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Summary: This study was conducted to evaluate the accumulation of copper and zinc in serum, hair and feaces of goats fed
diets supplemented with organic Cu and Zn at levels of 25% lower than NRC (12) recommendations. Totally female kids were
divided equally into two groups fed rations supplemented with organic (treatment, n=12) and inorganic (control, n=12) copper and
zinc. Treatment diets was supplemented with 5.25 mg/kg DM copper chelate (2-hydroxy—4-methylthiobutyrate) and 15 mg/kg DM
zinc chelate (2-hydroxy—4-methylthiobutyrate) whereas control diet was supplemented 7 mg/kg DM copper sulphate, 20 mg/kg DM
zinc sulphate in the ration. At the end of the experiment in both treatments copper and zinc levels in serum and copper and zinc levels
in hair samples were found higher than the average values at the beginning of the experiment, but the difference between the average
values were not statistically significant. The average copper and zinc levels in serum and copper levels in hair samples of treatment
group were found numerically higher than control group. Moreover the average zinc levels in hair samples were also numerically
higher in control group. At the end of the study, the average faeces copper and zinc levels (P<0.001) were significantly lower in the
treatment group. Although organic copper and zinc were given to the female kids in low levels (at level of 25%), we confirmed that
this amount gave similar results to inorganic copper and zinc and organic minerals were found at lower levels in the faeces.
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Rasyona eklenen organik bakir ve organik c¢inko iz minerallerinin disi oglaklarda birikim ve atilma
diizeyleri iizerine etkisi

Ozet: Bu calisma, NRC (12) tarafindan kegiler icin 6nerilen diizeylerin %25°1 oraninda azaltilarak rasyona eklenen organik
yapidaki bakir (Cu) ve ¢inko (Zn) minerallerinin serum ve kildaki mineral birikim diizeyi ile diskida atilan mineral diizeyine etkisini
degerlendirmek igin yapildi. Oglaklar biri organik (deneme, n=12) ve digeri inorganik (kontrol, n=12) bakir ve ¢inko minerallerini
iceren rasyon verilen iki gruba ayrildi. Deneme grubuna 5.25 mg/kg KM bakir-selat (2-hydroxy—4-methylthiobutyrate) ve 15 mg/kg
KM ¢inko-selat (2-hydroxy—4-methylthiobutyrate), kontrol grubuna ise 7 mg/kg KM bakir-siilfat, 20 mg/kg KM ¢inko-siilfat verildi.
Deneme sonunda her iki grubun serum bakir ve serum ¢inko ile kil bakir ve kil ¢inko ortalama degerlerinin deneme basina gore daha
yiiksek diizeyde oldugu, ancak ortalama degerler arasindaki farkin istatistiksel agidan 6nemli olmadig1 belirlendi. Serum bakir ve
serum ¢inko ile kil bakir ortalama degerlerinin deneme grubunda, kil ¢inko ortalama degerinin ise kontrol grubunda rakamsal olarak
daha yiiksek diizeyde oldugu saptandi. Digki bakir ve diski ¢inko ortalama diizeylerinin deneme grubunda kontrol grubuna goére
6nemli oranda (P<0.001) diisiik oldugu belirlendi. Organik bakir ve organik ¢inkonun oglak rasyonunda %25 oraninda daha diisiik
diizeyde kullanilmalarina ragmen inorganik bakir ve inorganik ¢inko ile benzer ve digkida daha diisiik bir sonug ortaya koyduklari
saptanmistir.

Anabhtar sozciikler: Bakir, ¢inko, digki, kil, organik mineral, serum

are generally added to the diet in low levels. High-level
utilization poses a risk of toxicity and causes pollution by
increasing discharge in the faeces (11,20).

