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ABSTRACT In this study, the Enzyme Linked Immuno-sorbent Assay (ELISA) was used to detect aflatoxin M1
(AFM1) detection in 118 milk samples from subsistence farms in selected rural areas in the Limpopo Province,
South Africa. This was designed to evaluate the possible health risks on individuals who are exposed to this
mycotoxin either through contact or consumption of milk that is contaminated. A further objective was to
quantify the levels of AFM1 using the RIDASCREEN® kit and to assess the effect of climatic conditions on AFM1
contamination in milk from two areas—Nwanedi, which is relatively dry and hot compared to Mapate, which is a
mountainous, hot and humid area. Results from this study showed that all the samples (100%) from cattle and goats
in both Nwanedi and Mapate were contaminated with AFM1. In addition, it was noted that 90.6 percent and 62.1
percent of the milk samples from cattle and seventy-six percent and 53.8 percent of those obtained from goat’s
milk in Mapate and Nwanedi respectively, had AFM1 concentrations > 0.05 μg/l. These results show that animal
nutrition did seriously influence the quality of milk in regard to AFM1 contamination. It was noted that animals
that were poorly fed had highly contaminated milk as compared to other animals. In addition, climatic conditions
did influence the quality of milk collected in both areas. Chronic exposure of the population and particularly
children to this contaminated milk, would have negative impacts on their health.

INTRODUCTION

Aflatoxin contamination in animal feed and
human food remains a major concern because it
has carcinogenic properties and is found world-
wide, especially in warmer and humid climatic
regions (Whitlow et al. 2010). The most common
toxins that are frequently detected include afla-
toxins B1 and B2, which contaminate mainly ce-
reals and aflatoxin M1 (AFM1), which is a hy-
droxylated metabolite of AFB1 and is excreted in
milk from cow that fed on diet, which is naturally
contaminated with aflatoxin B1 (AFB1) (Sorens-
en and Elbaek 2005). However, reference is fre-
quently made to aflatoxin B1, which is the most
prevalent and presents to be in the most toxic
form (Whitlow et al. 2010).

Aflatoxins are known to be mainly produced
in food and feed materials by Aspergillus flavus
and A. parasiticus, and at low levels by A. tam-
arii and A. nomius, as well as other emerging
fungal spp. including A. ochraceoroseus, A. ram-
bellii, Emericella astellata and E. venezuelen-
sis (Klich 2002; Vargas et al. 2002). Aspergillus
flavus and A. parasiticus (AF producers) mainly
contaminate cereals (maize) and nuts (peanuts)

and their by-products including animal feeds
(Pitt and Hocking 1997; Klich 2007; Mwanza
2007). AFM1 was initially classified by the Inter-
national Agency for Research on Cancer (IARC)
as a group 2B agent that is carcinogenic to hu-
mans (IARC 1993) due to lack of data. However,
following further investigations that demonstrat-
ed in vivo the genotoxicity and cytotoxicity of
AFM1 (Caloni et al. 2006), the toxin has since
been classified as a group 1 human carcinogen
(IARC 2002).

The importance of AFM1 can be evaluated
after considering the quantity of milk and milk
products consumed daily. Moreover, they are of
primary importance in infants’ diet around the
world (EC 2002). In South Africa, the agricultural
sector is divided in two and these include the
commercial farming that mainly constitutes rich
farmers who are most often supported by the
government. The rest is small-scale farming
wherein ninety-five percent of the rural Black
population is involved. There is no clear bound-
ary between these two types of farming and ac-
tivities. For example, farmhouse cheese making
is not strictly a formally regulated activity. The
basis of the test was the antigen-antibody reac-
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tion. The wells in the microtiter strips were coat-
ed with specific antibodies to AFM1 and after a
washing step, the enzyme conjugate is added.
Free AFM1 and AFM1 enzyme conjugate com-
peted for the AFM1 antibody binding sites (com-
petitive enzyme immunoassay). Any unbound
enzyme conjugate is then removed in a washing
step. Substrate or chromogen was added to the
wells and incubated. Bound enzymeconjugate
converts to colorless chromogen into a blue
product. The additions of the stop solution lead
to a color change from blue to yellow. The mea-
surement was made photometrically at 450 nm
and the absorption is inversely proportional to
AFM1 concentration in the sample.

The aims and objectives of this study were
to evaluate the level of AFM1 contamination in
milk obtained from cows and goats consumed in
selected rural areas of the Limpopo Province and
to evaluate their possible health risks in regards
to current legislations.

