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Abstract

In the current work, Cd, Co, Cr, Cu, Fe, Ni, Pb and Zn concentrations were measured in the feed samples of the
dairy cattle by means of atomic absorption spectrophotometer. For this purpose a total of 47 common vetch, hay,
concentrate feed and wheat samples were collected from the villages of Thrace region. The average
concentrations of Cd, Co, Cr, Cu, Fe, Ni, Pb and Zn were found as 1.15 £ 0.19, 3.22 + 0.64, 4.51 = 1.60, 3.46 +
0.94,90.6+13.5,7.1+0.4,9.2+3.9,42.2 + 9.2 mg kg™, respectively, in dry matter. The highest concentrations
of Cu, Fe, Zn were found in the concentrate feed samples while the highest concentrations of Cd, Co, Cr, Ni, Pb
have been found in the hay samples. Factor analysis was performed in order to distinguish sources of measured
elements. High positive correlation coefficients were observed among Cd, Co, Cr, Ni, Pb amounts of the feed.
Average Cd concentrations of common vetch, hay and wheat samples were found higher than limit value
recommended by dairy food organization.
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Tiirkiye’nin Trakya bolgesinde hayvan yemlerindeki eser element
konsantrasyonlari

Ozet

Bu ¢alismada siithane inegi yemlerindeki Cd, Co, Cr, Cu, Fe, Ni, Pb ve Zn konsantrasyonlar1 atomik absorpsiyon
spektrofotometresi ile 6lgiilmiistiir. Bu amagla toplam 47 adet fig, saman, suni yem ve bugday 6rnegi Trakya
bolgesinin bazi kdylerinden toplanmistir. Ortalama Cd, Co, Cr, Cu, Fe, Ni, Pb ve Zn konsantrasyonlar1 sirasiyla
1.15 £ 0.19, 3.22 = 0.64, 4.51 + 1.60, 3.46 = 0.94, 90.6 + 13.5, 7.1 £ 0.4, 9.2 + 3.9, 42.2 + 9.2 mg kg™ kuru
agirlik olarak bulunmustur. En yiiksek Cu, Fe, Zn konsantrasyonlari suni yemde bulunurken, en yiiksek Cd, Co,
Cr, Ni, Pb konsantrasyonlar1 saman &rneklerinde bulunmustur. Olgiilen elementlerin kaynaklarini ayirt etmek
icin faktor analiz uygulanmistir. Yemlerdeki Cd, Co, Cr, Ni, Pb miktarlar1 arasinda yiiksek pozitif korelasyon
katsayilar1 gézlenmistir. Fig, saman ve bugdaydaki ortalama Cd konsantrasyonlar siithane gida organizasyonu
tarafindan tavsiye edilen limit degerlerden daha yiiksek bulunmustur.

Anahtar kelimeler: Siithane inegi, ¢iftlik hayvani yemi, eser element.
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Introduction

Although trace elements present in very low
levels in human, animal and plant tissues, as
compared to macro elements, some of them
have fatal significance for growth and
reproduction. Optimum levels of Cu, Fe and Zn
are beneficial for living organisms while even
very low levels of As, Cd, Hg and Pb may have
toxic effects.

There are strong relationships among trace
element levels of air, water, soil and plants.
These strong relationships also continue in the
cycle of plant (livestock feed)-livestock tissues-
dairy products. Hay, wheat, pasturage, corn
silage and soybean are some of the commonly
used homegrown livestock feeds. Some soil
properties such as cation exchange capacity, pH
and salinity restrict the cycle of many heavy
metals through the dairy food chain (Li et al.
2005). Trace elements penetrate to plant tissues
via root, atmospheric accumulation, fertilizers
and insecticides (Voutsinas et al. 1990; Tewett
and Naidu 2000; Alberti-Fidanza et al. 2002),
which indicates that properties of soil such as
pH, texture and cation exchange capacity;
properties of locality such as distance to
highways and metal industry; and cultivation
processes determine trace element levels of soil
and homegrown feeds.

