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Abstract

Objectives: This study was conducted to analyze milk samples, for chemical composition and detection of
aflatoxins M1 in Gedarif town, East Sudan.

Methods: One hundred milk samples were collected randomly; 35 samples from farms, 35 samples from sale
points and 30 samples from groceries in Gedarif town. Milk-Kana was used for determination of fat, solids not
fat, lactose and protein, freezing point, density and added water and Unisensor kits were used as screening
method for detection of aflatoxin M1.

Results: The collected milk samples showed lower content of fat (3.4+1.3%, 3.4+1.3% and 3.5+1.25%), solids
not fat (7.7£1.1%, 8.1£1.7% and 8+1%), lactose (4.2+0.6%, 4.4+0.8% and 4.3+0.5%) and protein (3+0.4%,
3+0.5% and 3%0.4%). Relatively, the freezing point and density of milk revealed few variations in the
examined samples. Moreover, the added water was high in the samples collected from the farms and sale
points compared to those from the groceries. The occurrence of aflatoxin M1 was found in 22 (27.50%) of the
milk samples. The presence of aflatoxin contamination was high in milk samples collected from sales points
(15.0%) followed by farms (11.25%) compared to those obtained from groceries (1.25%).

Conclusions: The presences of aflatoxin in the milk samples might indicate that the cow milk was
contaminated with aflatoxins through feed. Hence this study recommended that good hygienic practices
should be considered in Gadarif town. Similarly, regulations and lows for selling the milk should be
implemented by the official authorities.

Keywords: Milk; chemical composition; aflatoxins M1.
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1 Introduction

Fresh milk is considered as a complete diet because
it contains all the essential nutrients such as lactose,
fat, protein, minerals and vitamins in balanced ratio
rather than the other foods (Hossain and Dey,
2013). The composition of cows milk is of the
greatest importance for the dairy industry. Since its
processability is highly influenced by composition.
Knowing the composition of milk also helps to
assess adulteration and the quality of the milk for
consumers and milk processing industries
(Gurmessa Melaku, 2012). On average, bovine milk
is composed of 87% water, 4% to 5% lactose, 3%
protein, 3% to 4% fat, 0.8% minerals, and 0.1%
vitamins (Link mark-Mansson, 2003; Haug et al,,
2007; Hostmark et al., 2007).

Aflatoxins are toxic secondary metabolites of
moulds; A. sperigillus flavus and A. parasiticus that are
the main mycotoxin, which could be associated with
milk (Boudra et al., 2007; Ghorbanian et al., 2008;
Ozay et al.,, 2008; Abbes et al., 2012; Tha et al.,
2013; Sartori et al., 2015). Aflatoxins M1 and M2
are major metabolites of AFBl and AFB2,
respectively and are found in the milk of animals
that consume feed contaminated with aflatoxins
(Zinedine et al., 2007; Asi et al., 2012; Siddappa et
al., 2012; Darsanaki et al., 2013; Mohammed et al.,
2016). Moreover, Ali et al. (2014) found that the
concentration of AFM1 in Khartoum State was
affected by the source of concentrated feed but not
the farm size. This might be because most of the
important milk producing areas in Sudan has no
rigid systems of inspection on the farms and most
of the products of these farms are sold through
venders and groceries (Ahmed and El Zubeir, 2007).
Therefore, the incidence of AFM1 contamination
in milk from dairy cow must be considered a risk,
and raw milk should continually investigated and
surveyed with respect to AFM1 contamination
worldwide (Ketney et al., 2017).

The incidence of aflatoxin M1 (AFM1)
contamination in milk and milk products is a
serious health hazard for human worldwide. Thus,
the global monitoring of AFM1 in raw milk has
been ongoing for decades (Min et al., 2020). Several
surveillance and studies showed the occurrence of
AFMI1 in milk samples from France (Boudra et al.,
2007), Portugal (Duarte et al., 2013), Spain (Cano-
Sancho et al., 2010), Greece (Malissiova et al.,
2013), Italy (Bellio et al., 2016) and Turkey
(Unusan, 2006; Kabak and Ozbey, 2012; Sahin et
al., 2016). Also, several surveys have been
conducted on the occurrence of AFM1 in milk and

dairy products was reported in developing countries
such as Nigeria (Atanda et al., 2007), Iran (Kamkar
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et al., 2014), India (Shipra et al., 2004; Sharma et
al., 2020), Pakistan (Asghar et al., 2018), Saudi
Arabia (Bokhari et al., 2017), Kenya (Kang'ethe and
Lang'a, 2009; Kuboka et al, 2019), Tanzania
(Mohammed et al., 2016) as well as Sudan (Elzupir
and Elhussien, 2010; Ali et al., 2014; Fadlalla et al.,
2020; Yousof and El Zubeir, 2020).

Aflatoxins are potent toxic, carcinogenic,
mutagenic and  immunosuppressive  agents
produced as secondary metabolites by Aspergillus
flavus and Aspergillus parsisticus on a variety of food
products (Ozay et al.,, 2008). The levels of aflatoxins
contamination is a cumulative and therefore are
associated with acute and chronic toxicities to both
humans and animals (Otim et al., 2005; Gavrilova
et al., 2014; Patel et al., 2015; El Zubeir, 2023). The
higher occurrence of aflatoxin M1 in raw and
processed milk samples might have a negative
impact on public health, especially infants and
children who consumed large amount of fluid milk
(Fadlalla et al., 2020; Yousof and El Zubeir, 2020).
Because of the harmful effects of the aflatoxin in
humans and animals, good agricultural practices
and good manufacturing practices thoughout food
production chain should be adopted (El Zubeir,
2023). The good agricultural practices needed
include appropriate drying techniques, maintaining
proper storage facilities and taking care not to
expose grains or oil seeds to moisture during
transport and marketing (Magan and Aldred, 2007).
Hence the aim of the present study is investigating
and comparing the chemical composition and
occurrence of aflatoxin M1 in milk from farms, sale
points and groceries in Gadarif town.

2 Materials and Methods
2.1 Study area

The study was conducted in Gadarif State (Baladia
Locality) situated between latitude 12-17° North and
longitude 34-36" East, geographically it has a wide
variety as well as heavy rains, which range between
600- 900 mm during the year. The livestock is the
most important renewable resource in the state and
some of the state's population depend on it and
comes secondly after agriculture. The state is very
rich in livestock, which is estimated to 7% of the
total census of livestock in Sudan. The number of
livestock in Gadarif State is approximately five
million heads of different species, this increase to
seven million heads in the rainy season as the result
of movement of animals from the traditional
pastoral system in the prevailing system. According
to the Ministry of Animal Resources and Fishery of
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Gadarif State (MARF, 2011), the total number of
animals is estimated to be 3.896.134 head. Sheep
herds comprise about 48% of the total animal
number followed by goats (24%), cattle (24%) and
camels are about 4%.

2.2 Source of milk samples

One hundred samples of cows’ milk were collected
randomly from Gadarif locality from different
locations; 35 samples of raw milk were collected
from dairy farms; 35 samples of raw milk was
collected directly from sellers (sale points) and 30
samples of raw milk were collected from groceries.

