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Introduction:-

This study sheds a light on the incidence of aflatoxin M1 and some
heavy metals in ninety (90) samples of different types of dairy products
marketed in Sharkia governorate including kariesh cheese, white soft
cheese and plain yoghurt. The obtained result declared that aflatoxin
M1 was highly concentrated in white soft cheese samples followed by
kariesh cheese with mean values of 3.56+ 0.37 and 2.78+ 0.45 pg/Kg,
respectively, while plain yoghurt samples recorded the least
contamination level with a mean value 0.47+ 0.05 pg/Kg. Concerning
heavy metal results, The highest residual concentrations of heavy
metals were found in kariesh cheese samples with mean values 7.03x
0.15, 0.98+ 0.06, 1.67+ 0.11 and 0.27+ 0.04 ppm for iron, lead, copper
and cadmium respectively, while the lowest values were detected in
plain yoghurt samples with mean values 1.38+ 0.063, 0.54+ 0.03, 0.80%
0.05 and 0.18+ 0.01 ppm for iron, lead, copper and cadmium
respectively. The recorded data of the present study declared that,
levels of aflatoxin M1 were higher than those set by Egyptian Standard
and European Commission Regulation standards. Also, all the detected
heavy metal residues exceeded the maximum permissible limits of the
values recommended by international dairy federation standard and the
Codex Alimentarius Commission. Finally, the results of our study
indicate the importance of continuous and regular monitoring of
chemical contaminant levels in different types of dairy products
consumed in Sharkia Governorate, as our results show an alarming
situation in these products with respect to all dairy product producers.

Copy Right, 1JAR, 2017,. All rights reserved.

In the environment, there are many chemical agents that exert toxic effects on animals and humans, mycotoxins are
considered the most prevalent type of them (Bennett, and Klich, 2003). These mycotoxins include a group of
chemicals mainly produced by some species of aspergillus as Aspergillus flavus, Aspergillus parasiticus and
Aspergillus nomius under particular conditions of temperature and humidity (Hedayati et al., 2007). These
chemicals can be detected in milk and dairy products as Aflatoxin M1 (AFM1) which is a hydroxylated metabolite
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of aflatoxin B1 and it is produced from dairy cattle that have ingested feed contaminated with aflatoxin B1 (Dashti
et al., 2009). The AFM1 has mutagenic, carcinogenic and teratogenic effects (Sassahara et al., 2005) also it is
considered as major etiological factors for hepatocellular carcinoma so, its level in raw milk is of great concern
(IARC, 2002). It is assumed that AFM1 toxin does not destroy neither by storage nor processing (Tajkarimi et al.,
2008) and so it can be detected in dairy products submitted to heat treatment process and also in fermented products
(Picinin et al., 2013).

The consumption of food containing heavy metal residues is another problem as the ubiquitous presence of some
metal pollutants facilitates their entry into the animal ration and the food chain and thus increases the possibility of
inducing toxic effects in humans and animals. Land application of sewage sludge, sewage water, and industrial
wastes gradually increases the toxic metals in the soil environment, which is increasingly taking from plants and
subsequently transferred into the food chain causing severe damage to both animal and human health
(Somasundaram et al. 2005).

Some heavy metals such as copper (Cu) and iron (Fe) are necessary for a proper metabolic activity in living
organisms; others, such as lead (Pb) and cadmium (Cd) are unnecessary and have no role in the biological process
(Ayar et al., 2009). However, they can cause toxicity to living organisms, when their concentrations exceed the
permissible limits (Li et al, 2005). They cause many health problems such as weakness, affects the kidney, heart
failure and also induced cancer diseases (McCally, 2002)

This study was applied to determine the levels of aflatoxin-M1 and some heavy metal residues in some dairy
products collected from different sites in Sharkia governorate, Egypt.

Material and methods:-

Collection of samples:-

A total of 90 samples of different types of dairy products which were locally manufactured, including kariesh
cheese, white soft cheese and plain yoghurt (30 samples for each type) were used. These samples were randomly
collected from different markets and dairy shops at Zagazig city, Egypt. The samples were stored at 4°C untill
analysis, then each one was divided into two portions. The first portion of each type was used for quantitative
determination of AFM1 and the second one was used for quantitative estimation of heavy metal.

Quantitative detection of AFM1.:-

AFM1 was estimated in each sample by using the enzyme-linked immunosorbent assay (ELISA). Using Ridascreen
AFML1 Kits (R-Biopharm, Derm-Stadt, Germany), which contained Microtiter plates coated with specific antibodies
to AFM1, AFM1 standard solution, peroxidase conjugated AFM1, together with substrate chromogen and stop
solution. All samples were prepared and defatted using the method outlined in the ELISA Kits, as briefly described
(Riedel de-Haen, 1997).

