awareness about aflatoxins. Collected milk samples were analyzed using enzyme-linked
immunosorbent assay for AFM1.
Results: Average milk produced was 13 liters per day per household and mainly used for
household consumption and sold to neighbours. Farmers mainly fed cows on forage and
concentrates (62.9%). Levels of AFM1 ranged from below the detection limit to 151 ppt, with
a mean of 29.67 ppt; 26.4% exceeding the EU limit. Concentrate feeding was associated with
higher AFM1 levels (p = 0.002); with farms feeding concentrates more likely to have levels
exceeding 50 ppt (OR = 10.1).
Conclusion: In conclusion, milk produced by small holder dairy farmers in Kisumu County
frequently is contaminated with AFM1, implying health risks for human and animals.
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Introduction

Animal-source foods are important for food and
nutrition security, but risks of transmission of biolo-
gical or chemical hazards cause food safety issues and
potential negative health impacts. Food and feed con-
tamination with mycotoxins is a major public health
concern especially in tropical and subtropical regions.
Mycotoxins are secondary metabolites of fungi, and
aflatoxins, produced by the Aspergillus species [1], are
probably the most studied and the most abundant
class of mycotoxins. Aflatoxins are immunotoxic,
carcinogenic, mutagenic and hepatotoxic [2]. They
can cause growth retardation in animals [3] and
have been associated with stunting in children [4,5].
The fungi grow when there are favourable conditions
of moisture, warm temperatures [6] and poor storage
conditions [7]. Toxin production can occur in almost
all stages of the value chain, in the field, during
processing, transportation and storage [8].
Mycotoxins in food and feeds should therefore be
monitored from farm-to-fork to assure safety to con-
sumers. Aflatoxins B1, B2, G1 and G2 occur naturally
in crops [9]. Aflatoxin B1 (AFB1) is the most

prevalent of all, and has been associated with acute
aflatoxicosis that manifests as hepatotoxicity (with a
case fatality rate of 25% in some outbreaks). Aflatoxin
B1 is considered as a group I carcinogen for
humans [10].

Aflatoxin-contaminated feeds, when given to ani-
mals, can affect their health and productivity, and
when present in animal-source foods such as milk,
may affect the health of those consuming these pro-
ducts [11]. Aflatoxin B1 is the main aflatoxin in
contaminated feed. Aflatoxin M1 (AFM1), a metabo-
lite of AFB1, is present in milk of animals that have
been fed diet contaminated with AFB1. About 3% of
dietary intake of AFB1 is excreted as AFM1 [12], but
this may vary with the cow productivity and other
cow factors [13,14]. AFM1 is excreted within
12 hours of administration of contaminated feeds
[15]. Considering that cow’s milk is often among
the first food a child is introduced to, and given
that children at this early age are not immune com-
petent, intake of milk contaminated with AFM1 may
further suppress their immunity and make them
more susceptible to other diseases.
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Smallholder dairy farmers in Kenya face a number
of challenges, including inadequate feeding. Many
farmers are unable to buy commercial feeds, and
often lack properly constructed feed stores as well as
knowledge on safe formulation of feed rations. As a
result, they rely on crop residues and cereals to feed
their animals, which may have been discarded due to
mold spoilage [16]. Urban dairy farmers spend nine
times more money on purchasing commercial feeds
than their rural counterparts [17] and are also at a
higher risk of feeding AFB1-contaminated animal
feeds [18]. There is very scarce and scattered data of
AFM1 in milk from small-scale dairy farms in
Kisumu County, yet the county is characterized by
high temperatures (over 25 °C) and high humidity
(40–89%) which foster mould growth and aflatoxin
contamination. A few studies of aflatoxins in Kisumu
County, focusing on marketed milk, found AFM1
levels up to 130 ppt (parts per trillion) [19] despite
the recommend limit of 50 ppt by EU. It is important
to keep aflatoxin contamination at levels as low as
possible as exposure to small amounts may still be
harmful to human health. The objectives of this study
were to 1) determine baseline characteristics of small-
holder dairy farming in urban and peri-urban areas
of Kisumu and 2) quantify the levels of AFM1 in milk
produced in the County.