METHODOLOGY

Quantitative analysis was performed to de-
tect AFM1 using a competitive ELISA test kit
(RIDASCREEN® Aflatoxin M1 30/15) obtained
from R-Biopharm AG, Darmstadt, Germany. A to-
tal of 118 fresh milk samples that comprised 55
from Mapate (30 and 25 samples from cattle and

goats, respectively) and 63 from Nwanedi (37
from and 26 samples from goats, respectively)
were collected directly from animals and placed
in sterile containers. The samples were stored in
a deep freezer until further analysis. Aflatoxin
M1 analysis was performed according the man-
ufacturer’s instruction.

The percentage absorbance was calculated
using the formula:

Absorbance of standard (or sample) x100
Absorbance of zero standard

The zero standards were co-samples concen-
trations were calculated using the calibration
curve (Fig. 1) equal to one hundred percent and
the absorbance values were quoted in percent-
ages of the aflatoxin M1 concentration of con-
trols obtained from controls concentrations and
absorbance.

Data obtained from the geographic regions
was analyzed and compared by a t-test using
Sigma Stat 3.10. Mean values were deemed to be
significantly different if the level of probability
was < 0.05. The graphs were plotted using Sig-
ma Plot 10.0.

RESULTS

Results from this study showed the incidence
of one hundred percent in all samples analyzed
for being contaminated with AFM1 for both cat-

Fig. 1. Calibration Curve for the determination of aflatoxin M1 in milk samples
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tle and goats from both Nwanedi and Mapate
areas (Table 1). Mean concentrations of AFM1
were higher in milk obtained from cattle with 0.092
and 0.073 μg/l and for goat’s milk 0.064 and 0.061
μg/l respectively, from Mapate and Nwanedi ar-
eas (Table 1). In addition, it was noted that 90.6
and 62.1 percent for cattle and seventy-six and
53.8 percent for goat’s milk obtained respective-
ly from Mapate and Nwanedi had AFM1 con-
centrations > 0.05 μg/l. Significant differences
(P< 0.05) were observed between cattle and
goat’s milk concentrations within and between
both sampled areas (Table 2).

DISCUSSION

The main aim of this study was to determine
the level of contamination with AFM1 in milk
samples obtained from cattle and goats in two
rural communities. Aflatoxin M1 (AFM1) was
detected in milk samples from both sample areas
(Nwanedi and Mapate). It is therefore suggest-
ed that presence of this toxin (AFM1) in the sam-
ples from these areas might result from the fact
that the animals may have been exposed to feed
contaminated with Aspergillus flavus and A.
parasiticus (Mwanza 2007, 2012). Aspergillus
contamination is regarded as a storage problem
(Pittet 1998) and may also contaminate plants
on the field (Pitt and Hocking 1997). This is more
common during drought stress and low soil mois-
ture content (Klich 2002). Aspergillus parasiti-
cus and A. flavus are known to be producers of

aflatoxins B1, B2, G1 and G2 (Pitt And Hocking
1997, Egbuta et al. 2015). Figure 1 illustrates the
standard curve of AFM1 standards using the
competitive ELISA, in which a concentration
dependent decrease in percent maximum absor-
bance at 450 nm was observed. These results
show a sensitivity of the ELISA immunoaffinity
method to AFM1 (Table 1) with detection of
AFM1 in all milk samples tested. Results ob-
tained in this study are in accordance with those
of a previous report in which the toxin was de-
tected in milk from dairy cows in a rural commu-
nity (Sassahara et al. 2005). Results obtained in
this study are similar to those reported by Ras-
togi et al. (2004), Torkar and Vengus (2008) Dashti
et al. (2009), Nuryono et al. (2009), Fallah (2010)
Iha et al. (2011), Buldu et al. (2011) and Mwanza
et al. (2015), who used the same method and
found that eighty-seven, ten, 56.9, 57.5, 67.1,
eighty-four and sixty-three percent respective-
ly, of positive to AFM1 contaminated samples
among investigated raw milk. Similar results have
been also reported in raw dairy milk in Bakirci
(2001), Sarmelnetoglu et al. (2004) and Siddappa
et al. (2012). The difference of results obtained
from these two areas might be explained by the
weather difference between these two regions
characterized as hot, humid with high rainfalls
area for Mapate area whereas the weather in
Nwanedi is hot but dry with low rainfalls (Mwan-
za 2007). These results are also confirmed by
Cano-Sancho et al. (2010) and Mwanza et al.
(2014) who in a study done on milk samples col-

Table 1: Incidence and ranges of aflatoxin M1 contamination in raw milk using the ELISA Methods

Area of collection Animal species Number of Incidence      Range    (%) samples
samples (n)     (%) (μg/l)(Mean     > 0.05 μg/l

concentrations)

Mapate Cattle 30 100 0.02-0.15(0.092) 23 (90.6)
Goats 25 100 0.02-0.10(0.064) 19 (76.5)

