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CLINICAL RESEARCH ARTICLE

Occurrence of aflatoxin M1 in raw milk traded in peri-urban Nairobi, and the
effect of boiling and fermentation
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Kenya; bDepartment of Biosciences, International Livestock Research Institute, Nairobi, Kenya; cDepartment of Clinical Sciences, Swedish
University of Agricultural Sciences, Uppsala, Sweden; dZoonosis Science Centre, Uppsala University, Uppsala, Sweden

ABSTRACT
Background: Dairy production in Kenya is important and dominated by small-holder farmers
who market their produce through small-scale traders in the informal sector.
Method: This study aimed to determine the prevalence of aflatoxin (AFM1) in informally
marketed milk in peri-urban Nairobi, Kenya, and to assess knowledge of milk traders on
aflatoxins using questionnaires. A total of 96 samples were analyzed for AFM1 using enzyme-
linked immunosorbent assay. In addition, boiling and fermentation experiments were carried
out in the laboratory.
Results: All samples had AFM1 above the limit of detection (5 ng/kg) (mean of 290.3 ± 663.4
ng/kg). Two-thirds of the samples had AFM1 levels above 50 ng/kg and 7.5% of the samples
exceeded 500 ng/kg. Most of the traders had low (69.8%) or medium (30.2%) knowledge.
Educated (p = 0.01) and female traders (p= 0.04) were more knowledgeable. Experimentally,
fermenting milk to lala (a traditional fermented drink) and yogurt significantly reduced AFM1
levels (p< 0.01) (71.8% reduction in lala after incubation at room temperature for 15 h, and
73.6% reduction in yogurt after incubation at 45ºC for 4h). Boiling had no effect.
Conclusion: The study concluded that the prevalence of raw milk with AFM1 was high, while
knowledge was low. Fermentation reduced the AFM1 levels.
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Introduction

Milk is a good source of macro- and micronutrients
[1]. It is affordable and can help diversify diets in
developing countries [2]. The dairy sector in Kenya
makes up 40% of the agricultural gross domestic
product (GDP) and 4% of the national GDP [3].
Most of Kenya’s 3 million dairy herds are kept by
small-holder farmers who contribute 70% of the total
milk produced [4]. On average, these farmers own
between 1.2 and 2.0 hectares of land and keep about
two to five cattle heads, each producing 5–10 kg milk
per day [4–6].

Only 15% of the total produced milk is processed
and marketed through the formal channel. The remain-
der is either consumed on-farm or marketed informally
[4,6]. Informal distribution channels include direct sale
of raw milk from the farm to consumers and raw milk
sold to wholesale distributors, retailers, cooperative
societies, and self-help groups. Milk is mainly used in
preparation of tea or gruel but is also consumed raw,
after boiling and after fermentation [7].

With increased production and consumption of
milk and dairy products, there is concern about the
presence of hazards in milk and their effect on

human health. One such hazard is aflatoxin (AF)
[1]. Aflatoxins are secondary metabolites of
Aspergillus flavus, Aspergillus parasiticus, Aspergillus
nomius, and other rarer species. The main classes of
aflatoxins are B1, B2, G1, and G2. Aflatoxin M1 and
M2 are hydroxylated metabolites of B1 and B2,
respectively. When an animal consumes feed con-
taminated by AFB1, part of it is degraded in the
rumen and the other part is rapidly absorbed and
metabolized into AFM1 in the liver. AFM1 is
absorbed into the blood and secreted in milk, urine,
and bile or further metabolized [8].

Both AFB1 and AFM1 are categorized as class 1
human carcinogens. However, AFM1 has been found
to be less genotoxic, mutagenic, and carcinogenic
compared to AFB1 [9]. AF is also a significant risk
factor in the occurrence of hepatocellular carcinoma
(HCC) in humans. Studies have established a correla-
tion between AF exposure through the diet and inci-
dence of HCC in different populations [10].

In children, chronic exposure to aflatoxins results
in growth retardation [11,12]. Immune suppression is
also experienced, and thus, children become more
susceptible to other diseases. Growth impairment,
especially stunting, has been observed, leading to

CONTACT Maureen M. Kuboka mmijide6@gmail.com Department of Food Science, Nutrition and Technology, College of Agriculture and
Veterinary Sciences, University of Nairobi, P.O Box 29053, 00625, Nairobi, Kenya

Supplementary data for this article can be accessed here.