Materials and methods

Selection of study sites and sample size
calculation

Four urban and peri-urban sub-counties; Kisumu
East, Kisumu Central, Kisumu West, and Nyando
were purposively selected for this study. They
were selected because of high levels of urban
and peri-urban agriculture, and presence of small-
holder dairy farmers managing their animals
through zero – grazing systems. The County
Veterinary Department provided the list of sub-
counties meeting the inclusion criteria. Livestock
extension officers in each sub-county were then
asked to provide a list of dairy farmers in their
areas, which then constituted the sampling frame,
from which 100 farms were randomly selected,
using randomization in MS Excel. Sample size
(n = 100 smallholder dairy farms) was calculated
using the method suggested by Daniel [20].
Replacements were made for farms that, though
selected, were not available to participate in the
study. Ethical review permit was obtained from
the Institutional Research Ethics Committee of
the International Livestock Research Institute,
approval number ILRI-IREC2017–10.

Participatory appraisals and household survey

A one-day participatory meeting was held with key
dairy stakeholders in Kisumu County, including a
representation of farmers, livestock extension officers,
Kenya Dairy Board, Directorate of Veterinary Services
and milk traders. The objective of the meeting was to
provide details (goals, phases of the study etc.) for the
project and officially launch the project activities. Farm
visits were organized immediately after the stakeholder
meeting. A pre-tested questionnaire was used to cap-
ture data on household characteristics (e.g. gender,
age, level of education etc.), herd characteristics (spe-
cies kept, their number etc.), animal health challenges,
feeding practices, milk production levels and respon-
dents awareness about moulds and aflatoxins.

Milk sample collection

Raw bulk milk samples were collected from each study
farm, except for farms where there was no milk at the
time of the visit. In such cases, we requested the
farmer to obtain for us a small quantity of milk from
one of the cows at the time of the visit. Samples were
collected by trained research assistants, to achieve con-
sistency and to minimize the risks of microbial con-
tamination at the time of sampling. The samples were
collected in duplicate, in sterile 50 millilitre falcon
tubes. The samples, while in the field, were safely
kept in cooler boxes, and later transferred to freezers
at the County Veterinary Department, where they
were kept frozen awaiting transportation to the labora-
tory at International Livestock Research Institute
(ILRI), for further storage and analyses. Best practices
for handling of laboratory samples were observed
throughout the sample handling and storage processes.

Enzyme immunoassay for aflatoxin M1 (AFM1) in
milk

Milk samples were analysed using commercial ELISA
kit for AFM1 (Helica Biosystems, Inc., Santa Ana, CA
92704, USA, Catalog No. 961AFLM01M-96) according
to the manufacturer’s instructions. The samples were
thawed prior to being analyzed and reagents brought
to room temperature before use. The limit of detection
of AFM1 was 2 parts per trillion (ppt). Samples with
AFM1 values above the highest standard concentration
(100 ppt) were diluted further and the assay repeated
until the AFM1 value quantification fell below the
100 ppt aflatoxin values in the standards.

Samples and 200 μl aliquots of the standards were
dispensed into appropriate wells in duplicate. The plate
was covered with sealing tape to avoid evaporation
while providing protection from excess light, and incu-
bated at ambient temperature (19°-25°C) for 2 hours.
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The contents of the wells were discarded and washed
thrice by filling with PBS-Tween 20® and using a multi-
channel pipette. The wells were tapped on a layer of
absorbent paper facing down to remove any residual
wash buffer. A 100 μl of conjugate was added to each
well, resealed and incubated for 15minutes at ambient
temperatures. Washing was repeated as earlier
described, after which 100 μl of enzyme substrate was
added to each well and incubated for 15 minutes. The
result was a colour change, from clear solution to blue.
The reaction was stopped by adding 100 μl of ‘stops’
solution and the optical density of each microwell was
read with a micro plate reader at 450 nm using a
differential filter of 630 nm.