2.3 Collection of milk samples

Raw bulk cows' milk samples were collected in the
afternoon during May to June 2018. After
collection, the milk samples were kept in an ice box
till the next morning, and then they were taken to
the laboratory of the Faculty of Agricultural and
Environmental Sciences for analysis of chemical
composition and detection of aflatoxin M 1.

2.4 Laboratory examination of milk samples

The raw cows' milk samples were subjected to
chemical composition analysis and detection of
aflatoxin M 1.

2.5 Chemical composition

The chemical composition including fat, solids non-
fat, protein, lactose, density, freezing point and
added water was performed using Milkana Express
Plus Analyzer (Milkana.... 8_10_2 Serial no. 701097
Express plus, Bulgaria), which is based upon ultra-
sound technology.

For milk analysis, about 15 ml sample were
taken to and every milk sample was first brough to a
temperature of 30-35 °C before testing. The milk
was then poured into a cylinder and placed under
the measuring rod of Milkana and the values for
milk contents are automatically displayed in the
digital screen in about 45 seconds.

2.6 Test for aflatoxin M1 detection

The Aflasensor kit 041 and its associated accessories
(Heatsensor, negative and positive standards,
deionized water) that were used in the present study
were produced by the Unisensor Company (Liege,
Belgium). It is a rapid (10 minutes at 40°C) test that
use for the quantification of aflatoxin M1 (AFM1)
in raw milk samples. The limit of quantification
(LOQ) of the aflsensor is 20 ppt with a range of
quantification up to 150 ppt. Aflsensor test requires
the wuse of microwells that containing a
predetermined amount of antibody lined to gold
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particles and a dipstick made up of a set of
membranes with specific capture.

The lines for a valid test include the upper red
(control line) that should be visible after second
incubation time (7 minutes). The test was done by
suspending 200 p1 of milk sample with the reagent
from microwell. A specific antibodies will bind the
analyses; if present; during the first incubation time
(3 minutes). When the dipstick is dipped into the
sample, the liquid starts running vertically on the
dipstick and passes through capture zones.

The development of a color at the test line
indicates that the sample is free of aflatoxin M1. On
the opposite, the presence of aflatoxin M1 in the
sample will not cause the appearance of the colored
signal at the test capture line. The concentration of
aflatoxin M1 present in the milk sample is based on
the intensity of the line color that should be started
from the bottom line of aflatoxin M1. The results
were directly interpreted by visual observation.
When the test line was darker in color like the
control line, the result was negative, which means
that at the given sensitivity of the test, the milk
samples contain no aflatoxin M1 or aflatoxin M1 at
a lower level than the value stated in the enclosed
aflatoxin M1 limit of detection. When the line was
as the same intensity or lighter in color than the
control line, the result is considered positive (+) and
the sample should contain higher concentration
than 100 ppt. When there was no test line at all, the
milk sample should contain higher concentrations
of aflatoxin M1 residues and considered as full
positive (++) as was described by UNISENSOR
(2013).

2.7 Statistical analysis

The data of milk composition was subjected to
statistical analysis using SPSS program (SPSS,
2008). The analysis has carried out after obtaining
results using ANOVA table of analysis for the
presentation of the results.

3  Results
3.1 Chemical composition

A total of hundred milk samples were collected
from three sources; namely farms (35), sale points
(35) and groceries (30) in Gadarif town. The means
and standard deviations of the fat content for the
milk samples collected from farms, sale points and
groceries revealed 3.4x1.3%, 3.4+1.3% and
3.5£1.2%, respectively (Table 1). However, the
minimum and maximum values results were 1.12
and 6.45%, 1.03 and 6.90% and 1.44 and 6.59%,
respectively as shown in Table 1. The means for
total solids content of milk samples were found as
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17.7+1.1%, 8.1x1.7% and 8+1%, respectively. The

minimum and maximum values revealed 5.4 and
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10.7%, 5.97 and 15.5% and 6.05 and 10.5%,
respectively (Table 1).

Table 1: Chemical composition of raw milk samples for farms, sale points and groceries in Gadarif town

Source of samples N Fat (%)

Solids not fat (%)

Lactose (%) Protein (%)

M+Sd Min Max Mz+Sd Min Max M+Sd Min Max Mz+*Sd Min Max

Farms 35 34+ 112 645 77+ 54 10.7 42+ 281 584 3+ 1.97 4.05
1.3 1.1 0.6 0.4

Sale points 35 34+ 103 690 81+ 597 155 44+ 329 6.73 3+ 226  4.68
1.3 1.7 0.8 0.5

Groceries 30 3.5+ 144 6.59 8«1 6.05 105 43+ 333 5.72 3+ 229 397
1.25 0.5 0.4

Total 100 3.4+ 1.03 690 7.9+ 54 155 4.3+ 2.81 6.73 3+ 1.97 4.68
1.3 1.3 0.7 0.4

M= Mean

N= number of samples
Sd= Standard deviation

Milk lactose showed 4.2+0.6%, 4.4+0.8% and
4.3+0.5% for means and standard deviations, while
the minimum and maximum values were 2.81 and
5.84%, 3.29 and 6.73% and 3.33 and 5.72%, for
the milk samples collected from farms, sale points
and groceries, respectively (Table 1). The means for
protein content of milk were 3+0.4%, 3.5% and

Min= Minimum Max= Maximum

3+0.4% and the ranges were 1.97-4.05%, 2.86-
4.68% and 2.29-3.97%, respectively (Table 1).

The freezing point for milk samples collected
from farms, sale points and groceries in Gadarif
town was found to range from -.666 to -.328° C (-
.503+.079 °C), -.726 to -.373 °C (-.524+.007 °C) and
(654 to -383 °C (-522+.099 °C), respectively
(Table 2).

Table 2: Physiochemical composition of raw milk samples for farms, sale points and groceries in Gadarif town

Freezing point (° C) Density (g/cm’) Added water (%)
Source of N Mz
samples M=+ Sd Min Max M=+ Sd Min Max sd Min Max
-503+ 0.025+ 10.6+
Farms » 079 666 -328 0003 0016 0034 1.6 20 41
. -524+ 0.026+ 10.6+
Sale points » .007 -726 - 373 0.005  0.003 0.040  10.4 00 59
. 522+ 0.026+ 8.7+
Groceries 30 099 . 654 - .383 0.003  0.020 0.034 8.2 00 5
Total 10 -.516+ 0.025+ 10.3+ 0.0
.088 ..726 -.328 0.004  0.003 0.040  10.3 : 41.1

M= N= number of samples M= Mean
Sd= Standard deviation Min= Minimum

The density showed ranges of 0.016 to 0.034 g/cm’
(0.025+0.003 g/cm’), 0.003 to 0.040 g/cm’
(0.026+0.05 g/cm’) and 0.020 to 0.034 g/cm’
(0.026+0.003 g/cm’), respectively (Table 2). Table 2
also showed that the mean and maximum values of
added water in the milk samples collected from
farms, sale points and groceries in Gadarif town
were 10.6£11.6% and 41.1%, 10.6£10.4% and
329% and 8.748.2 and 31.1%, respectively.

