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Abstract: The objective of this work was to estimate the heavy metals, major and trace elements contents in
eggs produced from local hens in Egypt. One hundred and twelve eggs were collected from 4 sectors
representing different geographic areas in Egypt. Whole eggs were dried, ashed and minerals and heavy metals
were determined using atomic absorptions spectrophotometry. Results indicated that zinc, copper, manganese,
calcium, magnesium, potassium, lead and arsenic were higher in the egg samples collected from Middle Delta
sector. Iodine, iron and cadmium were found in the highest concentrations in the egg samples collected from
North Delta sector. However, selenium concentration was higher in the egg samples collected from South Delta
sector. On the other hand, the egg samples collected from upper Delta sector showed the lowest concentration
in all tested elements. It could be concluded that egg produce in Egypt is deficient in trace elements due to the
deficincy of these elements in diets and or other environmental factors.
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INTRODUCTION and especially for selenium in humans [5] and meat and

The pollution of food products with environmental potential source of Se for humans [6].
contaminants  becomes  more  and   more   documented. According  to  Gochfeld  [7],  toxic  metals  such  as
In general, data about contaminants in food are gathered Cr, Mn and Pb are passed to eggs by hens. Several
to obtain information on background concentrations in reports indicated that food of animal origin can be a good
view  of intake and associated risk assessments. source  for  iodine  depending  on  the  feed  of  the animal
Although most metals are known to be toxic to many [8-10]. So, natural eggs can significantly contribute to
organisms at higher concentrations, several of them also overcoming dietary deficits [11]. According to the recent
participate in important metabolic and signalling pathways published reports, Iodine amount in eggs varies in relation
[1]. Moreover, trace elements iodine, selenium, zinc, iron, to Iodine intake of the hen and that a larger portion of egg
copper and manganese are essential for human and animal iodine is present in the yolk [12,13]. 
nutrition consequently they are supplemented in animal Copper, iron and manganese, beside zinc, belong to
diets and there is a relationship between doses and the most important, basic microelements that are
sources of these elements for animals, accumulation in standardized in poultry feeding. They are accumulated in
tissues and products, excretion from the organism and tissues and organs of birds and also in the content and
accumulation in soil and plants [2]. On the other hand, shells of egg in quite different concentrations, dependent
synthesis, metabolism and action of thyroid hormones on a dose and form of these elements as well as on many
require availability of selenium and iodine and adequate other factors, including physiological ones [14]. 
levels of these elements affect the homeostasis of thyroid Eggs are well known functional foods for humans [5];
hormone dependent metabolic pathways [3,4]. however, despite substantial interest in the trace element

Egg is a highly nutritious food and can be an content of eggs by poultry breeders, nutritionists and
effective delivery system for health-regulating nutrients environmental scientists,  available  data  about  different

eggs from hens fed commercial corn-soybean diet are a
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Fig. 1: A map for Egypt indicated the locations of samples collection.

elements levels in eggs are scarce. So the objective of this Kolthoff  [15]  as  modified  by Groppel et al. [16].
work was to assay different elements and heavy metals Selenium content was carried out according to Brown and
(i.e. iodine, selenium, zinc, iron, copper, manganese, Watkinson  [17]  using  a  semiautomated fluorometric.
calcium, sodium, potassium, magnesium, lead, arsenic and The analysis of the zinc, iron, copper, manganese,
cadmium) concentrations in egg components of local hens calcium, magnesium, sodium, potassium, lead, cadmium
in different geographic areas in Egypt. and arsenic were carried out using atomic absorptions

spectrophotometry (AAS III, Carl Zeiss Jena, Germany).
MATERIALS AND METHODS All elements were analyzed in Institute of Nutrition and

Sampling: One hundred and twelve eggs of local hens
were collected from four sectors representing different Statistical Analysis: All data were subjected for
geographic areas in Egypt during 2007. These sectors statistical analysis using the General Linear Model
were: (1) North Delta; represented by Alexandria Procedure  of  the  Statistical   Analysis   System   [18].
governorate, (2) Middle Delta; represented by Menoufia The significance of the differences among treatment
governorate, (3) South Delta; represented by Cairo groups  was  determined by Waller-Duncan k-ratio [19].
governorate and (4) Upper Egypt; represented by Sohag All statements of significance were based on probability
governorate (Fig. 1). Twenty eight eggs were purchased of P  0.05.
from the local market in each governorate.

Egg Perpetration and Analysis: Within each sector,
whole egg was dried and ashed at 105 and 450°C, Results presented in Table 1 showed that eggs
respectively.  The  analysis  of  iodine  content was obtained from Upper Egypt sector were poor in their
carried according to the method described by Sandell and iodine  content,  being only almost half as low  (P  0.001)

Environment, Friedrisch-Schiller Uni. Jena, Germany.