Nwanedi Cattle 37 100 0.03-0.11(0.073) 23 (62.1)
Goats 26 100 0.02-0.09(0.061) 14 (53.8)

Detection limit 0.2 μg/l

Table 2: Summary of aflatoxin M1 contamination in raw milk samples based on the ELISA assay

Area of Specie Sample Level of                 Distribution of samples (n)
collection tested (n)  positive
samples (%) <0.05 0.05-0.1 >0.1 (μg/l)

Mapate Cattle 30 100 7 (23.3%) 20 (66.7%) 3 (10.0%)
Goats 25 100 6 (24.0%) 19 (76.0%)              0

Nwanedi Cattle 37 100 14 (37.8%) 12 (32.4%) 11(29.7%)
Goats 26 100 12 (46.2%) 14 (54%) 0
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lected in the North West Province showed a very
low concentration of AFM1 (< 0.05 μg/l) and the
reason was more due to climatic conditions char-
acterized by hot and dry with as consequence
low fungal contamination. This situation affects
mostly feed quality in Mapate, because the high
humidity often leads to crop contamination by
Aspergillus flavus, A. graminearum and A. Par-
asiticus, which were found to produce AFB1 and
AFB2. Aflatoxin B1 subsequently metabolized
into AFM1 (Klich 2007; Egbuta et al. 2015a). In
addition, the presence of AFM1 in milk samples
might be explained by the consumption by ani-
mals of feed naturally contaminated with afla-
toxin B1 mycotoxins, as mentioned above but
also the attitude of farmers who feed poor qual-
ity feed to animals (Mwanza 2007). Animal con-
sumption of non-treated feed may lead to higher
toxicity than the feeding of diets containing
equivalent amount of purified mycotoxins (Whit-
low et al. 2010). The natural contamination of
the feed is probably due to the late harvesting
or improper storage of the crops used for pre-
paring of animal feed as was observed in the
study.

The higher contamination levels of AFM1 in
cattle samples as compared to goat samples
might be explained by the amount of feed con-
sumed by cattle in comparison to goats. In addi-
tion, the mean values of AFM1 obtained in this
study were above the levels of 0.05 μg/l for afla-
toxin M1 as regulated by the European Union
and South Africa (Price et al. 1993; Mwanza et al.
2013). So far, no official legislation for AFM1 has
been established in South Africa. Regardless of
there being a government regulation number
R313 dated 16th February 1990, which gives some
limitations at 10 μg/kg upper limits for aflatox-
ins, but with lower limit of 5 μg/kg for AFB1 in
foodstuffs (Mwanza et al. 2013). This high con-
tamination level of milk with AFM1 is a risk for
rural populations in Limpopo province and South
Africa regarding to chronic diseases such as
liver cancer and kidney failure and primarily in
kids. It is known that aflatoxin B1 is the most
important contaminant of crops, and AFM1 is a
biotransformation product of AFB1 (Stoloff 1971;
Mwanza et al. 2013) and the results obtained in
this study indicate high levels than the pre-
scribed limit. It is important to mention that stud-
ies conducted have shown that the amount of
AFM1 excreted in cow milk varies from one to
three percent of the amount of AFB1 ingested

(Sassahara et al. 2005; Mwanza et al. 2013). This
allows estimating from the AFM1 results obtained
in this study the possible amount of aflatoxin B1
to which animals were exposed.

The statistical evaluations showed that there
were significant differences (p<0.05) between the
means concentrations of AFM1 in milk samples
tested with the ELISA methods. No statistical
differences were found between samples col-
lected in Mapate and Nwanedi or between sam-
ples from cattle and samples from goats (p<0.05).

CONCLUSION

This study reveals the level of aflatoxins ex-
posure of rural populations and animals and
suggests a need to introduce safety measures
in rural areas in terms of the harvesting period
and proper storage conditions. The study shows
that highest incidences of Aflatoxins M1 were
observed in cattle milk samples from Mapate as
compared to Nwanedi because of high humidity,
which favor fungi growth. The presence of fu-
monisin B1 in milk samples reveals that either
animals are exposed to high concentrations of
contaminated feed or they are exposed to con-
taminated feed for long periods. This is the case
in rural areas of the Limpopo Province. It has
been noted that rural populations consume this
milk daily and this is hazardous in case of con-
sumption of more than 5 μg/l of aflatoxin M1
with consequences of nephritic lesions and kid-
ney failure especially in children or hepatotoxi-
cosis among the adult population. Also, the pres-
ence of fumonisin B1 in milk samples, which is
unusual, is an indicator of either long period of
exposure to this mycotoxin or high levels of feed
contamination.
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