Deficiency of any nutrient of dairy cattle
will decrease production of milk and milk
components. However, excessive amounts of a
nutrient in the diet of dairy cattle may decrease
the efficiency of nutrient utilization and profits
for dairy producers (NRC 2001). Therefore
main nutrients and microelements should be
balanced to provide the requirement of the dairy
cattle.

Advanced organisms take trace elements
mainly by respiration and digestion. Hazardous
compounds and elements such as dioxin,
pesticide and toxic metals can be accumulated
in food chains which may also reach to the
human body (Caggiano et al. 2005), and
indicates the necessity of determining levels of
the pollutant in livestock feed as well as in the
human diet. The determination of essential and

toxic elements in the homegrown feeds which
can be used as a livestock feed is useful because
of the fact that it reflects degrees of atmospheric
deposition and soil pollution as well as essential
and toxic element levels which may potentially
enter into the food chains. There is limited data
about the heavy metal levels of dairy feeds
(McDonald et al. 1981; Nicholson et al. 1999;
Farmer and Farmer 2000). The aims of the
present study are; to determine trace element
concentrations of the dairy cattle feed collected
from Thrace region, and to assess the variability
of trace element levels in respect of various
feed types and different localities.

Material and Methods

The feed samples of dairy cattle have been
taken into plastic bottles from villages of
Havsa, Hayrabolu, Malkara and Uzunk&prii
towns in the summer of 2007. These towns are
situated in the Thrace region which is a
European part of Turkey. Milk demand of big
cities such as Istanbul and Tekirdag is mainly
provided from dairy farms situated in Thrace
especially in Havsa, Hayrabolu, Malkara and
Uzunkdprii towns, that is why these towns were
selected for element analysis. Sampling stations
were close to centers of the industrialized cities
of Edirne and Tekirdag.

A total of 47 feed samples were dried at
40°C up to a constant weight. Approximately
100 g of each unwashed common vetch, hay,
concentrate feed and wheat samples were
powdered. The samples were digested with
concentrated nitric acid in a microwave
digestion unit. For this purposes, 0.5 g of the
samples were put into teflon vessels and 8 ml
concentrated nitric acid (65% HNO;) was
added. After appropriate dilution, final
solutions were analyzed for Cd, Co, Cr, Cu, Fe,
Ni, Pb and Zn using an atomic absorption
spectrophotometer (Shimadzu AA 680, air—
C,H,, background correction mode). The
concentrations for each sample solution were
measured  three  times. The  reported
concentrations (mg kg™) are mean values of
three replicates. Blank solutions were prepared
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under the same conditions as the samples to
control possible contamination during the
preparation procedures of the samples.
Individual results of each town were obtained
by calculating average village values of that
town. Accuracy of the digestion and measuring
processes were checked by analysis of reference
material from MAPEP (Mixed Analyte
Performance Evaluation Program).

Pearson’s correlation, factor analysis and
Kruskal-Wallis H tests were performed using
SPSS 11.0 for Windows in order to assess the
relationship between measured trace element
concentrations, studied areas and the feed types.
Factor analysis was performed using principal
component analysis extraction and Varimax
rotation methods.

Results

Trace element concentrations of common
vetch, hay, concentrate feed and wheat samples
in Havsa, Hayrabolu, Malkara and Uzunkoprii
are reported in Table 1 and Table 2. Average
trace element concentrations of the studied
towns and those of other investigations are also
presented in Table 3. The average
concentrations of Cd, Co, Cr, Cu, Fe, Ni, Pb
and Zn were found as 1.15 + 0.19, 3.22 &+ 0.64,
4.51 £1.60,3.46 £0.94,90.6 £ 13.5, 7.1 £ 0.4,
9.2 + 3.9, 422 + 9.2 mg kg™ respectively, in
dry matter. The concentrations ranges were
found as 0.14-1.71 for Cd, 0.88-5.11 for Co,
<LLD-10.33 for Cr, 1.01-8.89 for Cu, 35.9-
135.2 for Fe, 5.4-8.6 for Ni, <LLD-25.8 for Pb
and 16.0-99.0 mg kg™* for Zn (Table 2). The
highest concentrations of Cu, Fe, Zn were
found in the concentrate feed samples while the
highest concentrations of Cd, Co, Cr, Ni, Pb
were found in the hay samples. The
concentrations of Cd, Co, Cu, Fe, Ni and Zn
were detected in all feeds while Cr and Pb were
found as under the detection limit for some
cases. Average trace element levels were found
in decreasing order as: Fe > Zn > Pb > Ni > Cr
> Cu > Co > Cd. Very high variation
coefficients has been found except for Fe and
Ni in accordance with results of Caggiano et al.