INFECTION ECOLOGY & EPIDEMIOLOGY
2019, VOL. 9, 1625703
https://doi.org/10.1080/20008686.2019.1625703

© 2019 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://orcid.org/0000-0002-0195-9489
https://doi.org/10.1080/20008686.2019.1625703
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/20008686.2019.1625703&domain=pdf&date_stamp=2019-11-09


increased susceptibility to infections and cognitive
impairments which last beyond childhood [13].

Aflatoxin contamination is also a barrier to inter-
national markets where stringent regulations are
applied [13,14]. The European Union (EU) has set
the limit of aflatoxin B1 (AFB1) in feed for dairy cattle
to be 5 ng/kg, while the limit for aflatoxin M1 (AFM1)
in milk is 50 ng/kg. The Codex Alimentarius limit is
500 ng/kg [15], which is being adopted by Kenya.

The carryover of aflatoxins from feeds to milk
produced by animals can be reduced by good agri-
cultural practices and different control and mitigation
methods [16,17]. Physical and chemical methods
have been used in control of aflatoxins in food and
feed. However, uptake of these technologies has been
restricted due to cost, practicability, and implications
for safety and nutritional quality of the product [18].
Biological strategies are, therefore, considered as an
alternative to these methods. Lactic acid bacteria
(LAB) bind aflatoxins, reducing their bioavailability
in food products. LAB are also nutritionally beneficial
as probiotics [19,20].

A recent study in Kenya has estimated dietary
exposure to AFM1 in milk to be 0.2 ng/kg Body
Weight (BW) per day for an average adult [21].
Higher levels of exposure to AFM1 (of up to 6.5
and 8.8 ng/kg BW) have been reported in infants
and young children because of their increased milk
consumption relative to adults [22]. Individuals
involved in milk trading, including retailers, are
more likely to consume milk due to ready availability
and thus may be at a greater risk of exposure to
AFM1 [23].

The informal marketing channel is growing and
reaches a wide population, especially due to conve-
nience and cost-effectiveness [4,5]. Informal traders
are, therefore, important stakeholders and play a
pivotal role in the dairy value chain. This study was
done to determine the occurrence of AFM1 in infor-
mally marketed milk in a peri-urban area of Nairobi,
assessed knowledge of aflatoxin among the traders
involved, and evaluated the effect of fermentation
and boiling on the concentration of AFM1.

Methodology

Study site

The study had two parts: field survey and an experi-
mental (fermentation and boiling trials). The field
study was conducted in Kasarani sub-county,
Nairobi County, Kenya, in June 2018. Kasarani is a
peri-urban sub-county administratively divided into
five wards, with an estimated human population of
525,624 [24]. Kasarani was chosen because of the
intensive small-scale dairy farming activities that
take place in the area, as reported by officials from

the Ministry of Agriculture Livestock and Fisheries.
In addition, an intervention involving the use of
aflatoxin binders and training on milk safety had
been conducted in the area.

Sampling and sample size determination

A cross-sectional study design approach was used for the
survey. The sample size (n = 96) was calculated using
Fischer’s formula. The expected (p) prevalence of sam-
ples exceeding 50 ng/kg AFM1 was assumed to be 50%,
with a desired normal deviation of 1.96 which corre-
sponds to 95% and a 10% degree of precision [25]. A
list of informal milk traders operating in Kasarani ward
was established through the help of the sub-county
administration, and 96 traders were randomly selected
from the list, including on-farm milk kiosks (shops sell-
ing milk produced within the same place), dairy shops
(shops either selling milk exclusively or other goods
together with milk), milk ATMs, and street vendors
(milk stands along streets). Milk ATM is a Kenyan
term for automated milk dispensing machines which
allows consumers to purchase milk in quantities they
can afford. Milk is dispensed through a nozzle in units
as small as 100 ml. The machine should have an in-built
refrigeration system maintained between 5°C and 10°C,
although this is not always the case.

Data collection

Traders were interviewed face-to-face either in
English or Swahili depending on the preferred lan-
guage, using pretested semi-structured questionnaires
(Supplementary material). Informed consent was
obtained prior to the interview. Questions were
related to business characteristics of the trader (level
of education, role in the business, sources of mar-
keted milk, volume sold, price of buying and selling,
etc.), knowledge of aflatoxins and willingness to pay
for milk with reduced aflatoxins, and milk consump-
tion practices (consumption of milk in the trader’s
household and consumption of milk by children
between 6 months and 3 years in the household). A
set of 10 questions was used in assessing knowledge
of aflatoxins. Milk samples were collected from the
interviewed traders, but where milk was not present
at the time of the interview, the team recorded details
of the outlet and requested that a sample be put aside
from the next batch to be received and the sample
was collected the following day. Samples were col-
lected in sterile 50 ml tubes and transported in cool
boxes to Biosciences for east and central Africa,
International Livestock Research Institute (BecA-
ILRI) laboratories within 8 h, where they were stored
at −20ºC before analysis.
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Laboratory experiment