Data analysis

Data were entered and cleaned in Microsoft excel (MS
Excel®), and analyzed using SPSS (version 22) statistical
package. Log transformation of AFM1 levels was done to
attain a more normal distribution. Descriptive analyses,
for quantitative data, included determination of mea-
sures of central tendency, mean (± standard deviation)
and median. Qualitative data were summarized using
frequency tables, graphs and trends. Inferential analyses
included the use of Chi square statistics to assess statis-
tical associations, Students t-tests and ANOVA to assess
significance of differences in group means, and univari-
able linear regression to see the association between milk
yield and contamination level. All factors that could
potentially affect AFM1 levels i.e. feeding of concentrates
storage facilities, occurrence of mold on farm, were
included in the full multivariable linear regression
model. A backward (manual) approach was used to

model the relationship between these factors and detec-
tion of AFM1 levels (≥50 ppt) in milk. Elimination of
variables was done until only those with significant
(p < 0.05) associations remained in the model.

Results

Response rate

A total of 97 farms were interviewed as part of the study
corresponding to a response rate of 97% (n = 100).

Respondent and household characteristics

Those interviewed were aged between 20 and 83 years
and most were men (66%; 64/97). Among our respon-
dents there were more males 64/97 than females 33/97.
Most (30%; 29/97) of those that had attained upper
primary education were men. Women were 34% (33/
97) respondents and tended to have attained less educa-
tion (Figure 1). Their main source of income was farm-
ing (73.7%), 27% were casually employed and 12.5%
were employed on fulltime basis. Out of the inter-
viewed, 47.9% were the head of the households, 24%
were wives to the household heads, 21.9%were the farm
workers, 6.3% were sons and relatives of the household.
Majority 85.3% of respondents decided on what feed to
buy, 72.6% acquired the feeds while 61.1% fed the cows.

Feeding and milking was most commonly done
by male workers whereas the wife of the house-
hold head was most often responsible for cleaning
milk utensils, transporting and selling of milk.
Dairy activities performed by the different house-
hold members are summarized as (Table 1) below.

Figure 1. Respondents level of education between males and females
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A small percentage (37.1%; 36/97) of the respon-
dents had received training on different aspects of
dairy production such as milk production (32%),
hygiene (12.4%) and health (22.7%). Although pro-
portionally more women (42.4%; 14/33) had
received dairy training this proportion did not dif-
fer significantly from the proportion of women that
was trained (34.4%; 22/64) (p = 0.4).

Herd composition

Of the 97 farms visited, 28.9% owned sheep, 29.9% goats,
7.2% pigs and 87.6% poultry. The average number of
livestock species kept per household was: cattle
(5.44 ± 6.88), sheep (2.58 ± 6.04), goats (1.34 ± 3.94),
pigs (1.12 ± 5.91) and poultry (29.41 ± 69.32). Ayrshire
(42.7%) and Friesian (38.2%) were the most common
cattle breed type kept by the farmers. Other breeds were
Jersey (10.9%) and Guernsey (8.2%) (n = 97). In terms of
herd composition, adultmales were kept on 14.7% farms,
milking cows on 82.5%, dry cows on 53.1%, heifers on
52.6%, and calves and weaners on 75.3%. Most (90.7%;
88/97) households practiced zero grazing, 47.4% also
practiced tethering and 22.8% pasture grazing. The aver-
age number of milking cows per farm was 2 and a mini-
mum of 1.

Milk production and utilization

Most farmers (94%)milked their cows twice each day i.e.
morning and evening, 4.8%milked once daily, while only
1.2% milked three times daily. The average daily milk
production was 13 ± 15.83 liters per farm, with a range of

between 0.25–80 liters, while milk yield per cow was
0.25–27 liters. The price at which fresh raw milk was
sold at was US dollars 0.4–1.2 per literð�x ¼ 0:63� 0:3Þ.
In most cases (73.4%; 58/97), customers visited the farms
to purchase the milk (Figure 2).

Milk was bought by neighbors, milk traders, hotel
shops, bulking traders, and 2.75 (± sd 4.79) liters was
retained for household consumption (Table 2). Milk
was, in most farms (62%), sold within 30 minutes of
milking, a few farms (12.8%) retained milk for more
than 7 hours after milking. Milk was preserved by either
boiling (40.7%); refrigeration (39.6%) or no form of
treatment was done (19.7%) before being sold. Most
(91.7%) families boiled their milk before consumption,
7.1% consumed it raw and 7.2% had it fermented.

Most farmers (76.3%; 66/97) had not experienced
any incidence of milk spoilage in their farms. Of the
respondents (n = 31) who had problems with milk
getting spoilt (23.7%), 17.5% (17/97) used it either to
prepare fermented milk commonly known as ‘maziwa
lala’, added vegetables which was consumed by the
household members, or gave out to their pets. The
rest (6.2%; 6/97) discarded the spoilt milk.