(2005). All trace element concentrations
displayed normal distribution (p > 0.05).

Discussion

It is known that Cu, Fe and Zn are essential
elements for metabolic processes of plants.
Plants may take higher amounts of Cu, Fe and
Zn from the soil and accumulate them in the
long term. In the studied area, common
homegrown feeds are cultivated by farmers in
their own farms and manure is added to the
cultivation soil as a source of organic matter
and minerals. On the other hand, concentrate
feed is a commercial product and fabricated
mainly by using mixtures of minerals and
proteins. It is suggested to supplement the
livestock feed Cu, Fe and Zn if the
concentration values of livestock diet are lower
than recommended (European Commission
2003a, 2003b). Hence, essential elements are
expected to be added to concentrate feed at
optimum levels in the meanwhile avoiding the
inclusion of toxic elements. Excessive addition
of trace elements to livestock feed may also be
the reason for the high amount of those
elements in the manure applied to farming lands
(Li et al. 2005). Consequently, trace elements
may reach humans via manure-soil-livestock
feed-livestock tissues-dairy products.

As mentioned above, slightly higher levels
of Cu, Fe and Zn were observed in the
concentrate feed compared to the homegrown
feeds (Table 1, 2). However, approximately 8
times higher Cu and 2 times higher Zn
concentrations has been found by Li et al
(2005) in imported corn grain mix relative to
homegrown feeds in their study. Chronic Cu
poisoning is common in cattle which has diet
supplemented with just 4-5 times higher Cu
amount than the necessary (NRC 2001). In the
present study, Cu value was slightly lower than
the recommended value of the European
Commission (2003a) for concentrate feed
(Table 3). Average Fe concentration (90.6 +
13.5 mg kg™) which was found in this study is
reasonable since Fe exists in the environment
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Table 1. Trace elements concentrations in the feed samples (mg kg™)