However, some milk samples showed no detection

of the added water (Table 2).

Max= Maximum

3.2 Aflatoxin M1 detection

The results of positive detection of aflatoxin in milk
samples collected from farms, sale points and
groceries in Gadarif town showed that about
27.50% of the milk samples were contaminated
with aflatoxin M1 (Table 3). The highest occurrence
of aflatoxin was found in the sale points (15.0%)
followed by those obtained from the farms (11.25%)
compared to those obtained from groceries (1.25%)
as shown in (Table 3).

Table 3: Occurrence of aflatoxin in raw milk samples collected form farms, sale points and groceries in Gadarif town

urce of samples Positive (20-150 PPt) Negative (>20 PPt) Total
Number Percent Number Percent Number Percent
Farms 9 11.25 24 30 33 41.25
Sale points 12 15.00 19 23.75 31 38.75
Groceries 1 1.25 15 18.75 16 20
Total 22 27.50 58 72.50 80 100

The milk samples showing strong positive (level 1)
contamination of aflatoxins were 6.25% and they

belong to the samples obtained from the farms.
However, the positive milk samples contaminated
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with aflatoxins from level 2 were 21.25%, of which 1.25% from groceries (Table 4).

5.0% from the farms, 15.0% from sale points and

Table 4: The levels of aflatoxin M1 in raw milk samples collected form farms, sale points and groceries in Gadarif town

Source of Strong positive (++) Positive (+) Total
samples N Percent N Percent N Percent
Farms 5 6.25 4 5.00 9 11.25
Sale points 0 0.0 12 15.00 12 15.00
Groceries 0 0.0 1 1.25 1 1.25
Total 5 6.25 17 21.25 22 27.50

Strong positive (100-150 PPt)

4  Discussion

This study showed that there was no significant
(P>0.05) differences in the results of fat, total solids,
lactose and protein content of cows' milk samples
collected from the three sources in Gadarif town.
This generally indicates the similarity of the milking
animals and their management. The chemical
composition of milk can be influenced by several
factors such as animal species and genetics,
environmental conditions, lactation stage, and
animal nutritional status (Caroli et al., 2010).

This study revealed that fat content of raw
milk samples collected from groceries was 3.5+1.2%
(Table 1), which was similar the findings reported
by Mohamed and El Zubeir (2007) who found that
the means fat content of milk in Omdurman and
Khartoum North were 3.75+1.07 and 3.46+1.17%,
respectively. However, Ahmed andEl Zubeir (2007)
reported  higher values; 4.54+0.59%  and
4.50£0.47%; for milk samples collected from farms
in Khartoum State during winter and summer,
respectively. The maximum values reported during
this study supported Bashir and El Zubeir (2013)
who reported 5.08£1.05% fat content for milk of
Baggara cattle (5.08+1.05%) in South Kordofan
State. Also, Elsheikh et al. (2015) found that milk
samples collected from Khartoum North and
Omdurman were 4.72+0.67% and 5.02+0.60%,
respectively. Moreover, Warsama et al. (2017)
showed significantly (P<0.001) higher fat (5.03%)
content of cows’ milk samples obtained during
winter in Khartoum State. The reported variations
could be attributed to difference in cows’ breeds,
location and feeding strategy. Similarly, Shuiep et
al. (2016) reported that variations between milk fat
content could be due to different management,
feeding regimes, production systems and breed of
cattle. They indicated that the local cows are
significantly (P<0.05) capable to produce higher
milk fat throughout their lactations. On the other
hand, Mirzadeh et al. (2010) found that fat content
was 3.90£0.97% in Iran, while, Eckles and Combs
(2004) reported that the average percent of fat in
milk was 3.8% in India and concluded that the

Positive (20-100 PPt)  Negative (>20 PPt)

milk fat is the most valuable constituent of milk
and should be considered as the food value of the
milk. Also, Pavell and Gavan (2011) reported that
nutrition, climatic conditions and regional
differences can be regarded as important sources of
variation in the composition of milk.

The solids not fat of milk samples collected
from farms (7.7+1.1%) showed lower values than
those obtained from sale points (8.1x1.7%) and
groceries (8+1%) as shown in Table 1. Similarly,
Pavell and Gavan (2011) reported 8.70% for SNF
content of milk during summer period in lactating
dairy cows. Mirzadeh et al. (2010) in Iran reported
that the average SNF content in raw milk produced
by dairy cow at different lactations was 8.67+0.69%.
However, higher values were reported by
Czerniewicz et al. (2006); Bille et al. (2009); Landi
et al. (2011). Moreover, Bashir and El Zubeir (2013)
reported 9.19+£0.78% for SNF content of milk of
Baggara cattle in Sudan. The solids not fat of milk
samples collected from different sources (11.52%)
in Khartoum State also revealed non significant
differences (Warsama et al., 2017). The SNF content
of milk from local cows and crossbred cows was
found to be influenced significantly (P<0.05) by
stage of lactation and parity order (Shuiep et al.,
2016). They concluded that the variation of breed,
feeding and management could be the reasons. The
SNF content of the milk (8.09 to 9.03%) generally
follow the variation of the fat content, the higher
the fat content the higher was the SNF but lower
the density (Bille et al., 2009). In Ethiopia,
Gemechu et al. (2015) found that the total solids
were 12.87%.

The average protein content of milk samples
(3£0.4%) collected from the three sources in
Gadarif town (Table 1) was comparable to that
reported by Ahmed and El Zubeir (2007) who
found the mean value of protein content was
3.73+0.587% in dairy farms located in Khartoum
State. Also, Elsheikh et al. (2015) found protein
content was 3.58+0.38% for milk samples collected
from Khartoum and 3.57+017% for the samples
obtained from Khartoum North. The result of
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protein content of milk samples were also in line to
those (3.5+0.9%) obtained by Warsama et al. (2017)
in Khartoum State and those collected from
Baggara cattle (3.62+ 0.31%) in South Kordofan
State (Bashir and El Zubeir 2013). Similarly, Rafig
et al. (2016) found 3.57% in milk collected from
Faisalabad. However, Mohamed and El Zubeir
(2007) found that the mean value of protein
content in milk collected from Khartoum North
(3.0840.59%) was higher than that obtained from
Omdurman (2.93+0.47%).