Dairy feeds (types, sources, storage and feeding
practices)

Dairy animals were intensively managed (90.7%; 88/97).
The cows were fed on forages (mostly cut and carry) and
supplemented with concentrates such as dairy meal, cot-
ton seed cake, maize germ andwheat bran. Some farmers
used silage andmolasses. Details of feeds are summarized
in Figure 2.Most (58.8%) farmers feddairymeal. Farmers

Table 1. Percentage of household members tasked with different dairy tasks.
Task Husband Wife Male employee Female employee Male relative Female relative

Feeding of the animals 23.7 27.7 61.9 2 9.2 1
Milking of cows 19.6 22.7 60.8 0 14.4 1
Cleaning of milking items 7.2 50.3 34.9 10.2 8.2 5.1
Selling of milk produced 16.5 45.4 29.8 4.1 11.3 2
Transporting milk to market 15.5 29.9 25.7 1 9.25 3

Figure 2. Feed types used by smallholder dairy farmers in selected urban and peri-urban areas of Kisumu
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sourced their various feed either from on-farm formula-
tions or local purchases (Table 3 and Figure 3).

Cut and carry, which was predominately used by
farmers, involved harvest of Napier grass, legumes
and any other local grass that could be fed to cows.
This included the actual practice of cutting, collecting
and transporting natural forages from different areas
away from the farm homesteads.

On the question of what feed additives were used,
farmers reported using routinely added phosphorous
salt in the animal feeds (47.4%; 46/97). Sixty three percent
(63%) of the farmers had feed storage facilities present on
their farms and feed was kept on raised surfaces. Those
that lacked feed stores (37%) had feed stored on the
ground. While feeds were in storage, farmers routinely
monitored for conditions such as temperature, ventila-
tion, moisture, mold growth, dryness, animal and pests
(Table 3). While most (78%; n = 97) of farmers said they
would throw away feeds if they noticed mold growth on
them, 22% said they would air and still give that to their
animals.

Animal health and milk hygiene practices

About half (51.5%; 50/97) of the respondents
reported experiencing mastitis on their farms. Most
(90%; n = 50) rarely experienced the disease, 6% had
experienced it at least every two months while 4%
had it at least once a month. We asked the respon-
dents (n = 50) to state what they did when they
observed the cases on their dairy farms; 90.8% called
a veterinary doctor for treatment and 4.7% managed
these on their own, either using milking cream or
salve (4.1%) or using warm water (4.1%) (Table 4).
One percent of the farmers reported doing nothing in
response to occurrence of mastitis on their farms.
Milk from cows with mastitis (n = 50) was either
discarded (46%; 23/50), given to calves and pets
(38%; 19/50), or consumed (14%; 7/50) consumed.
A few of the farmers (2%; 1/50) did not milk the cow.
Assessment of mastitis was only done by 50.5% of the
farmers, of which 35% did it regularly at every milk-
ing; 15.5% said they tested for the disease sometimes.
Most respondents (94.9%; n = 97) carried out daily
cleaning of both the milking shed and feeding areas.

Broom was used by 50.5% of farmers in daily
cleaning of the milking shed and 16.3% of respon-
dents used brooms when doing a more thorough
cleaning. One percent of respondents did not clean
hands before milking, 74.2% did not wash udder and
teats after milking, 3.1% did not do daily cleaning of
the milking shed, 32% did not do thorough cleaning
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Figure 3. Origin of feeds used by smallholder dairy farmers in urban and peri-urban Kisumu, May 2017

Table 2. Milk produced and consumed per day in smallholder
dairy farms in urban and peri-urban Kisumu, Kenya.

Mean Median Min Max

Milk produced per day (litres) 13 7 1 80
Consumption by children<5years (litres) 0.5 0.4 0 2
Amount sold to neighbor 6.8 3 0 70
Amount sold to traders 2.4 0 0 40
Amount sold to hotels 2.0 0 0 120
Amount consumed by family members 2.0 1 0 30

Table 3. Feed storage conditions that were routinely monitored for by smallholder dairy farmers in urban and peri-urban
Kisumu, May 2017.