Town Village Feed type Cd Co Cr Cu Fe Ni Pb Zn
Common vetch 1.45 3.96 <LLD* 1.35 71.4 8.88 2.85 20.3
Hay 1.45 3.70 <LLD 0.52 74.8 8.05 22.03 24.9
Bakiglar
Concentrate feed 0.21 0.82 <LLD 7.62 120.1 7.48 2.94 97.8
Wheat 1.26 3.19 0.12 1.25 34.1 7.66 5.68 25.5
Common vetch 1.33 4.54 <LLD 1.27 44.1 7.12 29.61 217
. Hay 1.27 3.64 <LLD 0.70 87.6 7.50 10.69 27.4
Havsa Cukurkdy
Concentrate feed feed 0.13 1.11 <LLD 8.37 119.0 7.11 8.79 95.1
Wheat 1.56 3.87 <LLD 1.05 35.5 8.16 30.70 23.1
Common vetch 181 5.67 <LLD 0.75 77.9 8.05 44.97 135
Tahal Hay 1.24 4.39 <LLD 7.72 79.6 6.37 36.16 32.0
Concentrate feed 0.07 0.94 <LLD 0.65 119.6 7.11 6.27 93.2
Wheat 0.91 4.12 <LLD 1.80 38.0 6.52 31.00 26.8
Common vetch 0.23 1.08 2.50 5.54 90.4 1.41 0.36 27.4
Cene Hay 1.84 2.10 7.89 6.10 73.9 10.29 7.36 69.0
Concentrate feed 1.65 2.16 12.21 7.10 72.9 10.08 6.04 91.5
Common vetch 1.45 3.00 1.68 297 116.6 7.11 4.96 43.9
Haydere Hay 1.51 3.03 <LLD 2.40 58.2 6.52 11.16 40.8
Hayrabolu
Concentrate feed 1.06 2.11 1.69 2.85 119.9 6.96 1.41 42.2
Common vetch 1.60 1.71 5.74 5.65 119.9 9.06 3.54 55.9
Hay 1.77 2.20 5.86 5.50 119.2 8.95 4.95 57.4
Kabahoyiik
Concentrate feed 1.50 1.84 1.98 3.05 118.8 6.40 5.19 44.4
Wheat 0.28 0.88 1.39 2.97 119.4 5.43 1.05 43.2
Common vetch 1.27 4.18 6.07 0.50 16.8 6.06 11.59 5.8
Aksakal Concentrate feed 1.45 4.50 10.14 1.57 119.7 8.17 8.80 24.2
Wheat 0.14 0.54 1.04 10.83 271.8 1.90 0.15 43.1
Common vetch 0.20 0.52 3.50 6.81 123.6 2.20 <LLD 27.6
Balli Concentrate feed 1.57 3.37 4.87 412 58.5 9.58 16.0 53.6
Wheat 1.44 2.82 3.90 3.57 59.9 6.87 8.8 44.9
Malkara Common vetch 1.47 4.95 5.56 2.32 118.1 7.54 11.32 29.8
Emirali Concentrate feed 1.38 4.27 5.44 0.65 745 6.36 10.72 6.9
Wheat 1.75 5.34 6.64 3.82 105.6 9.30 10.66 45.9
Common vetch 1.42 4.48 2.31 1.97 118.4 6.52 6.99 35.6
Hay 1.44 4.68 10.33 3.67 1175 8.47 12.27 48.7
Kavakcesme
Concentrate feed 0.28 1.20 2.56 5.14 118.4 1.37 0.40 28.5
Wheat 1.44 4.63 7.02 3.75 103.5 8.14 8.94 46.5
Common vetch 1.41 2.05 <LLD 1.87 86.7 7.62 2.43 23.1
Hay 1.29 5.25 <LLD 1.15 89.1 7.54 2.11 18.4
Malkog
Concentrate feed 0.04 1.63 <LLD 8.77 120.1 9.25 <LLD 98.7
Wheat 1.30 5.56 <LLD 1.17 35.6 8.46 2.02 25.1
Common vetch 1.44 4.65 <LLD 1.37 42.1 8.53 3.34 20.4
o Hay 1.35 5.07 <LLD 1.07 66.8 5.85 2.68 16.1
Uzunkoprii Karayayla
Concentrate feed 0.28 1.56 0.39 8.95 119.1 5.13 <LLD 96.2
Wheat 1.47 4.38 <LLD 1.25 345 5.73 7.05 23.8
Common vetch 1.65 5.89 <LLD 1.90 71.2 7.39 4.09 20.7
Hay 1.42 5.02 <LLD 0.80 59.2 6.61 2.10 13.6
Kavacik
Concentrate feed 0.12 2.02 <LLD 8.95 119.5 7.81 <LLD 102.0
Wheat 1.32 4.96 <LLD 1.25 38.7 6.96 151 25.2

* Lower limit of detection
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abundantly and is required in very small mounts
by dairy cattle, thus Fe deficiency rarely occurs.
At the same time, Fe content in the feeds is
much lower than the value of 1000 mg kg™
which is accepted as toxic by NRC (2001).

Cd, Cr, Ni and Pb concentrations appeared
to be slightly higher compared to the literature
values while Cu and Zn concentrations are
close to the literature values except the mineral
mix (Table 3). Average Cd value was found
higher than the limit value given by the
European Commission (2003c) as 1 mg kg™
except for concentrate feed. Cd and Pb can be
transported to long ranges in the atmosphere
and accumulate in unpolluted areas by
precipitation rather than soil enrichment
(Pacyna et al. 2001). The studied area is close

to industrial cities like Edirne and Tekirdag,
which may explain the high levels of Cd and Pb
for the homegrown feeds. Pb is accumulated
presumably by foliar uptake via atmospheric
accumulation rather than root uptake. Elevated
Cd, Cr, Ni and Pb content of soil which the
homegrown feeds have been cultivated and/or
deposition through atmospheric long range
transportation may be the reasons for the
comparatively high level of these metals.
Caggiano et al. (2005) similarly have found the
greatest metal concentrations in the farm close
to anthropogenic sources. Also, Cd is more
mobile than other contaminant elements
measured in this study (Li et al. 2005).