The study showed the lactose content of milk
samples collected from sale points were (Table 1)
was in accord to the findings reported by Ahmed
and El Zubeir (2007) for lactose content of milk
samples collected during summer and winter in
Khartoum State, which were 3.95+0.561% and
4.06x 0.618%, respectively. Also, Elsheikh et al.
(2015) found that the mean of lactose content in
milk samples from Omdurman was 4.72+0.4% and
those obtained from Khartoum showed a mean of
4.86£0.24%. Similarly, the mean of milk lactose
from Baggara cattle in South Kordofan State, Sudan
was 4.89+0.33% (Bashir and El Zubeir, 2013).
Nateghi et al. (2014) found that the lactose content
of milk during summer was 4.61%. The lactose of
the milk samples collected from different sources
and during different seasons showed high
significant differences (Warsama et al., 2017). The
lactose content was found in a range of 5.21 to
5.15% and 5.33 to 5.02%, in local and crossbred
cows, respectively (Shuiep et al., 2016). This might
be due to the fact that the lactose content of milk is
affected by the different locations and feedstuff that
animals utilized (Kittivachra et al., 2007). On the
other hand, Eckles and Combs (2004) reported that
lactose has an important relation to the
manufacture. However, there is some evidence that
lactose is the least cariogenic of the common dietary
sugar. In addition, various other components of
milk have been considered to be protective against
dental caries (Banoczy et al., 2009).

There was no significant difference between
the results of milk sources in Gadarif town as this
study revealed that the freezing point in sale points
were -0.524+-0.007° C (Table 2). Similarly, Ahmed
and El Zubeir (2007) reported that the freezing
point of raw milk were -0.519+-0.0251° C and -
0.533+0.013° C in the samples collected during
summer and winter, respectively and the average
was -0.535+0.033° C. Marshall (1992) stated that a
freezing point of -0.517° C is considered normal for
milk and milk that freezes at or below this value is
presumed to be free of added water.

In the present study, the mean density was

0.026+0.005 g/cm’ (Table 2), which was lower than
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those reported by Abd Elrahman et al. (2009);
Bashir and El Zubeir (2013); Elsheikh et al. (2015);
Warsama et al. (2017) who found the average
density of milk was about 1.031 g/cm’. This
indicated addition of water or subtraction of fat as
was shown in Table 1 that lower values were found
for fat, lactose and solids not fat. Similarly, El
Zubeir et al. (2008) reported lower levels for the
chemical content (fat, protein, lactose, SNF, and
total solids) of the pasteurized milk compared to the
raw milk samples obtained from different milk
producing companies in Western Cape, South
Africa.

The added water in the milk samples collected
from the farms was estimated as 10.6£11.6% (Table
2). When comparing the present results, it was
observed that the level of the added water was
relatively high. This may be due to adulteration by
adding water to milk in Gadaref town. Elsheikh et
al. (2015) reported the adulteration by water in
some of the milk collected from Omdurman and
Khartoum towns. Also, the percentage of the added
water was very high in the processed milk compared
to the samples from herd raw bulk milk in South
Africa (El Zubeir et al., 2008). Tasci (2011) stated
that addition of water and ice affected the physical
and chemical quality of milk by adulterant
proportion different constituents of milk in
Western Cape, South Africa. Similarly, Faraz et al.
(2013) reported 97 and 93% of the milk samples in
canteens of educational institutes and public places
of Faisalabad had added water.

The raw milk samples tested during this study
(Table 3) showed that 22 (27.5%) of the samples
were found positive for aflatoxin M1 with the
highest occurrence in the samples obtained from
sale points and farms (15% and 11.5%,
respectively). Moreover, all strong positive (level 1;
0.05 to 0.1) contaminated samples were obtained
from the farms (22.72%). Aflatoxin M; (AFM1) is a
hydroxylated metabolite of aflatoxin B1 (Zinedine
et al., 2007). Hence the high level of contamination
in raw milk samples from the farms might be due to
the contamination of dairy cow rations with
aflatoxins B1 (Elteib et al., 2012; Ali et al., 2014).
Higher occurrence were also reported in India, the
range of contamination with AFM1 was 28- 164
pg/l and that 99% of the contaminated milk
samples exceeded the European Communities
recommended limit (Shipra et al., 2004). Also,
Kang'ethe and Lang'a (2009) detected 99% of milk
samples were contaminated with aflatoxin in Kenya.
Bokhari et al. (2017) in KSA, tested 160 milk
samples and found that 74.47% of milk samples
were contaminated with aflatoxin. Ali et al. (2014)
concluded that the levels of AFM1 in the raw milk



Abdalmahmoud, K. M. et al., VMPH 4(3), 2023: 46-56

samples indicated that the feeds offered to the cows
were contaminated with aflatoxin B1 in such a level
that might cause a serious public problem.
Aflatoxins are absorbed in the gastrointestinal tract
but not been biotransformed in the liver can also be
excreted (Scaglioni et al., 2014). Thus aflatoxin can
accumulate through the food chain posing a serious
health concern to both humans and animals (Otim
et al., 2005; Gavrilova et al., 2014; Patel et al.,
2015). However, according to the survey conducted
throughout North western Italy between 2012 and
2014, the overall AFM contamination rate was
2.2% (36 samples out of 1668 samples) and less
than 1% of milk samples were non-compliant with
EU limits (Bellio et al., 2016). Furthermore, the
positive samples with level 2 (0.1 to 0.15) were
detected in the samples collected from sale points
(15.0%) compared to those collected from farms
(5.0%) and groceries (1.25%) as shown in Table 4.
This might indicate that the higher concentration
of the contaminated milk from the farms was
dilated to a lower level in the sale points, because in
the sale points and groceries they bulked the milk
from different farms. Similarly, Sharma et al. (2020)
was able to detect AFM1 contamination in the milk
sold by local traders (14/50) and vendors (16/50) in
India. This study suggested the presence of aflatoxin
in animal feed, which supported that of Omer et al.
(2004); Elteib et al. (2013) who showed the presence
of aflatoxin content in groundnut seeds and cakes,
respectively. Aflatoxins are generally classified into
Bl, B2, Gl and G2, which metabolized to
aflatoxins M1 and M2 (Boudra et al., 2007).
Aflatoxins Bl is a potent mutagenic and
carcinogenic agent found in numerous agricultural
and dairy products consumed by humans (Madrigal-
Santillan et al.,, 2007). Moreover, aflatoxins are
highly carcinogenic and mutagenic in nature
(Ehrlich et al., 2003; Williams et al., 2004; Ozay et
al.,, 2008). Aflatoxins contaminated corn and
cotton seed meal in dairy rations has resulted in
aflatoxins M1 contaminated milk and milk
products (Van Eijkeren et al., 2006; Zinedine et al.,
2007). Hence, regular monitoring of AFMI1 is
necessary for evaluating their contamination and
improvement  status.  Simultaneously, = more
precautions could be implemented on hygiene
controls in order to limit AFM1 contamination in
dairy products (Min et al., 2020).