Quantitative detection of heavy metal residues:-

Quantitative determination of Fe, Pb, Cu, and Cd were measured by using atomic absorption spectrophotometer by
adjusting the Cathode lamps at specific wavelengths. All glasswares were washed before use with detergent, then
rinsed with tap water and soaked in nitric acid (30%), then rinsed with distilled water and air dried. 0.5 g of each
milk sample was taken in 50 ml, pyrex digestion flak and digested with 5 ml of concentrated nitric acid and the
contents of flask were heated on an electric hot plate at 80°C for 2-3 hours, till the clear transparent digest was
obtained. Then, the excess acid was evaporated to semi-dried mass on a heating plate. After cooling at room
temperature, the final solution was diluted to 25 ml with 0.2 mol/L nitric acid and filtered through 0.45 ml Whatman
filter paper in polyethylene flask for end determination (Malhat et al., 2012). The concentrations of metals (ppm) in
the examined samples were calculated according to the following equation:

Concentration of metal in samples= A x B =~ W, where A = metal concentration (ppm) in the prepared samples

from the digital scale reading of atomic absorption spectrophotometer, B = the final volume of the prepared
samples, W = weight of samples in gram (Nasr et al., 2009)
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Data Analysis:-

Concentrations were expressed as a mean + standard error, minimum and maximum values. Data were statistically
evaluated by one-way analysis of variance (ANOVA). All statistical analyses were done using the statistical package
for social sciences (SPSS 16.0) program.

Results And Discussion:-

The food contaminated with mycotoxins is an important source of food-borne illnesses (WHO, 2002). One of the
most common mycotoxins worldwide is AFM1. So, many countries have regulations for AFM1 limits in dairy
products (Van Egmond, 2004). Results of AFM1 of the examined samples are shown in table (1) and clear that
cheese samples contain the highest concentrations of AFM1 with mean values of 3.56+ 0.37 and 2.78+ 0.45 ng/Kg
in white soft cheese and kariesh cheese, respectively. These values may be due to the affinity of AFM1 for milk
protein, mainly casein, therefore AFM1 is highly concentrated in cheese than in milk used in its production as the
toxin is unevenly distributed between curd and whey (Prandini et al., 2009). Moreover, the resistance of AFM1 to
mild acidic conditions and heat treatment used in cheese manufacture and other dairy products has been accounted
for the contamination of such products (Colak, 2007).

Awad et al. (2014) recorded that the range of AFML1 in the examined kariesh cheese samples was 1.95 to 6.11 with
a mean value of 3.6 ppb. These results are similar to the results of our study. Higher foundings were reported by
Eman and Salem (2008) who mentioned that the concentration of AFM1 in Kariesh cheese was 5 to 35 ppb with a
mean value of 17.5+6.61 ppb, while a mean value of the examined soft cheese samples was 2.61pg/kg.

In other investigations, AFM1 was detected in cheese by 78, 64, 64.8 and 80% (Elkak et al., 2012 and Tavakoli
et al., 2012 and Duarte et al., 2013 and Mohajeri et al., 2013).

For plain yoghurt, Aflatoxin M1 was detected with a mean value of 0.47+ 0.05 pg/Kg and these results showed that
the yoghurt contamination percentage was the least among all examined products. This decrease in AFM1 may be
explained by the presence of Lactobacillus acidophilus and L. Rhamnosus (lactic acid bacteria) in yoghurt. These
bacteria have the ability to make degradation of AFM1 and reduce its level by 18.5 - 49.6 % of yoghurt samples than
its level in the original raw milk samples (Pierides et al., 2000). Also, AFM1 may be associated with the milk
protein during yoghurtproductiondue to thechange in casein structure causing occlusion of the toxin in the
precipitate (Brackett and Marth 1982). Lower results were recorded by Akkaya et al. (2006) andGurbay et al.
(2006). Other studies revealed that yoghurt samples are free from AFM1 (Sylos et al., 1996 and Sarimehmetoglu
et al., 2004).

It is worth mentioning that there are several studies have been conducted regarding the effect of yoghurt
manufacturing on AFM1 content. Some authors reported no influence on the aflatoxin M1 content (Blanco et al.,
1993). In contrast, Bakirci (Bakirci, 2001) detected variable increases of AFM1 content in yogurt related to the
milk.

On the other hand, results in (Table 2) showed that all the examined samples which were contaminated with AFM1
were exceeded the Egyptian regulation limits (Egyptian Standard, 2007) and the European Commission standards,
EC (European Commission Regulation, 2006), which recorded (0.25 pug/Kg) for cheese samples and (0.05 pg/Kg)
for milk products.