Conditions monitored

Type of feed
Overall proportion (%) of farmers

reporting to monitor Pests (%) Dryness (%) Ventilation (%) Moisture (%) Warmth (%) Mold growth (%)

Hay 18.6 8.2 4.1 1 11.3 1 7.2
Cut and carry 60.8 27.8 27.8 3.1 30.9 7.25 17.5
Concentrates 44.3 15.5 3.1 3.1 24.7 6.2 20.6
Molasses 23.7 13.4 1.1 3.1 9.3 2.1 4.1
Silage 9.3 2.1 1.1 0 5.2 0 7.2
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of the milking shed and 2.1% did not ensure milking
equipment were clean after milking.

Awareness about mold growth and aflatoxins

Fifty nine percent of the farmers had seen molds on
their farms. Ingestion of moldy feeds was mostly
thought to cause gastrointestinal problems (Figure 4).

Most farmers, 61.8%, had heard of aflatoxins, with
slightly more men (67.2%) than women (48.5%) hav-
ing heard of it, but the difference was not significant
(p = 0.07). Of the 61.8% that had heard of aflatoxins,
37.1% could correctly define what aflatoxins are i.e. as
food poison (19.6%), as toxic mold (17.5%). Incorrect
definitions (24.7%) included responses that classified
aflatoxins as bacteria (10.3%), disease (10.3%), and
those that have heard but could not define (4.1%).
We asked farmers to indicate the foods they consid-
ered more likely to be contaminated with aflatoxins,
5.2% did not know; those who knew (n = 97) identi-
fied maize (46.4%) – forage (21.6%) and dairy meal
(17.5%). Other foods that were thought to be con-
taminated with aflatoxins included cassava, millet,
potatoes, milk, meat, wheat, beans and bread. In
humans, aflatoxin was thought to result to gastroin-
testinal problems (18.3), cancer (1.9%) and even
death (19.2%).

Aflatoxin M1 detection

A total of 72 milk samples were collected, 62.5% had
LOD levels of ≤19 ppt, 11% had levels of 20–49 ppt,
and 26.4% were above 50 ppt. The lowest levels of
AFM1 were below the limit of detection, while the
highest level was 151 ppt.

Assessing the effect of exposure factors on levels
of AFM1

Univariate analyses revealed significant relationships
(p < 0.05) between some of the variables in the study
and AFM1 levels (>50 ppt). Dairy farmers giving
concentrates to their cows were more likely to have
high AFM1 levels (above 50 ppt) in milk than those
not giving these to their animals (p = 0.002). The risk
of elevated aflatoxin was ten-fold higher in these
farmers OR = 10.06. Despite some farmers having
knowledge on aflatoxins, there was no significant
statistical difference in AFM1 levels between those
who were considered aware of aflatoxins and those
who were not (p = 0.109). Also Pearson χ2 statistics
revealed no significant association between AFM1
status i.e. less than 50 ppt and ≥50 ppt, and the ability
of the respondents to correctly define aflatoxins i.e.
‘correct definition’ and ‘incorrect definition’

Table 4. Milking hygiene practices reported by smallholder dairy farmers in urban and peri-urban Kisumu, May 2017.
Description of what was used

Task Warm water (%) Cold water (%) Soap or other disinfectants (%)

Cleaning hands before milking 47.4 2.1 49.5
Washing udder and teats before milking 93.8 3.1 3.1
Washing udder and teats after milking 21.6 1 3.1
Daily cleaning of milking shed 2 41.4 24.6
More thorough cleaning of milking shed 3 48.3 25.7
Cleaning milking equipment after milking 67 29.9 90.6

Figure 4. Effects of feeding moldy feeds to dairy cows, as reported by smallholder dairy farmers in urban and peri-urban areas
of Kisumu, May 2017
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(χ2 = 12.97, p > 0.05). There was also absence of any
significant association between presence or absence
of storage facilities and occurrence of AFM1 in the
sampled milk (χ2 = 0.67, p > 0.05). No significant
association was observed between gender of dairy
farmer and AFM1 levels (χ2 = 1.701, p > 0.05).

We observed a correlation between AFM1 levels
and quantities of milk produced (p < 0.001), with
higher AFM1 levels being reported in the high milk
producing farms (Figure 5).