Furthermore. in Khartoum State, higher
prevalence was found compared to the present
study and the percentage of AFM1 contamination
has been found in 42/44 (95.45%) samples with
contamination level ranging between 0.22 and 6.90
lg L_1 and average concentration of 2.07 lg L_1
(Elzupir and Elhussien, 2010). Also, Ali et al. (2014)
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showed that the average concentration for AFM1 in
raw milk samples ranged between 0.1 and 2.52 ppb
with 100% exceeding the limits of European
countries. The presence of AFM1 was detected in a
concentration that ranged between 20150- ppt and
that 88.7% of the processed milk samples were
found to be contaminated with aflatoxin M1
compared to 92% of the raw milk samples (Fadlalla
et al., 2020). The average concentration for AFM1
in Nigeria revealed 2.04 ng/k (Atanda et al., 2007),
although Nigeria set a limit of 1.0 pg kg-1 (Igbal et
al., 2015). However, the European communities and
Codex Alimentarius recommend limits of
0.05pg/kg and 0.5pg/kg, respectively. Kemboi et al.
(2020) stated that despite their regulation being
stricter, the EU is a major destination of trade for
most African countries, and hence the EU
regulatory and guidance values are used for
comparison since they may negatively impact trade
and in addition they cover a wide variety of feeds
for different species. In China, the situation of
AFM1 contamination in milk proved the
improvement of surveillance (Zheng et al., 2017,
Xiong et al., 2018).

The variations in AFM1 levels among milk
samples from farms and distributors (Table 3 and 4)
could be attributed to forage and feed quality, cow’s
diet, genetic variation in dairy cows, and
geographical and seasonal variations (Mohammed
et al., 2016; Sahin et al., 2016). On the other hand,
the mean concentration of AFM1 in milk samples
collected in summer ((96.3%) was significantly
(P<0.05) higher than that obtained in winter
((89.0%) in Karachi, Pakistan (Asghar et al., 2018).
They added that seasonal variations tend to increase
the growth rate of fungi and AFs contamination,
ultimately resulting in higher AFM1 contamination
in summer when compared to winter. Based on 171
different milk samples, the results showed that all
age's categories, especially children were exposed
with high risk related to presence of AFM1 in milk
in Serbia (Kos, 2014). However, Ahmad et al. (2019)
found that the dietary exposure data of AFM1
among six different groups was indicated that the
male children population was the most vulnerable
group to AFM1, up to 6.68 ng L—1 per day and the
least affected one was the female group above 20
years of age with 1.13 ng L—1 per day. The
economic impact of aflatoxins leads directly to crop
and livestock losses as well as indirectly to costs of
regulatory programmers designed to reduce risks to

animal and human health (Martins et al., 2007).
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5 Conclusion

The results of the chemical composition of cow's
milk showed lower content of fat, solids not fat,
protein and density. Moreover, the added water was
high. It was also observed that the highest
percentages of most of the investigated
compositional content were occurred in the sale
points. On the other hand, the presence of
aflatoxin in raw cow's milk samples need further
monitoring and control, although the present
frequencies are low compared with the previous
studies. The presences of aflatoxin in milk samples
might indicate that the cow milk was contaminated
with aflatoxin through feed because all samples
showing strong positive were detected in the milk
samples collected from the farms. The present study
recommended that good practices should be
adopted for dairy cows’ feeding, and the sale points
of milk should be improved. Also, education and
awareness should be conducted especially among
farmers and livestock producers on the health
hazards of aflatoxins. Moreover, strict lows and
legislations should be implemented for the milk
producers in order to minimize occurrence of
aflatoxins and to ensure the quality of milk and
dairy products in country.

5.1 Acknowledgment

This study was partially funded by a project received
from  Sudanese Standard and  Metrology
Organization, Sudan. The support of Ministry of
Animal Resources and Fishery of Gadarif State is
also acknowledged. Thanks are also extended to
Animal Production Research Center (Kuko,
Khartoum) staff for providing the Milkana device to
be used in Gadarif.

References

Abbes, S., Salah-Abbes, ]J.B., Bouraoui, Y., Oueslati, S.
& Queslati, R. (2012). Natural occurrence of
aflatoxins (B1 and M1) in feed, plasma and raw milk
of lactating dairy cows in Beja, Tunisia, using ELISA.
Food Additives and Contaminants: Part B, 5(1), 11-15.
https://doi.org/10.1080/19393210.2011.640756

Abd Elrahman, SM.A., Said Ahmed, AM.M., El Zubeir,
LEM., El Owni, O.A.O. & Ahmed, M.K.A. (2009).
Microbiological and physicochemical properties of
raw milk used for processing pasteurized milk in Blue
Nile Dairy Company (Sudan). Australian Joumnal of
Basic and Applied Sciences, 3 (4), 3433-3431.

Ahmed, M.ILA. & El Zubeir, LEM. (2007). The
compositional quality of raw milk produced by some
dairy farms in Khartoum State, Sudan. Research

Journal of Agriculture and Biological Sciences, 3(6), 902-
906.

53

Ahmad, M., Awais, M., Ali, SW., Khan, H.A.A., Riaz,
M., Sultan, A., Shakeel Bashir, M. & Ishtiaq
Chaudhry, A. (2019). Occurrence of aflatoxin M1 in
raw and processed milk and assessment of daily
intake in Lahore, Multan cities of Pakistan. Food
Addit Contam., 12 (1), 18-23.
https://doi.org/10.1080,/19393210.2018.1509899

Ali, M.A., El Zubier, LEM. & Fadel Elseed, AM.A.
(2014). Aflatoxin M1lin raw and imported powdered
milk sold in Khartoum State, Sudan. Food Additives

and Contaminants, Part B, Surveillance, 7(3), 208-212.
https://doi.org/10.1080,/19393210.2014.887149

Asghar, M.A., Ahmed, A. & Asghar, M.A. (2018).
Aflatoxin M1 in fresh milk collected from local
markets of Karachi, Pakistan. Food Additives and

Contaminants, Part B, Swurveillance, 11(3), 167-174.
https://doi.org/10.1080/19393210.2018.1446459

Asi, M.R., Igbal, S.Z., Arifio, A. & Hussain, A. (2012).
Effect of seasonal variations and lactation times on
aflatoxin M1 contamination in milk of different
species from Punjab, Pakistan. Food Control, 25, 34-
38. https://doi.org/10.1016/j.foodcont.2011.10.012

Atanda, O., Oguntubo, A., Adejumo, O., Ikeorah, J. &
Akpan, I. (2007). Aflatoxin M1 contamination of
milk and ice cream in Abeokuta and Odeda local
government of Ogun state, Nigeria. Chemosphere, 68,
1455-1458. https://doi.org/10.1016/j.chemosphere.2007.03.038

Bandczy. J.P.E., Petersen, A.J. & Rugg-Gunn, A. (2009).
Milk fluoridation for the prevention of dental caries.
World Health Organization.

Bashir, H.H.A. & El Zubeir, LEM. (2013). Milk
production and reproduction performance of
Baggara cattle raised under extensive and semi-
extensive system in South Kordofan State. Journal of
Animal Advance, 3(5), 192-202.
https://doi.org/10.5455/japa.20130531093133

Bellio, A., Bianchi, D.M., Gramaglia, M., Loria, A.,
Nucera, D., Gallina, S., Gili, M. & Decastelli, L.
(2016). Aflatoxin M; in cow's milk method validated
for milk sampled in Northern Italy. Toxins, 8(3), 57.
https://doi.org/10.3390/toxins8030057

Bille, P.G., Haradoeb, B.R. & Shigwedha, N. (2009).
Evaluation of chemical and bacteriological quality of
raw milk from Neudam dairy farm in Namibia.

