
Introduction

The essential nature of trace elements is widely
accepted. The indispensable feature of the most
prominent of these trace elements rests on their role as
functional or structural components of crucial
metalloenzymes and metalloproteins (1). Disorders of
essential elements arise from inadequate intake, genetic
defects, excessive exposure, or impaired elimination.
Severe deficiency is rare, but aspecific symptoms and
reduced protection against risk factors have been
ascribed to suboptimal intake of trace elements (2,3).

Zn is an important constituent of several enzymes
mainly carbonic anhydrase and alkaline phosphatase, in
the organic matrix (4-8). The major part of the total body
Zn is in the bones and competes with Cu for absorption
from the intestinal tract. The relation between Cu and Zn
is very much similar to that between calcium and
phosphorus (9,10). Clinical symptoms attributed to
chronic Zn deficiency include impaired immunofunction,
increased susceptibility to infections, poor wound healing,
persistent skin disorders and poor growth (11-13).

It is known that Cu plays a role in the biochemical
pathways of mammals, and is a building block of many
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Abstract: This study was undertaken to investigate the Cu, Zn, Ca, P and Mg levels of blood serum and the Cu and Zn levels of
wool from clinically healthy Chios ewes grazed in meadows in the Ayd›n region. A total of 100 blood and wool samples from various
villages in different districts of Ayd›n (Germencik, Yenipazar, Çine, Koçarl› and the central district) were studied. The Zn and Cu
values were determined by an atomic absorption spectrophotometer. Serum Ca, P and Mg were measured by photometer using
commercially available kits.

The average Cu, Ca, P and Mg values of sera were near to the normal values. However, the Zn levels of sera and wool were lower
than the normal values. Likewise, the amounts of Cu in wool were below the normal levels. The levels of Cu, Zn, Ca, Mg and P in
serum and the values of Cu and Zn in wool showed highly significant differences among the districts (P < 0.001). There were no
significant correlations between serum and wool values of Cu and Zn (P > 0.05). In the light of these findings, the rations of animals
grazing in meadows are recommended to be reinforced with Zn and Cu, at least in the winter.
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Ayd›n Bölgesindeki Sak›z Koyunlar›n›n Çinko, Bak›r, Kalsiyum, Fosfor ve
Magnezyum De¤erlerinin Tayini

Özet: Bu çal›flmada Ayd›n bölgesindeki meralarda otlayan, klinik olarak sa¤l›kl› görünen sak›z koyunlar›n›n serumlar›ndaki Cu, Zn,
Ca, P ve Mg seviyeleri ile yünlerindeki Cu ve Zn düzeylerinin araflt›r›lmas› amaçland›. Çal›flman›n materyalini Ayd›n'›n ilçelerinden
(Germencik, Yenipazar, Çine, Koçarl› ve Ayd›n merkez) toplanan toplam yüzer adet serum ve yün örne¤i oluflturdu. Zn ve Cu
de¤erleri atomik absorpsiyon spektrofotometresinde, Ca, P ve Mg de¤erleri ise ticari kitler kullan›larak fotometrede tespit edildi.

Ortalama serum Cu, Ca, P, ve Mg düzeyleri normal de¤erlere yak›n olarak bulunurken yündeki Cu ve Zn düzeyleri ile serumdaki Zn
düzeyi normal de¤erlerin alt›nda tespit edildi. Cu, Zn ve di¤er mineraller yönünden ilçeler aras›nda istatiksel olarak önemli
farkl›l›klar›n bulundu¤u tespit edildi (P < 0,001).  Serum ile yünlerdeki bak›r ve çinko de¤erleri aras›nda istatiksel olarak önemli bir
fark bulunmad› (P > 0,05). Bu bilgiler ›fl›¤›nda, Ayd›n bölgesi meralar›nda otlayan koyunlar›n rasyonlar›na en az›ndan k›fl mevsiminde
Cu ve Zn takviyesinin yap›lmas›n›n yararl› olaca¤› kan›s›nday›z.

Anahtar Sözcükler: Sak›z koyunu, bak›r, serum, yün, çinko
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enzymes that have key functions in the metabolism (14-
16). Copper levels in tissues and body fluids depend on
diet, state of health, age and sex (17). 

Magnesium is an important mineral in the human
body and is mostly deposited in the skeleton. Absorption
and transport of magnesium are affected by calcium and
phosphorus. Magnesium is one of the 4 bulk metals in the
human body. It is a co-factor for about 300 cellular
enzymes (18).

Calcium has several important functions in the
formation of bone and dental tissues, in the releasing of
hormones, contraction of muscles and glycogen
metabolism (12). 

Phosphorus has various important functions in cells,
such as the phosphate bonds in ATP as sources of energy
for the contraction of muscles, neurological functions and
electrolyte transport, among others (12).

The aim of the present study is 3-fold. The first is to
determine the serum levels of Zn, Cu, Ca, P and Mg as
well as the wool Cu and Zn values of Chios ewes grazed
in the meadows of the Aydın region and to determine
whether there is any deficiency in these elements.
Another aim was to determine the differences in those
elements among the districts the Aydın region. 