The milk used in the experiments was obtained from the
University of Nairobi veterinary farm in Kanyariri,
Lower Kabete, Nairobi. Two different raw-bulk samples
were obtained, one for fermentation and one for boiling.
The samples were drawn in sterilized 50 ml tubes and
analyzed for AFM1 before the start of the experiments.

Boiling
Boiling of milk was conducted according to the descrip-
tion given by the traders as follows. Briefly, 2 l of milk
was heated until it started to boil, and the heat was then
turned down so that the milk was boiling at low heat
until steady bubbles and foam formed. A stirrer was used
to break up the foam and allow the steam to escape. After
this, the milk was allowed to boil for 2 min with constant
stirring. After cooling to 23°C, the milk was stored at 4°C
for 7 days. Samples were taken immediately after boiling,
after cooling to 23°C, and after storage at 4°C on days 1,
2, and 7.

Fermentation of yogurt
Milk was pasteurized at 90ºC for 30 min and then cooled
to 43ºC. Yogurt starter culture (Lactobacillus delbrueckii
ssp. bulgaricus and Streptococcus salivarius ssp. thermo-
philes) was added (YF-L903, Thermophilic Yoghurt
Culture -Yo Flex®, Batch No. 2402687, CHR Hansen).
The sample was incubated at 45ºC for 4 h. The milk was
then cooled overnight to 3–4°C and then stored at 4ºC
for 7 days. The pH was measured after incubation and
during sampling on days 1, 2, and 7 at 4ºC using a pH-
meter (MetroHM 632-pH Meter, Type 1.632.00,
Number 6HI/265 made in Switzerland). Samples were
drawn after pasteurization, after cooling to 43°C, after
incubation, after overnight cooling, and after storage on
days 1, 2, and 7. The samples were stored at −20°C until
the day of AFM1 analysis. Samples were analyzed in
triplicate.

Fermentation of lala
Lala is sour milk, made either traditionally by natural
fermentation process or commercially made by add-
ing mesophilic culture. In this experiment, mesophi-
lic culture was used. Milk was pasteurized at 90ºC for
30 min and then cooled to 23ºC. Lala starter culture
(Streptococcus lactis and Leuconostoc mesenteroide
ssp. mesenteroides) was added (CHN-22, Mesophilic
Aromatic Culture -Yo Flex®, Batch No. 3399963).
This was incubated at room temperature for 15 h.
The milk was then cooled overnight to 3–4ºC and
stored at 4ºC for 7 days. The pH was measured after
incubation and after storage on days 1, 2, and 7 at
4ºC. Samples were drawn after pasteurization, after
cooling to 23ºC, after incubation, and after storage on
days 1, 2, and 7 at 4ºC. Samples were stored at −20ºC

until the day of analysis. Samples were analyzed in
triplicate.

Aflatoxin M1 assays

Quantitative detection of AFM1 for all raw milk
samples and fermented samples was done using com-
petitive enzyme-linked immunosorbent assay kit
(Helica Biosystems Inc., Santa Ana, CA, USA, catalog
no. 961AFLM01M-96) following the manufacturer’s
instructions.

The kit had a limit of detection of 5 ng/kg, and the
highest standard was 100 ng/kg. Samples that
exceeded this limit were diluted with skim milk pro-
vided with the kit and retested. Optical density was
read at 450 nm using a microplate reader. AFM1
levels for the samples were quantified using a loga-
rithmic standard curve generated using optical den-
sities of standards with R2 readings above 97%.

Statistical analysis

Data obtained were entered in Microsoft Excel and
analyzed using Genstat (version 15.1) and IBM SPSS
(version 20) statistical tools. A knowledge score was
computed as a percentage of the sum of correct
description and positive responses to the questions.
Respondents with absolutely no information on afla-
toxins got a score of zero which was upscaled to 1 to
avoid corner point solution. Knowledge of aflatoxins
was categorized into three: high knowledge, medium
knowledge, and low knowledge. Based on the percen-
tage scores, low knowledge was computed to be
between 10% and 37.5%, while high knowledge scores
were above 75% [26,27]. Descriptive statistics includ-
ing arithmetic means (±standard error), minimum
and maximum values, and frequencies were used.
Chi-square tests were used to assess the associations
between categorical variables. One-way analysis of
variance was used in multiple mean comparisons. p-
Value of <0.05 was considered significant in all sta-
tistical comparisons.