African Jowrnal of Food, Agriculture, Nutrition and
Dewelopment, A7), 1511-1523.

https://doi.org/10.4314/ajfand.v9i7.47682

Bokhari, F., Aly, M., Al Kelany, A. & Rabah, S. (2017).
Presence of aflatoxin M1 in milk samples collected
from Jeddah, Saudi Arabia. Journal of Pharmacy, 5, 49-

52. https://doi.org/10.9790/3013-0705014952

Boudra, H., Barnoun, J., Dragacci, S. & Morgavi, D.P.
(2007). Aflatoxins M1 and ochratoxin A in raw bulk
milk from French dairy herds. J. Dairy Sci., 90 (7),
3197-3201. https://doi.org/10.3168/jds.2006-565



Abdalmahmoud, K. M. et al., VMPH 4(3), 2023: 46-56

Cano-Sancho, G., Marin, S., Ramos, A.]., Peris-Vicente,
J. & Sanchis, V. (2010). Occurrence of aflatoxin M1
and exposure assessment in Catalonia (Spain). Revist.

Alberoamericana  de  Micologia, 27,  130-135.
https://doi.org/10.1016/j.riam.2010.05.003

Caroli, A.M., Chessa, S. & Erhardt, G.J. (2009). Invited
review, Milk protein polymorphisms in cattle, Effect
on animal breeding and human nutrition. J. Dairy
Sci., 92, 5335-5335. https://doi.org/10.3168/jds.2009-2461

Czerniewicz, M., Katarzyna, K.C. & Antoni, K. (2006).
Comparison of some physicochemical properties of
milk from Holstein-Friesian and Jersey cows. Pol.
Journal of Food Nutrition Science, 56, 61- 64.

Darsanaki, R.K., Aliabadi, M.A. & Chakoosari, M.M.D.
(2013). Aflatoxin M1 contamination in ice-cream. J.

Chem. Health Risk, 3(1), 297-313

Duarte, S.C., Almeida, A.M., Teixeira, A.S., Pereira,
A.L., Falc a0, A.C. & Pena, A. (2013). Aflatoxin M1
in marketed milk in Portugal, Assessment of human

and animal exposure. Food Control, 30, 411-417.
https://doi.org/10.1016/j.foodcont.2012.08.002

Eckles, C.H. & Combs, W.B. (2004). Milk and Milk
Products. 4"ed. New Delhi.

Ehrlich, K.C., Montalbano, B G. & Cotty, P.J. (2003).
Sequence comparison of aflR  from different
Aspergillus species provides evidence for variability in
regulation of aflatoxin production. Fungal Genetics
and Biology, 38 (1), 63-74. https://doi.org/10.1016/51087-
1845(02)00509-1

Elsheikh, N.A.H., Rahamtalla, S.A. & Mohamed,
O.M.A. (2015). Chemical composition of raw milk
produced and distributed in Khartoum State, Sudan.
Asian Journal of Agriculture and Food Sciences, 3(1), 34-
39.

Elteib, W.O.M., El Zubeir, .LEM., Fadel Elseed, A.M.A.
& Mohamed, A.A. (2012). Preliminary investigation
of aflatoxins in dietary ration of dairy cows in
Khartoum North, Sudan. Online Journal of Animal and
Feed Research, 2 (3), 322-321.

El Zubeir, LEM. (2023). The incidence of aflatoxin in
feedstuff and foodstuff and its significances on the
wholesomeness of halal food. Halal and Kosher Food.
In press. https://doi.org/10.1007/978-3-031-41459-6_28

El Zubeir, .LE.M., Gabriechise, V. & Johnson, Q. (2008).
Comparison of chemical composition and microbial
profile of raw and pasteurized milk of the Western
Cape, South Africa. International Journal of Dairy
Science, 3(3), 137-143.
https://doi.org/10.3923/ijds.2008.137.143

Elzupir, A.E. & Elhussien, A.E. (2010). Determination of
aflatoxin M1 in dairy cattle milk, Khartoum, J. Food
Control, 21, 945.946.
https://doi.org/10.1016/j.foodcont.2009.11.013

Fadlalla, A.A., El Zubeir, LE.M. & Elnahas, A. (2020).

Aflatoxin M1 contamination in fluid milk products,

54

in Khartoum State, Sudan. Veterinary Medicine and
Public Health Journal, 1(2), 34.40.
https://doi.org/10.31559/ymph2020.1.2.2

Faraz, A., Lateef, M., Mustafa, M.L., Akhtar, P., Yagoob,
M. & Rehman, S. (2013). Detection of adulteration,
chemical composition and hygeine status of milk
supplied to various canteen of educational institutes
and public places in Faisalabad. The Journal of Animal
and Plant Sciences, 23 (1 Supplement), 119-124.

Gavrilova, M.A., Slepchenko, G.B., Mikheeva, E.V. &
Derybina, V.I. (2014). Voltammetric determination of

aflatoxin Bl. Procedia. Chemistry, 10, 114-119.
https://doi.org/10.1016/j.proche.2014.10.021

Gemechu, T., Beyene, F. & Eshetu, M. (2015). Physical
and chemical quality of raw cow’s milk produced and
marketed in Shashemene Town, southern Ethiopia.
ISABB Journal of Food and Agriculture Science, 5(2), 7-
13. https://doi.org/10.7176/fsqm,/88-01

Ghorbanian, M., Razzaghi-Abyaneh, M., Shams, A,
Ghahfarokhi, M. & Qurbani, M. (2008). Study on
the effect of neem (Azadira chataindca) leaf extract on
the growth of Aspergillus parasiticus and production of
aflatoxins by it at different incubation times. Mycoses,
51(1), 35-39. https://doi.org/10.1111/j.1439-0507.2007.01440 x

Gurmessa, J. & Melaku, A. (2012). Effect of lactation
stage, pregnancy, parity and age on yield and major
components of raw milk in bred cross Holstein

Friesian cows. World Journal of Dairy & Food Sciences, 7
(2), 146-149.

Haug, A., Hostmark, A.T. & Harstad, O.M. (2007).
Bovine milk in human nutrition. Lipids in Health and

Disease, 6 (25), 1-16.
Hossain, M.B. & Dev, S.R. (2013). Physiochemical

characteristics of various raw milk samples in a
selected dairy plant of Bangladesh. International
Journal of Engineering and Applied Sciences, 1 (3), 91-96.

Tha, M.H., Barbosa, C.B., Okada, L.A. & Trucksess,
M.W. (2013). Aflatoxin M1 in milk and distribution
and stability of aflatoxin M1 during production and

storage of yoghurt and cheese. Food Control, 29, 1-6.
https://doi.org/10.1016/j.foodcont.2012.05.058

Igbal, S.Z., Jinap, S., Pirouz, A.A. & Ahmad Faizal, A.R.
(2015). Aflatoxin M1 in milk and dairy products,
occurrence and recent challenges, A review. Trends in
Food Science and Technology, 46(1), 110-119.
https://doi.org/10.1016/j.tifs.2015.08.005

Kabak, B. & Ozbey, F. (2012). Aflatoxin M1 in UHT
milk consumed in Turkey and first assessment of its
bioaccessibility using an in vitro digestion model.