Pearson’s correlation and factor analysis results
were displayed in Table 4 and Table 5,

Table 2. Average trace element contents in the feed samples (mg kg™)

Town Feed type Cd Co Cr Cu Fe Ni Pb Zn
Common vetch 1.53+£0.14* 4.72+0.50 < LLD** 1.12+£0.19  64.4+104 8.0+0.5 2584123  185+25
Hay 1.32+0.07 3.91+0.24 <LLD 298+237  80.6+3.7 73+0.5 23.0+7.4 28.1+2.1
Havsa
Concentrate feed  0.14+0.04  0.96 +0.08 <LLD 5.55+246 119.6+0.3 7.2+0.1 6.0+1.7 954+1.3
Wheat 1.24+0.18 3.73+£0.28 0.12+£0.35 1.35+022 359+1.1 74+0.5 22.5+8.4 25.1+1.1
Common vetch 1.09+043 1.93+0.57 331+£124 4.72+088 109.0+9.3 59+23 29+14 42.4+83
Hay 1.71+£0.10  244+0.30 529+346 4.67+1.15 83.7+183 8.6+ 1.1 77+1.8 55.7+8.2
Hayrabolu
Concentrate feed  1.40+0.18 2.04+0.10 6.88+1.02 4.33+1.33 103.8+155 7.8+1.1 42+14 59.4+16.1
Wheat 028+0.53 0.88+0.94 139+1.18 297+1.72 119.4+109 54+23 1.1£1.0 43.2+6.6
Common vetch 1.09+0.30 3.53+1.02 436+0.88 290+136 94.2+258 56+1.2 10.0+ 1.5 24.7+6.5
Hay 1.44+£120 4.68+2.16 1033+3.21 3.67+1.92 117.5+£10.8 85+29 123+3.5 48.7+7.0
Malkara
Concentrate feed  1.17+0.30 3.34+0.75 575+1.59 287+1.05 92.8+15.5 64+138 9.0+3.2 28.3+9.6
Wheat 1.19+036 333+1.10 4.65+139 549+1.78 1352+46.7 6.6+1.6 7.1+24 45.1+0.7
Common vetch 1.50+0.08 4.20+1.13 <LLD 1.71+0.17  66.6 +13.1 7.8+0.3 33405 21.4+0.9
Hay 1.35+0.04 5.11+0.07 <LLD 1.01 +£0.11 71.7+9.0 6.7+0.5 23402 16.0+ 1.4
Uzunkoprii
Concentrate feed  0.56+0.21 1.74+0.14 039+0.62 889+0.06 119.5+0.3 74+12 <LLD 99.0+ 1.7
Wheat 136 £0.05 4.97+0.34 <LLD 1.17£0.03  363+13 7.1+0.8 35+1.8 24.6+0.5

* Standard deviation of mean
** Lower limit of detection
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(Table 3). Average Fe concentration (90.6 +
13.5 mg kg™) which was found in this study is
amounts by dairy cattle, thus Fe deficiency
rarely occurs. At the same time, Fe content in
the feeds is much lower than the value of 1000
mg kg which is accepted as toxic by NRC
(2001).

Cd, Cr, Ni and Pb concentrations appeared
to be slightly higher compared to the literature
values while Cu and Zn concentrations are

reasonable since Fe exists in the environment
abundantly and is required in very small
close to the literature values except the mineral
mix (Table 3). Average Cd value was found
higher than the limit value given by the
European Commission (2003c) as 1 mg kg™
except for concentrate feed. Cd and Pb can be
transported to long ranges in the atmosphere
and accumulate in unpolluted areas by
precipitation rather than soil enrichment

Table 3. Trace elements concentrations of livestock feed samples in the current and other investigations (mg kg™)