Multivariable analysis (Table 5) showed that feed-
ing of concentrates and total liters produced was
associated with significantly increased levels of
AFM1 (p < 0.05). Farmers that gave concentrates
had a mean production of 16.69 ± 17.96 while those
that did not feed concentrates had a mean of
5.55 ± 5.94. High milk production could be attributed
to feeding of concentrates which was statistically sig-
nificant (p = 0.001). High log ppt values (0.98 ± 0.88)
of AFM1 levels were observed in milk from farmers
that gave concentrates compared to those that did not
(0.33 ± 0.59), this was statistically significant
(p = 0.000).

Discussion

Food safety is an increasing cause of concern, and the
safety of animal-source foods is a OneHealth issue,
requiring attention of multiple disciplines and minis-
tries. This study assessed the dairy production to
obtain insights into aflatoxins in milk in Kisumu
County. Most milk was sold locally, mainly to neigh-
bours and for income. However, milk was also con-
sumed by the households, and children below 5 years
of age consumed, on average, a half a litre of milk per
day, which is similar to results reported before [21].
The rest of the family consumed milk mainly in the

form of tea; a few took milk either as lala (fermented
milk) or yoghurt.

Women mostly ensured milking equipment
were clean; this was also found by [21]. In our
study the farmers observed practices that could
increase risk of exposure to mycotoxins. The pre-
sence of moulds on feeds did not motivate
destruction to some farmers. They aired the
mouldy feed and later mixed it with good feed
and gave to the animals, while others reported
discarding the feed as manure. Moreover, farmers
often over-report practices they regard as desirable
so this may be an over-estimation (Bronsvoort et
al attached). Most farmers ensured proper daily
cleaning of the cow shed removing feed leftovers
which can contribute to mould growth and repla-
cing with fresh ones.

Small-scale dairy farms often have low productiv-
ity, which could be attributed to poor management
and disease. Mastitis, particularly the subclinical type,
is one of the most persistent and widely spread dis-
ease conditions of importance to milk hygiene and
quality among dairy cattle worldwide [22]. Mastitis
influences total milk output and as milk may contain
high loads of bacteria, mastitis may modify milk
composition and its technological usability.
Subclinical mastitis is a prevalent disease in small-
holder dairy herds in Kenya [22,23], our study was
not exceptional given that 51.5% of the farms had
reportedly experienced the disease at some point on

Figure 5. Relationship between aflatoxin M1 levels (logarithmic scale) and quantities of milk (in liters) produced in total on the farm

Table 5. Multivariable analysis of feeding concentrates and
total milk produced.

Coefficient SE p

Feeding concentrate 1.24 0.48 0.013
Total farm milk production 0.02 0.007 0.004
Constant 0.61 0.41 0.14
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their farms. Mastitis may also increase the secretion
of AFM1 into milk [24]. Understanding the preva-
lence of mastitis in dairy farming is essential as it
contributes to bacterial loads in milk this leads to loss
of milk as it is spoilt and may produce disease in the
consumers. Lack of adequate dairy infrastructure and
limited knowledge of milk hygiene contribute to
higher incidence of milk borne pathogens. Milk-
borne diseases cause serious and life threatening
health risks to individuals with compromised
immune system, the pregnant women, newborns
and the elderly [25].

The study found that milk from the urban and
peri-urban dairy system of Kisumu is contaminated
with AFM1, but most (73.1%; 53/72) of the milk
samples collected were below the EU regulation
level of 50 ppt [26] and only 26.9% were above the
EU limit. Presence of AFM1 in milk was associated
with farms feeding their cattle mainly on concen-
trates made of ingredients such as maize germ, dairy
meal, cotton and sunflower seed cake, which are all
prone to contamination of AFB1 [27], although it
was not in the scope of this project to test feeds.
However, the concentrations of AFM1 from this
study were higher than an earlier study of raw milk
marketed in Kisumu which found a maximum of
130 ppt [19]. Levels of AFM1 in raw milk reported
in our study were lower compared to a study in peri-
urban Ethiopia that showed 91.8% of milk samples
exceeded the maximum level set by EU regulations
[28]. This study also had fewer samples above 50 ppt
than that reported from surveys conducted in
Nairobi and other parts of Kenya [29,30]. This dif-
ference can be attributed to different sources of feed,
different on-farm feeding practices, animal feed
handling and storage conditions and perhaps also
the sampling time. High milk yield was closely cor-
related with high levels of AFM1; this can be attrib-
uted to more feeding of contaminated feeds, mainly
concentrates [13]. also found that carry-over of
AFM1 from AFB1 appears to increase linearly with
milk yield. Our study revealed that higher producing
farms had higher levels of AFM1 in milk. One likely
explanation for this is that high producing cows are
more likely to feed more concentrates, and we could
also show an association between feeding concen-
trates and having AFM1 levels above 50 ppt, which
is supporting this explanation. However, it is also
possible that cows that are more high yielding
excrete more of the AFM1 in milk [13]. Therefore,
higher producing farms should come up with miti-
gation methods of reducing aflatoxins exposure in
their farms as they also distribute a lot of their milk
to consumers.