Food Control, 28, 338-344.

https://doi.org/10.1016/j.foodcont.2012.05.029

Kang'ethe, E.K. & Lang'a, K.A. (2009). Aflatoxin B1 and
M1 contamination of animal feeds and milk from
urban centers in Kenya. African Health Sciences, 9(4),

218-226.



Abdalmahmoud, K. M. et al., VMPH 4(3), 2023: 46-56

Kalac, P. & Samkova, E. (2010). The effects of feeding
various forages on fatty acid composition of bovine
milk fat, A review. Czech J. Anim. Sci., 55(12), 521-537.
https://doi.org/10.17221/2485-cjas

Kambkar, A., Fallah, A.A. & Mozaffari Nejad, A.S. (2014).
The review of aflatoxin Mlcontamination in milk
and dairy products produced in Iran. Toxin Reviews,
33, 160-168. https://doi.org/10.3109,/15569543.2014.922580

Kemboi, D.C., Antonissen, G., Ochieng, P.E., Croubels,
S., Okoth, S., Kangethe, E.K., Faas, J., Lindahl, J.F.
& Gathumbi, J.K., (2020). A review of the impact of
mycotoxins on dairy cattle health, Challenges for
food safety and dairy production in sub-Saharan

Africa. Toxins, 12(4), 222.
https://doi.org/10.3390/toxins 12040222

Ketney, O., Santini, A. & Oancea, S. (2017). Recent
aflatoxin survey data in milk and milk products. A

review. International Jowmnal of Dairy Technology, 70(3),
320-331. https://doi.org/10.1111/1471-0307.12382

Kittivachra, R., Sanguandeekul, R., Sakulbumrungsil, R.
& Phongphanphanee, P. (2007). Factors affecting
lactose quantity in raw milk. Songklanakarin J. Sci.

Technol., 29, 937-943.
Kos, J., Levi¢, J., Puragi¢, O., Koki¢, B. & Miladinovi¢, 1.

(2014). Occurrence and estimation of aflatoxin M1
exposure in milk in Serbia. Food Control, 38, 41-46.
https://doi.org/10.1016/j.foodcont.2013.09.060

Kuboka, M.M., Imungi, ].K., Njue, L., Mutua, F., Grace,
D. & Lindahl, J.F. (2019). Occurrence of aflatoxin
M1 in raw milk traded in peri-urban Nairobi, and
the effect of boiling and fermentation. Infection
Ecology & Epidemiology, 9(1), 1625703.
https://doi.org/10.1080/20008686.2019.1625703

Landi, H., Barros, L. & Micheo, C. (2011). Evaluation of
the dairy cow biotype through milk composition,
nutrition and grazing management. Livestock Research

for Rural Development, 23(4).

Lindmark-Mansson, H., Fonden, R. & Pettersson, H.E.
(2003). Composition of Swedish dairy milk. Int. Dairy
1., 13, 409-425. https://doi.org/10.1016,/s0958-
6946(03)00032-3

Madrigal-Santillan, E., Alyarez- Gonzalez, 1., Gonzalez-
Marguez Marguez, R., Rvelazquez- Guadarrama, N.
& Madrigel- Bujaidar, E. (2007). Inhibitory effect of
mannan on the toxicity produced in mice fed
aflatoxins B1 contaminated corn. Arch. Environmental

Contamination Toxicol., 53, 466-472

Malissiova, E.; Tsakalof, A.; Arvanitoyannis, LS,
Katsafliaka, A.; Katsioulis, A. and Tserkezou, P;
Koureas, M.; Govaris, A. & Hadjichristodoulou, C.
(2013). Monitoring aflatoxin M1 levels in ewe's and
goat's milk in Thessaly, Greece. Potential risk factors
under organic and conventional production schemes.
Food Control, 34, 241-248.
https://doi.org/10.1016/j.foodcont.2013.04.035

55

Marshall, R.T. (1992). Standard methods for examination of
dairy products, 16" ed., APHA Washington. DC 20005
USA.

Martins, HM., Mendes Guerra, M.M. & d'Alemeida
Bernardo, F.M. (2007). Occurrence of aflatoxins Bl
in dairy cow feed over 10 years in Portugal (1995-
2004). Rev. Iberoam Micol., 24(1), 69-70.

Min, L., Li, D., Tong, X., Sun, H., Chen, W., Wang, G.,
Zheng, N. & Wang, J. (2020). The challenges of
global occurrence of aflatoxin M1 contamination and
the reduction of aflatoxin M1 in milk over the past

decade. Food Control, 117, 107352.
https://doi.org/10.1016/j.foodcont.2020.107352

Min, L., Li, D., Tong, X., Sun, H., Chen, W., Wang, G.,
Zheng, N. & Wang, J. (2020). The challenges of
global occurrence of aflatoxin M1 contamination and
the reduction of aflatoxin M1 in milk over the past

decade. Food Control, 107352.

https://doi.org/10.1016/j.foodcont.2020.107352

MARF (2011). Ministry of Animal Resources and Fishery of
Gadarif State. Data base, Sudan.

Mirzadeh, K.H., Masoudi, A., Chaji, M. & Bojarpour,
M. (2010). The composition of raw milk processing
by some dairy farm in Lordegan region of Iran.
Journal of Animal and Veterinary Advances, 9(11), 1582-
1583. https://doi.org/10.3923/javaa.2010.1582.1583

Mohammed, N.I. & El Zubier, LEM. (2007).
Comparison of some composition  quality
measurement of market milk in Khartoum State,

Sudan. International Journal of Dairy Sciences, 2(1), 42-
49. https://doi.org/10.3923/ijds.2007.42.49

Mohammed, S., Munissi, J.J. & Nyandoro, S.S. (2016).
Aflatoxin M1 in raw milk and aflatoxin B1 in feed
from household cows in Singida, Tanzania. Food

Additives & Contaminants, Part B, 9(2), 85-90.
https://doi.org/10.1080/19393210.2015.1137361

Magan, N. & Aldred, D. (2007). Post-harvest control
strategies, Minimizing mycocotoxins in the food

chain. Int. J. Food Micrbiol., 119 (1&2), 131-139.
https://doi.org/10.1016/j.ijfoodmicro.2007.07.034

Nateghi, L., Yousefi, M., Zamani, E., Gholamian, M. &
Mohammadzadeh, M. (2014). The effect of different

seasons on milk quality. European Jourmnal of

Experimental Biology, 4(1), 550-552

Omer, R.E., Kuijsten, A., Kadaru, A.M., Kok., EJ., Idris,
M.O., Elkhidir, IM. & van't Veer, P. (2004).
Population- attributable risk of dietary aflatoxins and
hepatitis B virurs infection with respect to

hepatocellular carcinoma. Nutr. Cancer, 48(1), 15-21.
https://doi.org/10.1207/s15327914nc4801_3