Reference Feed type Cd Co Cr Cu Fe Ni Pb Zn
Ha 0.23 5.4 34.7
Farmer and Y (0.16-0.35) (158-1.94)  (24.8-45.2)
Farmer 2000 basturade 0.32 3.97 18.42
g (0.10-0.72) (2.80-5.85)  (9.8-27.7)
68421 238
Hay (alfalfa) 0.07 0.71 (3-11.4) 0.19 (13-54)
Imported
. : 382+ 46.7 154 + 122
Li et al. 2005 rcnoll;(n grain 0.34 1.83 (3-232) 0.25 (23-495)
3060 =
Mineral mix 1.58 69.3 5(3012??;)6 285 2170 (45-
6980)
McDonald et Grass silage 8 33
al. 1981 Hay 7.3-13.4
Grass silage <0.1 0.21 6.2 0.8 <1 30
Nicholson et g
al. 1999 Hay 011 0.28 6.8 0.8 36 29
Baranowska G138 0.11-0.63 0.16-136 35.2-55.9
t al. 2005
eta Cereals 0.20-0.31 105547  14.9-288
European Hay 7.3-9.0 28
Commission, i
2003 a Cornsilage 7.6 27-29
S;g;]mon 130+0.12%  3.60+0.61 3.84+0.53  2.61+0.72 83.5£109  68+0.6 105453 267454
Hay 1.46+0.09  4.04+0.59 7.81+2.53  3.08=0.77 884+100 7.8+0.5 113444 371492
Current study fcezzce””ate 082029  2.02+050 434+2.00  541+1.28 108.9+65  73+03 6.4+ 1.4 710(0;57i
Wheat 1.02£025 323086 205+£135  2.75+1.00 81.7£26.5  6.6+04 8.6+48  345+56
Average 1LI5£0.19%  322+0.64 451+£1.60 346+094  90.6+13.5  7.1+04 92+£39  422+92

* Standard deviation of average
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(Pacyna et al. 2001). The studied area is close
to industrial cities like Edirne and Tekirdag,
which may explain the high levels of Cd and Pb
for the homegrown feeds. Pb is accumulated
deposition through atmospheric long range
transportation may be the reasons for the
comparatively high level of these metals.
Caggiano et al. (2005) similarly have found the
greatest metal concentrations in the farm close
to anthropogenic sources. Also, Cd is more
mobile than other contaminant elements
measured in this study (Li et al. 2005).

Pearson’s correlation and factor analysis
results were displayed in Table 4 and Table 5,
respectively. Factor 1 explained 44.1% of total
variance while Factor 2 and 3 explained 22.3%
and 17.6%, respectively.

The high positive correlation coefficients
were observed among Cu, Fe, Zn (Table 4).

presumably by foliar uptake via atmospheric
accumulation rather than root uptake. Elevated
Cd, Cr, Ni and Pb content of soil which the
homegrown feeds have been cultivated and/or
Homegrown feeds take these elements via air
and roots. Individual common vetch, hay and
wheat samples display approximately equal
levels of airborne trace elements since the
towns are close to each other. Hence, the strong
positive correlations may be expected among
these elements. Cu, Fe, Zn are more available in
soil for plants than other elements measured in
this study because of the fact that intake of
these elements by plants restrict vertical
movement of them in soil. According to factor
analysis result, Cu, Fe and Zn were also
included in same group, Factor 1 (Table 5).
These elements are necessary for plants and

Table 4. Pearson correlation coefficient among measured trace elements

Elements Cd Co Cr

Cu

Fe Pb Zn

Cd 1 T73** 64*

Co 73%* 1 .52

Cr .64* .52 1

Cu -A47 -.68** -13

Fe -.52* -.63** .29

Ni .52* .29 43

Pb .30 37 -13

Zn -.61* - 74%* -12

-47

-.68**

-13

75%*

.03

-.29

89**

-.52* 52* .30 -.61*

-.62** .29 37 - T4%*

.29 .43 -13 -12

75%* .03 -29 89**

1 -24 -.36 63**
-24 1 .36 17
-.36 .36 1 -.29

63** 17 -.29 1

* Correlation is significant at the 0.05 level (2-tailed)
** Correlation is significant at the 0.01 level (2-tailed)

animals at optimum levels, although excessive
levels may be toxic for some tissues and organs.
Cu, Fe and Zn are mainly used in metabolic
processes as metalloprotein and enzyme, they
are also necessary trace elements for livestock
growth.