Results

Milk distribution and consumption

A total of 96 respondents were interviewed, women
comprised 52% while 48% were men. Businesses
identified in our study included on-farm shops or
kiosks (41.1%), dairy shops (38.9%), milk dispensing
machines (ATMs) (15.6%), and street vendors (4.4%).

Most traders (64.8%) sourced milk from distribu-
tors located in distant areas of the country including
Embu, Murang’a, Mount Kenya, Limuru, Kinangop,
Kerugoya, and Nyeri. Other traders obtained milk
directly from nearby farms alone (27.5%), farms
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and/or distributors (3.3%), dairy shops (2.2%), and
aggregation centers (2.2%).

There was no significant difference in buying price
of milk from the different sources (farms, distribu-
tors, dairy shops, aggregation centers, and farm and/
or distributors) (p = 0.75). Prices are given in Kenyan
Shilling (KES), where 1KES = 0.01 USD in 2018. The
highest mean buying price was KES 52.18 ± 0.43 for
milk sourced from distributors, and the lowest was at
KES 47.5 ± 7.50 obtained directly from dairy farms.
On average, the traders sold 78.25 ± 10.61 (median =
50, range = 797) liters of milk in a day, at KES 62.71
(±0.53) per liter (median = 65, range = 30).

An average household size had four members
(median = 4, range = 9) and consumed an average
of 1.57 ± 0.14 (median = 1.00, range = 9.75) liters of
milk in a day. Table 1 shows the different forms of
milk consumed in the traders’ households and by
children between the age of 6 months and 3 years
within the household.

Milk safety and knowledge of aflatoxins

According to the traders, milk safety can be judged by
senses, mainly by sight and taste (52.6%). A number of
traders (44.3%) thought that senses alone cannot be
used to judge the safety of milk, while some traders
(3.1%) said quick tests such as lactometer test could
showwhether the milk is safe or not. Most of the traders
(76.9%) stored their milk at refrigeration temperatures
between 5 and 10ºC prior to selling, in milk dispensers
(which have in-built refrigeration system), or in normal
refrigerators. Some traders (16.5%) stored milk in clear
plastic buckets where they could be seen by potential
customers while others used aluminum cans (5.5%) or
stored their milk in cold places (1.1%) which included
cold areas within the room or immersing containers
with milk in cold water. Some traders (43.8%) reported
having milk spoilt from time to time. Of these, 45.5%
discarded the milk, 15.9% gave the milk to animals such
as calves, pigs, and dogs, and 18.2%made lala out of the
milk. Traders, especially those with a direct connection
with the suppliers (20.5%), were able to alert their
suppliers whenever there were cases of spoilage and
where possible the product was returned to the supplier.

Though 68.4% of the traders had heard about
aflatoxins, of these, only 26.8% could correctly
describe aflatoxins, 57.7% gave incorrect description,
while 15.5% had no idea completely what aflatoxins
are. The highest knowledge score was 65% so no
trader was categorized as having high knowledge,
while 69.8% and 30.2% of the traders demonstrated
low and medium knowledge levels, respectively.
There was no association (p = 0.64) between the
wards where the respondents came from and their
awareness on aflatoxins. Individuals that had attained
secondary and college level education were signifi-
cantly more aware of aflatoxins than those with pri-
mary level education and those with no education at
all (p = 0.015) (Figure 1). Women traders (46 out of
96) demonstrated significantly more knowledge than
men (p = 0.04).

Aflatoxin M1 in milk

Samples from the trader shops
A total of 96 raw milk samples were collected and
analyzed for AFM1. All samples collected were con-
taminated with AFM1. The mean level of AFM1 in
milk was 290.3 (±663.4) ng/kg. The minimum level
detected was 15.4 and the maximum was 4563 ng/kg.
Of the samples analyzed, 66.4% were above 50 ng/kg
which is the legal limit allowed by the EU, while 7.5%
of the samples exceeded 500 ng/kg, the legal limit
allowed by the Food and Drug Administration of
the USA. The means are summarized in Table 2.

Boiling
There was no significant change in AFM1 levels after
boiling and during storage in days 1 and 2 (p = 0.42).
However, there was significant change after 7 days of
storage (p-value = 0.016) (Table 3) .