Metals residues in milk are of a high concern because of the high consumption of milk by human especially infants
(Tripathi et al. 1999). The concentrations of heavy metals in dairy products are presented in table (3) where the
concentrations of Fe were varied from 1.38 to 7.03 ppm. The highest mean value was found in kariesh cheese
samples, while the lowest one was found in plain yoghurt. The high concentration of Fe in milk and dairy products
represents a problem in dairy technology due to its catalytic effect on lipid oxidation and its bounding proteins and
membrane lipoproteins of the milk fat globule with the development of unpleasant smell (Lant et al. 2006).

Table 5 showed that the average daily intake of Fe from consumption of 22g examined kariesh cheese, white soft

cheese and 18g yoghurt samples were 0.155, 0.093 and 0.024 mg/day/person, respectively, which represents about
0.28, 0.16 and 0.04% of ADI recommended by FAO/WHO (Codex, 2011).
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The mean concentration of Pb ranged from 0.54 to 0.98 ppm and observed to be the highest level in kariesh cheese,
while plain yoghurt showed the lowest concentration. The high concentration of Pb in cheese samples is due to the
characteristic Pb-binding to casein as the ripening process did not affect the level of Pb (Coni et al. 2010). Pb
concentration in dairy products has been determined by several studies in Egypt. Ibrahim (2004) and Al-Ashmawy
et al. (2008) recorded Pb concentration as 0.13-0.98 pg/g and 0.03-0.2 ug/g respectively in kariesh cheese. These
levels were lower than our results. The higher levels of Pb in our result may be attributed to the increased
environmental pollutions which come from different sources (waste disposal, atmospheric deposition, urban effluent,
vehicle exhausts etc.).

Table 5 showed that the average concentration levels of lead in the examined kariesh cheese, white soft cheese and
yoghurt samples was 0.98, 0.94 and 0.54ppm for each type respectively, which gave daily intake of about 0.022,
0.020 and 0.012 mg/day/ person from consumption of 22g cheese or 18g yoghurt. This daily intake is 4.40, 4.00 and
2.40% of ADI recommended by FAO/WHO (Codex, 2011).

The concentrations of Cu were ranged from 1.14 to 2.13 pg/g., 0.90 to 1.72 pg/g., and 0.73 to 1.29 in kariesh
cheese, white soft cheese and plain yoghurt respectively. These values of Cu were higher than those reported by
Guler (2007) and Pilarezyk et al. (2013) who determined Cu contents in the range of < limit of detection to 0.738
mg/kg in different dairy products. The contamination of Cu in milk can occur from different sources as animal feed,
high Cu content of water also from Cu bearing and Cu alloys used in equipment (Mitchell 1981).

On the other hand, table 5 showed that the average daily intake of Cu from consumption of 22g examined kariesh
cheese, white soft cheese and 18g yoghurt samples was 0.039, 0.022 and 0.014mg/day/person which represents
about 0.01, 0.06 and 0.04% of ADI recommended by FAO/WHO (Codex, 2011).

The Cd mean levels in the present study were ranged between 0.18 to 0.27ppm. These results were similar to that
obtained by Malhat et al. (2012) who found Cd in a concentration ranged from 0.2 to 0.288 mg/kg in different dairy
products, while our findings were higher than those reported by Hafez and Kishk (2008) (0.0018 mg/kg) for cow’s
milk; El-Sayed et al. (2011) (0.002—0.039 mg/kg) for milk collected from different areas in Egypt and by Rahimi
(2013) (0.00951 mg/L) for milk. These higher values of Cd may be due to either anthropogenic or natural origin
(deposition of Cd in soils from the atmosphere and fertilizers) (Arafa et al. 2014). The values of Cd were not
significantly different between all products of our milk product samples; this may be attributed to the close
association of Cd to the soluble fraction and its dispersion between casein and components of low molecular mass
(Anastasio et al. 2006).

Table 5 declared that the average concentration of Cd in the examined kariesh cheese, white soft cheese and yoghurt
samples was 0.27, 0.23 and 0.18 ppm for each type respectively that gave daily intake of about 0.0051, 0.0049 and
0.0004 mg /day/person from consumption of 22g cheese and 18g of yoghurt that contributed about 7.29, 7.00 and
0.57% of ADI recommended by FAO/WHO (Codex,2011).

Table (4) showed that permissible limit of pb according to the Codex Alimentarius Commission (2014) was 0.02
ppm and all the examined dairy product samples are exceeding these permissible levels. On the other hand 100% of
the examined dairy product samples were exceeded the permissible levels that recommended by and IDF Standard
(1979) for Fe, Cu, and Cd which are 0.037, 0.01 and 0.0026 ug/g for each respectively. Higher levels of these metals
in our dairy product samples may be attributed to the use of sewerage water for agriculture purposes that may be
directly accessed by animals for drinking. Bioaccumulation of these metal residues in soil, fodder and vegetables
may have a main role in the contamination of the milk composition (Javed et al. 2009).