The high positive correlations were also
obtained between regional trace element

contents of feed samples (Table 6). According
to the Kruskal-Wallis H statistical test, there is
no significant difference among the towns
concerning the trace element levels (p > 0.05).
Cd, Ni and Pb were included in Factor 2
(Table 5). These elements are mainly released
from mines, refineries, phosphate fertilizers,
pesticides and motorized vehicles (Adriano
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1986; Alloway 1995). It is known that As, Cd,
Hg, Pb may be hazardous to organisms even at
very low levels and are generally present in soil
and plants at lower concentrations relatively to
essential trace elements such as Fe and Zn.
Concentrations of As, Cd, Hg, Pb may increase
in manure as a result of ingestion of these
elements by livestock (Li et al. 2005).
Livestock tissues and dairy products generally
do not contain toxic elements such as As, Cd,
Hg and Pb at hazardous levels except in
contaminated areas (Vreman et al. 1986 ;Kan
and Meijer 2007). Cd and Pb are accepted as
contaminant trace elements in the livestock feed
(Li et al. 2005). These elements can accumulate
in tissues of livestock and can return to
livestock in the cycle of manure-soil-livestock

Table 5. Factor analysis Principal component analysis
with Varimax Kaiser Normalization.

Component
Elements
1 2 3

Cd -.660 .556 .369
Co -.813 .367 .048
Cr .063 .073 .958
Cu 914 -.018 222
Fe .695 -.355 490
Ni .085 .952 123
Pb -.379 547 -.212
Zn .982 .079 .031

feed. At the same time, these elements may
reach humans through dairy products and veal.
Bliithgen (2000) reported that average transfer
ratio of Cd and Pb from livestock feed to milk
as <0.05% and <0.1-1%, respectively. Cd
accumulates in kidney and liver while Pb
accumulates in  bone, kidney and liver.
Maximum tolerable concentrations of Pb in the
feed of dairy cattle is 30 mg kg™ (NRC 2001),

which indicates that average Pb value of the
present study (9.2 + 3.9 mg kg™) is safe.

Table 6. Pearson correlation coefficient among regions

Towns Hayrabolu Malkara Uzunk6prii
Havsa 81 ** TL** 97 **
Hayrabolu .96 ** .82 **
Malkara .69 **

** Correlation is significant at the 0.01 level (2-tailed).

Average Co, Cu, Fe and Zn concentrations
in the feed samples were found as 3.22 + 0.64,
3.46 +0.94,90.6 + 13.5 and 42.2 £ 9.2 mg kg™,
respectively. Average Co, Cu, Fe and Zn
concentrations of a dairy cattle diet should be
0.11, 15.7, 34 and 63 mg kg*, respectively,
according to NRC (2001). Weiss (1996) has
reported the same values as 0.1, 10, 50 and 50
mg kg™. It is seen that Cu and Fe concentrations
of the feed samples of the Thrace region are
also lower than recommended values.

Co is accepted as one of the main
microelements for ruminant animals
considering that it is a component of vitamin
B, (NRC 2001). Co is mainly released from
petroleum and coloring industries as well as
subtraction of Ag, Fe, Ni and Pb ores (Adriano
1986; Alloway 1995). In this study, Co was
included in the same group with toxic elements
Cd and Pb, Factor 2.

According to the factor analysis, Cr was
included in Factor 3 (Table 5). Cr, used in
carbohydrate and lipid metabolism, is
considered as a beneficial trace element, but
should be at low levels compared to Cu, Fe and
Zn (Li et al. 2005). Very limited data is
available investigating the acceptable level of
Cr for dairy cattle feeds, though its tolerability
has been shown even for elevated levels (NRC
2001).

Trace element concentrations measured in
the feed of dairy cattle are generally close to
those reported in the literature except for Cd.
The elevated correlation coefficients were
obtained among micronutrient elements.
Comparatively higher Cu, Fe, Zn
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concentrations were observed in the concentrate
feed, attributed to the supplementation, while
higher Cd, Co, Cr, Ni and Pb in the homegrown
feeds were mainly explained with both
atmospheric deposition and root uptake.
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