Fermentation of yogurt and lala
The pH of yogurt was 4.4 after incubation and
reduced to 4.0 after day 7 at 4ºC. The pH of lala
was 4.6 after incubation and reduced to 4.2 after day
7 at 4ºC. There was a significant reduction in AFM1
during lala and yogurt processing (p < 0.01). After
incubation, 71.8% reduction in AFM1 level was
recorded for lala as compared to 73.6% reduction
for yogurt. There was no significant difference in
the reduction of AFM1 in both lala and yogurt dur-
ing storage. The mean levels of AFM1 during the
processes of production are presented in Table 3.

Discussion

This study was conducted to evaluate the presence of
AFM1 in informally marketed milk and the effects of
processing through fermentation and boiling on the
concentration of AFM1. Dairy actors in Kenya include

Table 1. The different forms of milk consumed by the house-
hold and children between 6 months and 3 years of age.

Form of milk consumed
Percentage for the

household
Percentage
for children

Raw milk only 2.1 6.7
Boiled milk only 4.1 26.7
Made in tea/porridge only 42.1 13.3
Boiled milk and made in tea/
porridge only

35.8 40.0

Boiled milk, fermented milk
products, and made in tea

6.3 10
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dairy cooperatives, wholesale and retail traders in dairy
shops, and itinerant traders such as hawkers.
Cooperative societies are an integral part of the milk
marketing system in Kenya. Small-holder farmers orga-
nize themselves in groups where their milk is collected,
bulked, and distributed to the bigger processors and high
potential markets such asNairobi [28]. This explains why
distributors have become a chief source of milk in peri-
urban centers such as Kasarani.

Farm shops or kiosks are popular in informal set-
tings because they allow personal interaction between
the producer and consumer, thereby establishing trust
[29]. A number of street vendors declined to participate
in the study in fear of any possible legal implications

since they are unlicensed; they are, therefore, under-
represented in this study.

Milk dispensing machines (ATMs) have become
popular in peri-urban centers in Kenya. This is because
of convenience, as consumers are able to access milk in
economic packages depending on their purchasing
power [30]. Moreover, the Kenya Bureau of Standards
discourages the sale of raw milk and promotes the sale
of pasteurized milk either packaged or sold through
ATMs [31]. While it is recommended that ATMs sell
pasteurizedmilk and aremaintained at 5–7°C, some sell
raw milk, as seen in this study.

Generally, there was low knowledge of aflatoxins
among milk traders. Similar results were found among
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Figure 1. Aflatoxin knowledge scores for milk traders with varying education levels, Kasarani sub-county, June 2018.

Table 2. Mean levels of AFM1 in milk (ng/kg) sourced from farms, dairy shops, and distributors and for different business types,
Kasarani, June 2018.
Source Mean ± SE Type of business Mean ± SE

Farm (25) 627.5 ± 238.19a Milk kiosk (37) 269.5 ± 68.00a

Dairy shop (1) 28.8 ± 0.00b Dairy shop (34) 139.9 ± 31.28a

Distributors (59) 146.7 ± 19.85ab Milk ATM (13) 175.3 ± 46.98a

Farm and distributors (3) 179.6 ± 136.63ab Street vendor (4) 246.9 ± 102.35a

Aggregation centers (1) 127.8 ± 0.00ab

Values with different superscript letters show significant difference, while same superscript letters show no significant difference at p < 0.05.

Table 3. Mean AFM1 levels (ng/kg) during fermentation and boiling processes.
Stage of sampling Mean aflatoxin levels ±SE Range

Lala fermentation Raw 307.4 ± 36.29b 108.87
Pasteurized 379.3 ± 13.41c 48.14
Cooled to 23°C 334.1 ± 2.43b 21.58
After incubation 86.7 ± 2.65a 7.96
After day 1 at 4°C 89.3 ± 0.89a 2.67
After day 2 at 4°C 83.9 ± 0.78a 2.50
After day 7 at 4°C 94.2 ± 4.01a 12.02

Yogurt fermentation Raw 307.4 ± 36.29b 108.87
Pasteurized 379.3 ± 13.41c 48.14
Cooled to 43°C 334.0 ± 2.43b 7.39
After incubation 90.8 ± 1.17a 3.51
After overnight cooling 96.1 ± 2.23a 3.88
After day 1 at 4°C 93.9 ± 0.0a 1.01
After day 2 at 4°C 79.4 ± 1.36a 4.13
After day 7 at 4°C 81.0 ± 1.21a 3.64