Ostry, V., Malir, F., Toman, ]J. & Grosse, Y. (2016).
Mycotoxins as human carcinogens—the IARC

Monographs classification. Mycotoxin Res., 33, 65-73.
https://doi.org/10.1007/512550016-0265-7



Abdalmahmoud, K. M. et al., VMPH 4(3), 2023: 46-56

Otim, M.O., Mukiibi-Muka, G., Christensen, H. &
Bisgaard, M. (2005). Aflatoxicosis, infectious bursal
disease and immune response to Newcastle disease

vaccination in rural chickens. Avian Pathology, 34, 319-
323. https://doi.org/10.1080/03079450500179327

Ozay, G., Seyhan, F., Pembeci, C., Saklar, S. & Yilmaz,
A. (2008). Factors influencing fungal and aflatoxins
levels in Turkish hazelnuts (Corylus avellana L) during
growth, harvest, drying and storage, A3-years study.
Food Addit. Contam., 25(2), 209-218.
https://doi.org/10.1080/02652030701711016

Rafiq, S., Huma, N., Pasha, I., Sameen, A., Mukhtar, O.
&  Khan, M. (2016). Chemical composition,
nitrogen fractions and amino acids profile of milk
from different animal species. Asian-Australasian

Journal of Animal Sciences, 29(7), 1022-1028.

Patel, S.V., Bosamia, T.C., Bhalani, H.N., Singh, P. &
Kumar, A. (2015). Aflatoxins, Causes and effects.

Monthly Magazine of Agricultural and Biological
Science, 13(9), 140-142.

Pavell, E.R. & Gavan, C. (2011). Seasonal changes in
bulk tank milk composition of dairy cows. Scientific
Papers, Animal Science and Biotechnologies, 44(2), 444-
449.

Sahin, H.Z., Celik, M., Kotay, S. & Kabak, B. (2016).
Aflatoxins in dairy cow feed, raw milk and milk
products from Turkey. Food Addit. Contam. Part B,
9(2), 152-158. hetps://doi.org/10.1080/19393210.2016.1152599

Sartori, A.V., de Mattos, ].S., de Moraes, M.H.P. & da
Nobrega, A.W. (2015). Determination of aflatoxins
M1, M2, Bl, B2, G1, and G2 and ochratoxin A in
UHT and powdered milk by modified QUEChERS
method and  ultra-high-performance  liquid
chromatography tandem mass spectrometry. Food

Anal. Methods, 8(9), 2321-2330.
https://doi.org/10.1007/s12161-015-0128-4

Scaglioni, PT., Becker-Algeri, T., Drunkler, D. &
Badiale-Furlong, E. (2014). Aflatoxin B1 and M1 in

milk.  Analytica Chimica. Acta., 829, 68-74.
https://doi.org/10.1016/j.aca.2014.04.036

Sharma, H., Jadhav, V.J. & Garg, S.R. (2020). Aflatoxin
M1 in milk in Hisar city, Haryana, India and risk
assessment. Food Additives & Contaminants, Part B,
13(1), 59-63. https://doi.ore/10.1080/19393210.2019.1693434

Shipra, R., Premendra, D.D., Subhash, K.K. & Mukul,
D. (2004). Detection of aflatoxin M1 contamination
in milk and infant milk products from Indian

markets by ELISA. Food Control, 15, 287-290.
Shuiep, E.S., Eltaher, H.A. & El Zubeir, LE.M. (2016).

Effect of stage of lactation and order of parity on
milk composition and daily milk yield among local
and crossbred cows in South Darfur State, Sudan.
Sudan Journal of Agricultural and Veterinary Sciences, 17

(2), 86-99.

56

Siddappa, V., Nanjegowda, D.K. & Viswanath, P. (2012).
Occurrence of aflatoxin M 1 in some samples of
UHT, raw and pasteurized milk from Indian states of
Karnataka and Tamilnadu. Food Chem. Toxicol.,
50(11), 4158-4162. hteps://doi.org/10.1016/j.fct.2012.08.034

SPSS (2008). Social Package for Statistical System for
Windows version 16. SPSS, Inc., Chicago, IL, USA.

Tasci, F. (2011). Microbiology and chemical properties of
raw milk consumed in Burder. J. of Animal and
Veterinary Advances, 10(5), 635-641.
https://doi.org/10.3923/javaa.2011.635.641

UNISENSOR  (2013). DA-KIT041-001-Version b-2,
Wander, Belgium.

Unusan, N. (2006). Occurrence of aflatoxin M1 in UHT
milk in Turkey. Food and Chemical Toxicology, 44,
1897-1900. https://doi.org/10.1016/j.fct.2006.06.010

Van Eijkeren, ].C., Bakker, M.I. & Zeilmaker, M.].
(2006). A simple steady-state model for carry-over of
aflatoxins from feed to cow's milk. Food Addit.

Contam., 23(8), 833-838.

https://doi.org/10.1080,/02652030600779890

Warsama, L.M., Mustafa, N.EM. & El Zubeir, LE.M.
(2017). Physicochemical properties and microbial
load of cow milk collected from milk supply chain
during winter and summer in Khartoum State,
Sudan. University of Khartoum Journal of Veterinary

Medicine and Animal Production, 8 (2), 41-52.

Williams, J.H., Phillips, T.D., Jolly, P.E., Stiles, ].K,, Jolly,
CM. & Aggarwal, D. (2004). Human aflatoxin in
developing countries, A review of toxicology,
exposure, potential health consequences, and
interventions. Am. J. Clin. Nutr, 80(5), 1106-1122.
https://doi.org/10.1093/ajcn,/80.5.1106

Yousof, S.S.M. & El Zubeir, LEM. (2020). Chemical
composition and detection of Aflatoxin M1 in camels
and cows milk in Sudan. Food Additives &

Contaminants, Part B, 13(4), 298-304.
https://doi.org/10.1080/19393210.2020.1796826

Xiong, J., Xiong, L., Zhou, H., Liu, Y. & Wu, L. (2018).
Occurrence of aflatoxin Bl in dairy cow feedstuff
and aflatoxin M1 in UHT and pasteurized milk in
central China. Food Control, 92, 386-390.
https://doi.org/10.1016/j.foodcont.2018.05.022

Zheng, N., Li, S.L., Zhang, H., Min, L., Gao, YN. &
Wang, J.Q. (2017). A survey of aflatoxin M1 of raw
cow milk in China during the four seasons from 2013
to 2015. Food Control, 78, 176-182.
https://doi.org/10.1016/j.foodcont.2017.02.055

Zinedine, A., Gonzalez-Osanaya, L., Soriano, ].M.,
Molto, J.C., Idrissi, L. & Manes, J. (2007). Presence
of aflatoxins M1 in pasteurized milk from Morocco.
Int. J. Food Microbil., 114(1), 25-29.
https://doi.org/10.1016/j.ijffoodmicro.2006.11.001