Table (1):-Occurrence of AFM1 in dairy product samples collected from local markets in Sharkia.

Dairy products Examined Positive samples Min-max Mean +SE
samples N. N (%) (ng /Kg) (ng /Kg)
Kariesh cheese 30 15 (50 %) 0.98-5.92 2.78+ 0.45
White soft cheese 30 12 (40%) 1.05-3.68 3.56+ 0.37
Plain yoghurt 30 9 (30 %) 0.31-0.82 0.47+ 0.05
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Table (2):- Comparing the detected levels of AFM1 (ug/kg) in the examined dairy product samples to
levels of the existing regulations

Dairy products Positive Exceeding Egyptian Exceeding EC regulations (b)
samples regulations (a) (0.25 pg/Kg for cheese)
0.0 png//kg (0.05.ug/Kg) for milk products.
N (%) Range N (%) Range
Kariesh cheese 15(50 %) 15(100 %) 0.98 -5.92 15(100 %) 0.98 -5.92
White soft cheese 12(40%) 12(100%) 1.05-3.68 12(100%) 1.05-3.68
Plain yoghurt 9 (30 %) 9 (100 %) 0.31-0.82 9 (100 %) 0.31-0.82

(a)- Egyptian Standard, (2007).

Table (3):- Mean levels of heavy metals in the examined dair

(b)- (European Commission Regulation, 2006

product samples:

Dairy products Kariesh cheese White soft cheese Plain yoghurt
Metals
MeanzS.E
Fe Min. 6.31 3.14 1.21
(ppm) Max 7.80 5.12 1.59
Mean +SE 7.03+0.15 4.25+ 0.34 1.38+ 0.063
Pb Min. 0.89 0.76 0.35
(ppm) Max 1.34 1.46 0.57
Mean +SE 0.98+ 0.06 0.94+ 0.13 0.54+ 0.03
Cu Min. 1.14 0.90 0.73
(ppm) Max 2.13 1.72 1.29
Mean +SE 1.67+0.11 1.23+0.22 0.80+ 0.05
Cd Min. 0.22 0.19 0.14
(ppm) Max 0.31 0.31 0.36
Mean +SE 0.27+£0.04 0.23+ 0.02 0.18+0.01

Table (4):- The examined dairy product samples that comply with the permissible limits for the analyzed heavy

metals:
Metals Permissible limits Dairy product samples within permissible limit
(ppm) Kariesh cheese | White soft cheese Plain yoghurt

No. % No. % No. %
Fe 0.037% 0 0 0 0 0 0
Pb 0.02% 0 0 0 0 0 0
Cu 0.01% 0 0 0 0 0 0
cd 0.0026 ° 0 0 0 0 0 0

a: IDF Standard (1979)

b: - Codex Alimentarius Commission (2014)

Table (5):-Comparison of Acceptable Daily Intake (ADI) value of heavy metals with the calculated daily intake of
the examined dairy products:

Metals ADI Mean of metals in total Calculated average daily intake of metals
mg /60kg examined dairy product from consumption of 22g,22g and 18g /day °
person? samples (ppm mg /day/person %°

Fe 56 Kariesh cheese 7.03 0.155 0.28
White soft cheese 4.25 0.093 0.16
Plain yoghurt 1.38 0.024 0.04
Pb 0.5 Kariesh cheese 0.98 0.022 4.40
White soft cheese 0.94 0.020 4.00
Plain yoghurt 0.54 0.012 2.40
Cu 35 Kariesh cheese 1.67 0.039 0.01
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White soft cheese 1.23 0.022 0.06
Plain yoghurt 0.80 0.014 0.04
Cd 0.07 Kariesh cheese 0.27 0.0051 7.29
White soft cheese 0.23 0.0049 7.00
Plain yoghurt 0.18 0.0004 0.57

a: according to FAO/WHO (Codex, 2011).
b: Daily consumption for adult person according to (FAO, 2009 &Al-Ashmawy, 2011&Meshref et al, 2015 )
c: Percentage calculated to ADI.

Conclusion:-

In conclusion, the present study revealed high contamination of Kariesh, white soft cheese and even plain yoghurt
with AFM1 and toxic levels of heavy metals (Fe, Pb, Cu and Cd) which comprise a public health hazard. And so
strict regular monitoring of heavy metals in milk and dairy products, storage of food under a condition which
prevents mould growth, Implementing a food control system, such as the HACCP (Hazard analysis and critical
control points) system in the food industries are recommended. Aflatoxin Blcontaminated feeding for dairy cattle
should be avoided.This seems to be the most practical way for decreasing the AFM1 contamination level in dairy
products.
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