RESULTS AND DISCUSSION
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as iodine content of eggs of North, Middle or South Delta from Upper Egypt (Table 1). These data were lower than
sectors, which had similar iodine content. The same trend those  reported  by  Fakayode  and   Olu-Owolabi  [30]
was observed when minimum and maximum egg iodine who found that the concentration of iron in eggs from
content was considered. In this concern, Kaufmann et al. hens was found to be 232 mg/kg however; Egg cyclopedia
[8] reported that iodine concentration in eggs significantly [31] reported a 144 mg/kg of fresh mass. On the other
increased with increasing iodine intake of the hens. hand, Copper content in eggs obtained from South Delta
Moreover, FAO/WHO [20] reported that iodine content of sector tended to be lower compared to those in eggs
fresh eggs is 93 µg/100g can significantly contribute to obtained from the other sectors (Table, 1). These results
overcoming  dietary  deficits  and   suggested    that were  in  the  range reported earlier by Elmadfa and
iodine content of food varies with geographic location. Muskat  [28] who  found  that  cupper level ranged from
The recorded values for iodine in whole were similar to 5 to 23  mg/kg  fresh mass while; Uzl blo et al. [32]
that reported by Kaufmann [21] who reported that hen claimed  that    copper     concentration   ranged  from
eggs contain 1135 ± 205 µg iodine per kg of yolk fresh 4.9-7.0 mg/kg fresh mass. 
matter and 49 ± 14 µg iodine per kg of albumen fresh The results clearly indicated that Manganese content
matter. in eggs collected from Middle Delta was higher

Results of selenium concentration in whole eggs significantly (P 0.05) compared to its content in egg
(Table 1) showed that eggs obtained from Upper Egypt obtained from other sectors which was almost similar
sector were found to be poor in selenium content (Table 1). The concentrations of Mn reported herein were
compared to selenium content of eggs collected from lower than those reported previously by Zbigniew et al.
North, Middle or South Delta sectors. The same data [33]  who  found  a  concentration  ranged from 3.92 to
showed that eggs collected from South Delta had the 4.82 mg/kg of fresh mass and Elmadfa and Muskat [28]
highest selenium content. These results reflex the who reported a Mn concentration of 3 mg/kg of fresh
selenium content in the feed consumed by the hen. Payne mass. However, Dobrzañski et al. [34] reported that Mn
et al. [22] stated that selenium concentration in the whole concentration in the eggs ranged from 2.74 to 2.35 mg/kg
egg from hens fed the basal diet was 0.249 ppm. fresh mass. On the other hand, concentrations of Mn did
Moreover, Surai [23] and Payne et al. [22] showed that not differ among the eggs samples of California cities of
selenium  level  in  whole  egg   was   linearly   increased Riverside, Los Angeles and San Francisco [35].
(P 0.01) as dietary selenium level increased. In this In  general,  Fakayode  and   Olu-Owolabi    [30]
regards, selenium level of the eggs collected from the found strong positive correlations between the levels of
Chamfrains Islands was lower than those of the Ebro metals in the feeds and the corresponding levels of metals
Delta which was attributed to the differences in both the in the eggs. The overall average concentrations (mg/kg)
marine contamination and the diet in the two colonies [24]. of each metal in eggs were as follows: copper, 0.78, iron,

The current results indicated that zinc contents in 23.20 and zinc, 13.75. The concentrations of metals in eggs
eggs of Egyptian local hens did not differ significantly reported in the current study did not differ appreciably
among the four studied sectors (Table 1). Minimum values from levels determined in eggs from other countries. Mabe
of zinc in eggs were also similar among the different et al. [36] showed that addition of Zn, Mn and Cu to a
sectors except for of Middle Delta which was showed an basal corn-soybean meal diet increased these metal
observed higher value. Moreover, the maximum values concentrations in egg yolk. Furthermore, Skrivan et al. [2]
were similar except for the eggs collected from Upper reported that the concentration of these metals in egg
Egypt which showed an observed lower value (Fig.2). yolk  from  hen  fed  basal  diet  were  70.4,   116.5   and
Although the literature  contains  different values for zinc 3.32 mg/kg dry matter respectively. While the
in eggs, Inal et al. [25] found that the zinc level of the egg concentrations of these metals in white egg were 11.5, 3.15
yolk of Hisex brown laying hens was 136 mg/kg. However, and 133 mg/kg dry matter, respectively. These results also
depending on a system of hen's husbandry, the may explain the differences in bioaccumulation of the
concentration of zinc in the egg was found 97.7, 131.1 and metal content in the eggs laid by hens from industrialized
135 mg/kg of fresh mass [26-28]. These results suggested and agricultural regions [37].
that zinc levels of egg contents increased linearly as The results of microelements contents presented in
dietary Zn levels increased [29]. Table 2 revealed that the low calcium and magnesium

No significant differences were found in iron content content was found in the eggs collected from Upper
of eggs collected from North, Middle and south Delta Egypt and the higher content of these elements was
however, lower iron content was found in eggs obtained found in the eggs collected from the Middle Delta (Fig. 3).
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Table 1: Trace elements concentrations in eggs collected from different Egyptian sectors (means ± SE) Within the same row, means superscript with different
letters (a, b, c) are significantly different (P < 0.05).