Most respondents were aware of the harmful
effects of aflatoxins, but had different ideas on the
effects caused with majority focusing on

gastrointestinal disorders. Diseases mentioned were
diarrhea, bloating and loss of appetite, or even
death. Most farmers (94.8%) had knowledge of
some of the commodities that are contaminated by
aflatoxins. It is, however, evident that all lacked
knowledge on milk contamination by AFM1.
Women often have less education, which may lead
to poor food handling [31]; in our study where fewer
women had received training, and fewer had heard of
aflatoxins. It is vital that women be empowered with
the knowledge about the occurrence of AFB1 con-
tamination in feeds as well as AFM1 in milk because
they are accountable for family nutrition and are
better placed to lessen the dangers posed by AFM1
in milk than their men counterparts [18]. In our
study, the majority of farmers appreciated that feed-
ing their dairy cows with moldy feed could be fatal
and some associated molds to cause cancer. Diseases
reported by the farmers to be caused by molds
included stomach ache, diarrhea and cough. A larger
percentage generalized that ‘it causes a disease’. In
another study mainly gastrointestinal disorders were
mentioned by respondents, including diarrhea,
vomiting, bloating and loss of appetite [21].

The AFM1 levels found in our study imply that
children are exposed (as they were reported to con-
sume part of the milk), which could lead to negative
health consequences. In Kisumu County 18% of chil-
dren are stunted, having low height for the age [32].
Exposure to AFM1 has been associated with poor
growth in neonates and lower height for age score
in children [4,33].

Globally, an increasingly higher percentage of
dairy cattle are kept in intensive farming system and
are fed on commercially acquired feeds which, in
developing countries, often are highly contaminated
with aflatoxins [34]. About 80% of Kenya’s total milk
production is still produced on small-scale farms
[35]. Due to this high demand, smallholder dairy
farmers feed their dairy cows on concentrates that
are often from uncertified agrovet vendors and highly
contaminated with aflatoxins [29]. The economic
impact of feed contamination with mycotoxins
includes productivity reduction and organ damage
[36]. Animal feeds, including hay and straw, might
be contaminated during preharvest or drying
stages [37].

Milk supplies proteins, energy and essential micro-
nutrients. Consumption of even small amounts can
significantly increase nutritional security. It is there-
fore important that milk consumption is continu-
ously encouraged, and that the milk is made as safe
as possible. All age groups in Kenya widely consume
milk. Therefore presence of contaminants like afla-
toxin may pose serious health hazards for consumers
especially children. Results of this study will help
understand the provision of milk in the city and its
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safety standards for consumers. This will also inform
intervention strategies in reducing aflatoxins in milk,
which will reduce adverse effects of AFB1 in feeds to
the animals’ hence increasing productivity of the
cows. High productivity combined with acceptable
safety standards will bring a balance between food
safety and food security.

Conclusion

The results of this study show that AFM1 is present
in the milk in Kisumu, and the toxin of the chemical
indicates that it could be a public health concern.
Therefore, there is a need for monitoring of AFM1
in the raw milk and milk as well as identification of
interventions to reduce the effects of aflatoxins in the
feed and that are feasible to the farmers. It is foremost
important to prevent toxin production in feed, as well
as to create effective detoxification processes to
reduce prevalence of AFM1. Milk being the first
food for a child, appropriate measures should be
instituted to reduce exposure to aflatoxin M1, espe-
cially in young children who are highly vulnerable.
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