Boiling Raw 127.8 ± 29.07a 89.7
Immediately after boiling 166.5 ± 13.38d 45.16
Cooled to 23ºC 134.6 ± 7.17d 19.08
Boiled milk after day 1 at 4ºC 141.1 ± 5.57d 17.69
Boiled milk after day 2 at 4ºC 147.3 ± 4.13d 17.37
Boiled milk after day 7 at 4ºC 70.96 ± 9.18a 27.54

Values with different superscript letters show significant difference, while same superscript letters show no significant difference at p < 0.05.
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dairy farmers by Kiama and others [32]. The education
level of traders was significantly associated with knowl-
edge of aflatoxins. This confirms a previous study by
Limbikani and others [27]. More educated individuals
have been seen to be more aware of food safety risks
brought about by chemical hazards such as pesticide
residues [33]. Poor knowledge of aflatoxins affects the
adoption of technologies for the management of aflatox-
ins [34]. Higher knowledge of aflatoxins among women
as compared to men is possibly because of their key role
in food production and household food security [35].

The mean level of AFM1 in the milk was higher
than those reported in some previous studies in
Nairobi [11,23,36]. It, however, was lower than
found in one study in Kenya in 2016 [37]. Variation
in AFM1 could be linked to milk originating from
areas of different agroecological conditions and hus-
bandry practices. Conditions of high humidity pro-
vide a good environment for the growth of fungi and
production of mycotoxin in feed and feed ingredients
[37,38]. Accessibility to feed in different regions and/
or seasons may also be part of the variation of afla-
toxin levels observed in milk [36], which results in
some farmers using feed concentrate and stored feed
other than green forage which is a factor in AFM1
contamination in milk [39].

While boiling has been little studied before, pas-
teurization has been studied and seen to bring about
no significant change in AFM1 level. In our study,
boiling and storage of milk at 4°C for 1 and 2 days
did not reduce the level of AFM1. This was expected
as aflatoxins are known to be heat stable [40,41].
However, after 7 days, there was a significant change
in AFM1 concentration which could potentially be
explained by initial stages of natural fermentation of
the milk during storage.

LAB used in milk fermentation have been proven for
their ability in binding aflatoxins [41,42]. Thermophilic
(Lactobacillus bulgaricus and Streptococcus thermo-
philes) and mesophilic (S. lactis and Leuconostoc mesen-
teroides) culture for yogurt and lala, respectively,
demonstrated the ability to bind AFM1. El Khoury
recorded 87.6% binding in Phosphate Buffer Saline
(PBS) medium after incubating for 14 h at 37°C and
46.7% binding in milk after incubating for 6 h at 42°C
[42]. Shigute and Washe [43] noted 54% decrease dur-
ing fermentation using a stock of LAB culture, includ-
ing L. bulgaricus, S. thermophiles, and L. mesenteroides
after incubation for 5 days at 20–30°C. A gradual
decrease in pH was also noted. In their study,
Adibpour and others [44] noted that with an increase
in storage time at 4°C, AFM1 binding increased, which
was not the case in our study.

There are various factors that affect the process of
fermentation, among them are incubation period,
temperature of incubation, and pH of the medium
[45]. At 4ºC, though the bacterial cells remain viable,

their activity is reduced since the temperature is
below the minimum required for growth; fermenta-
tion rate is, therefore, reduced [46,47]. This possibly
reduces the ability of the cells to efficiently bind the
toxin. The mechanism for decontamination of milk
by LAB has not been fully understood. However,
some studies have suggested the ability of the toxin
to bind to the cell wall of the bacteria during fermen-
tation. Polysaccharide and peptidoglycan components
of the cell wall play a major role in this [19].

Conclusion

The informal milk sector is dominant in Kenya,
mostly made up of small-holder farmers who sell
their milk through cooperative societies who then
distribute the milk. Milk traders are important agents
in the milk value chain, yet most of them have low
knowledge of aflatoxins. In the survey, we found
levels of AFM1 above the recommended limit of 50
ng/kg which may bring about health implications
over a long period, even though these are not fully
understood [48].

Thermophilic and mesophilic cultures used in
milk fermentation have demonstrated the ability to
bind AFM1 and reduce milk contamination.
Incubation temperature and time are important in
the reduction of AFM1 level. Boiling of milk, which
is a common practice among households, only
destroys bacterial cells and not aflatoxins in the milk.

It is important to raise awareness and education
on aflatoxins across the general public and identify
appropriate technologies to reduce AFM1 contamina-
tion in milk.
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