Sector
-----------------------------------------------------------------------------------------------------------------------------------------------------------------
North Delta Middle Delta South Delta Upper Egypt
------------------------------------ ------------------------------------ ----------------------------------- ---------------------------------

Element Min Max Mean ± SE Min Max Mean ± SE Min Max Mean ± SE Min Max Mean ± SE

Iodine (µg/kg DM) 298 841 518 ± 31.8 246 887 504 ± 46.8 227 817 491±52.7 136 425 261 ± 22.9a* a*  a*  b*

Selenium  (µg/kg DM) 0.02 0.85 0.31 ± 0.1† 0.03 0.63 0.25 ± 0.1† 0.3 1.22 0.41 ± 0.13† 0.01 0.41 0.19 ± 0.07†
Zinc (mg/kg DM) 38.6 74.9 58.6 ± 1.37 42.04 129.45 64.3 ± 4.9 42.0 68.5 57.6 ± 1.36 22.5 81.1 56.8 ± 2.89
Iron (mg/kg DM) 60.4 117.3 86.1 ± 2.9 57.28 114.51 77.1±3.4 59.2 110.94 80.9 ± 3.1 32.9 103.55 73.2 ± 3.7ab cb cb c

Copper (mg/kg DM) 0.62 15.5 6.1 ± 0.5 3.2 13.4 6.7 ± 0.6 3.09 9.3 5.6 ± 0.3 1.98 11.1 6.1 ± 0.4
Manganese (mg/kg DM) 0.57 1.82 1.13 ± 0.1 0.73 4.41 1.59 ± 0.2 0.73 1.33 1.02 ± 0.04 0.5 1.5 0.93 ± 0.1b a b b

Table 2: Microelements and heavy metals concentrations in eggs collected from different Egyptian sectors (means ± SE) 

Sector
------------------------------------------------------------------------------------------------------------------------------------------------------
North Delta Middle Delta South Delta Upper Egypt

Element Mean ± SE Mean ± SE Mean ± SE Mean ± SE

Calcium (mg/kg DM) 2354 ± 51.35 2588 ± 191.2 2430 ± 63.61 2297 ± 104.1a b a c

Magnesium (mg/kg DM) 421.8 ± 7.27 442.6 ± 25.59 431.9 ± 11.24 388.1 ± 20.48a b  a c

Sodium (mg/kg DM) 4.09 ± 0.09 4.09 ± 0.21 3.75 ± 0.14 3.57 ± 0.21a a b b

Potassium (mg/kg DM) 4.75 ± 0.14 4.80 ± 0.24 4.46 ± 0.12 4.07 ± 0.24a a a b

Lead (mg/kg DM) 0.228 ±0.04 0.303 ± 0.07 0.178 ± 0.02 0.172 ± 0.02a b c c

Cadmium (mg/kg DM) 0.015 ± 0.005 0.012 ± 0.003 0.006 ± 0.001 0.007 ± 0.002a a b b

Arsenic (mg/kg DM) 0.025 ± 0.004 0.033 ± 0.004 0.023 ± 0.004 0.029 ± 0.006 a  a  a  a

Within the same row, means superscript with different letters (a,b,c) are significantly different (P < 0.05).

Fig. 2: Trace elements concentrations in egg based on dry matter content.

The higher calcium concentration in eggs collected from Table 2 shows that eggs collected from North and
Middle Delta reported in the current study may be due to Middle Delta contain the same higher concentration of
the  its higher content in the feed since the higher calcium sodium and the same lower concentration was found in
requirements for the female during egg production may be the eggs collected from South Delta and Upper Egypt.
resulted in increased calcium absorption in the gut and The  same  data  (Table  2) indicated that eggs collected
consequently increased it content in eggs [38]. from  Upper Egypt  contain  the  lower  concentration  of
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Fig. 3: Microelements and heavy metals content in eggs based on dry matter content.

potassium however; the higher concentration of under risk. Suppose that each person consumes 2 eggs
potassium was found in the eggs collected from Middle per day, thus  the  estimated  daily  intake is within the
Delta followed by those collected from North Delta. safe limits suggested by the Egyptian and CODEX

Eggs collected from Middle Delta was found to standards.
contain the higher concentration of lead followed by the In Conclusion, local hens in Egypt produce eggs
eggs collected from North Delta however; eggs collected very deficient in their trace elements iodine, selenium,
from Upper Egypt contained the lower lead concentration. zinc, iron, copper and manganese content, particularly in
It was of interest to mention that eggs collected from Upper Egypt sector. On the other hand, calcium and
South Delta and Upper Egypt were contained the lower magnesium were higher however; sodium, potassium,
cadmium content however; the samples collected from cadmium, lead and arsenic were found to be in the normal
North and Middle Delta were found to contain the higher range reported in the literature. The deficiency in trace
cadmium content. Furthermore, the higher arsenic elements reported herein may be due to deficincy of these
concentration was found in the samples collected from elements in diets and or other environmental factors.
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