Materials and Methods

In this study, a total of 100 units of blood and wool
samples, belonging to clinically healthy Chios ewes aged
between 1 and 2 and grazed in meadows in the Aydın
region were used. Collection of material was performed
in the spring. Five districts (Germencik, Yenipazar, Çine,
Koçarlı and the central district) were selected for the
study. Blood samples were collected from the jugular vein
and centrifuged at 3000 rpm for 5 min. Supernatants
were separated to determine Zn, Cu, Ca, Mg and P levels.
To measure the serum Zn and Cu levels the supernatants
were diluted 20 times in a solution of 0.1 N HCl and
levels were determined as described previously (19) using
an atomic absorption spectrophotometer (Variant Spectra
AA 220). Levels of Ca, P and Mg were determined by
Microlab 2000 (Merck) using commercially available kits
(Biomedical Systems, Barcelona, Spain). The analyses
were carried out according to the manufacturer’s
recommendations.

Wool was collected from each ewe and stored at +4
ºC until use. Wool samples were washed 4 times in a

solution containing 1% Triton x 1000. Following the
washes they were dried over a period of 2 h at 100 ºC:
100 mg from each sample was weighed and incubated in
1/5 nitroperchloric acid at 60 ºC for 6-7 h. Dissolved hair
samples were diluted with 1% Triton x 100. The
measurement was carried out with an atomic absorption
spectrophotometer (20).

Statistical analysis was carried out using the SPSS
10.0 program. ANOVA was used for comparison of
districts and Pearson’s correlation coefficient test was
used for the correlation analysis. A value of P < 0.05  was
considered statistically significant.  Variables are reported
as mean ± SE.

Results

As shown in Table 1, in Chios ewes from different
districts the mean Cu levels of serum were within normal
values (between 116.1 µg/dl and 147.3 µg/dl), whereas
the level of wool Cu was remarkably below the normal
values (between 2.1 µg/g and 3.06 µg/g). Except for
one district (Germencik) Zn values in both wool and
serum were below the reference levels (between 43.7
and 89.3 µg/dl in serum and 54.2 and 74.7 µg/g in
wool). The average values of Ca, P and Mg were near to
normal values and they showed significant differences
between districts (Table 2). No correlation was found
between the serum and wool values of Cu and Zn (P >
0.05). 

Discussion

Epidemiological studies have in the past been very
fruitful in linking low levels of trace elements such as Cu
and Zn in the environment or in the tissues of subjects to
particular disease states. Even if the concentrations of an
element in the blood are currently at or near normal,
prior recent exposure can be documented by determining
the concentration of the suspected element in wool at
various distances from the scalp. Therefore wool offers a
good way of discerning long-term variations in trace
element concentration by providing a better assessment
of normal trace element concentrations (21,22).

In this study Cu values of sera from Chios ewes from
different districts were between 116.1 µg/dl and 147.3
µg/dl, while wool Cu levels were between 2.1 µg/g and
3.06 µg/g. The levels of Cu in serum were consistent with
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the previous findings (14,23), which were reported as
normal for healthy sheep, whereas the values of wool Cu
were below the normal values. These controversial
results may be explained by the fact that concentrations
of Cu found in the wool do not reflect the status of Cu in
the body at the time the sample was collected, but at

some prior time. Many investigators (8,24,25) reported
that the levels of serum Zn in sheep should be between
80 and 120 µg/dl. In contrast to these findings our
results were between 43.7 and 89.3 µg/dl. Furthermore,
wool Zn values were measured between 54.2 and 74.7
µg/g. The values obtained in this study were remarkably
lower than those of previous studies (4,14,26).

The serum levels of Ca, P and Mg were within the
reference values in all the districts (25). 

In summary, it has been shown that the values of Zn
in Chios ewes grazing around the Aydın region were
lower than normal values. It has also been shown that the
average wool Cu levels of the animals used in this study
were remarkably lower than the reference values. In the
light of these data, it is thought that there is a Cu and Zn
insufficiency in the rations given to the animals in the
winter and these rations are recommended to be
reinforced with Zn and Cu, at least in the winter.
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Table 1. The average levels of copper and zinc in serum and in wool of Chios ewes.

Counties Cu in serum µg/dl Zn in serum µg/dl Cu in wool µg/g Zn in wool µg/g 

Yenipazar 147.3 ± 15a 69.4 ± 8.9cd 2.1 ± 0.34a 59.9 ± 7.8 

Çine 116.1 ± 13b 53.9 ± 14bc 2.46 ± 0.43b 60.4 ± 9.1 

Koçarlı 138.4 ± 15b 43.7 ± 5.4ab 2.43 ± 0.46b 74.7 ± 8.4 

Germencik 118.2 ± 6.1b 89.3 ± 14d 3.06 ± 0.41c 64.1 ± 7.1 

Central district 116.7 ± 6.3b 46.3 ± 5.6a 2.28 ± 0.7a 54.2 ± 6.6 

F 6.756*** 7.943*** 29.823*** 1.226NS 

a,b,c,d : Differences between the values involving different letters on the same column are significant,
***= P<0.001, NS = Non significant.

Table 2. The average serum levels of calcium, phosphor and magnesium
of Chios ewes. 

Counties Ca mg/dl P mg/dl Mg mg/dl 

Yenipazar 13.65 ± 0.54c 7.18 ± 0.26a 2.12 ± 0.15b 

Çine 10.87 ± 0.40b 6.06 ± 0.3b 1.25 ± 0.078a 

Koçarlı 11.28 ± 0.51b 5.96 ± 0.21b 2.22 ± 0.21b 

Germencik 8.28 ± 0.25a 5.27 ± 0.23b 2.35 ± 0.02b 

Central district 9.16 ± 0.27a 5.36 ± 0.26b 2.2 ± 0.077b 

F 25.92*** 6.96*** 12.15*** 

a,b,c,d : Differences between the values involving different letters on
the same column are significant, ***= P<0.001.
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