Introduction
Low concentrations of trace minerals in the
organism, even after making much important physiological

mechanism is required for continuity. Otherwise lose the
health of animals, the yield falls, and serious economic
losses occur (22,26). It is well known that trace mineral
deficiency and diseases affiliated with mineral
deficiencies are prevalent in worldwide. Inorganic salts
(oxides, sulfates) are generally added to the diet to
prevent deficiencies (20,22,26). However, trace minerals
usually antagonize other elements within the diet. They

Because organic minerals are absorbed without
alterations, except for large molecule proteinates, and are
stored in their same organic forms because no antagonism
is formed, it has been stated that absorption and
bioavailability of organic minerals are high (3,16,23). It
is also known that organic minerals are not discharged by
feaces as much as inorganic minerals because they are
found in smaller levels in the diet (2,15, 17,27).
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In this study, it was aimed to compare the levels of
Cu and Zn levels in serum, hair and faeces of kids fed
diets supplemented with organic mineral sources and
kids fed diets 25% lower than recommended mineral
levels.

Material and Method

A total of twenty four, 9 months old female Saanen
x Hair Goat (F;) and Alpin x Hair Goat (F;) kids were
used in the study. The female kids were divided into two
groups as following: control (n=12; Saanen F;. 6, Alpin
F,.6) and treatment (n=12; Saanen F,. 6, Alpin F,. 6). The
control group was fed with 7 mg/kg DM copper-sulfate
and 20 mg/kg DM zinc-sulphate (14). The treatment
group was given 5.25 mg/kg DM copper-chelate (Cu-2-
hydroxy—4-methylthiobutyrate) and 15 mg/kg DM zinc-
chelate (Zn-2-hydroxy—4-methylthiobutyrate) in an
organic form, which is 25% less than recommended
mineral level. The ration was organized to provide the
nutrient requirements of the goat (14).

Trial was conducted with the approval of local
Ethics Committee (approval no: 124-HEK/2009/65).
Experiment is lasted in 60 days after 15 days of
adaptation period. . The kids were fed as a group. The
concentrate and vitamin-mineral premix were weighed
daily for each group and given as a single meal. Wheat
straw was given in two parts after the concentrate was
consumed. A total of 832 g of ration weighed and given
to kid and ad libitum water was given during the
treatment.

Blood samples were collected from vena jugularis
in the beginning and end of the study. Blood samples
were collected in the morning before feeding. Cu and Zn
levels were determined spectrophotometer (Shimadzu
Corp. UV-1601, Australia) using a commercial kit
(Randox, Cu:Cu2340 and Zn:Zn2341, Ardmore, United
Kingdom).

Concentrate and wheat straw samples were taken at
the beginning of the study and hair samples (close to the
skin) were taken at the beginning and end of the study
from the kid’s shoulder, rib and hind. The faeces sample
was taken from the rectum with the aid of a finger at the
end of the study in the morning after feeding. The copper
and zinc levels of the samples were determined by using
ICP (Inductively Coupled Plasma Spectro - Optima 2100
DV ICP/ OES, PERKIN ELMER).

The statistical analyses were performed using the
SPSS 15.0 package program. The differences of the
group means for the examined parameters in the group
were determined using Student’s t-test (25).

Results
Ration composition given to kids is shown in Table
1. The Cu and Zn levels in wheat straw and consantrate
are presented in Table 2. Serum copper and zinc levels at

the beginning and end of the study are given in Table 3.
The Cu and zinc levels determined in the hair and feaces
are given in Table 4 and Table 5 respectively.

Table 1. The ration composition given to kids.
Tablo 1. Arastirmada oglaklara verilen rasyonun bilesimi.

Control Treatment
Ration Composition (%) (hi)rr:;i i (ggzg i

mineral) mineral)
Wheat straw (%)DM 48.08 48.08
Consantrate (%)DM 48.08 48.08
Vitamin-mineral mix” (%) 3.84 3.84
ME, kcal’/kg DM (analysis) 2854 2854
CP, g/kg DM (analysis) 164 164
Cu, ppm*(from premix) 7 5.25
Zn, ppm*(from premix) 20 15
Cu, ppm (from wheat straw) 3.48 3.48
Zn, ppm (from wheat straw) 3.92 3.92
Cu, ppm (from concentrate) 3.06 3.06
Zn, ppm (from concentrate) 8.12 8.12

*In 1.0 kg of the vitamin-mineral mix, there is 16 000 000 IU
vitamin A, 3 200 000 IU vitamin Ds, 32 000 mg vitamin E, 80
g salt, 320 g DCP, 640 mg manganese, 1120 mg iron, 16 mg
iodine, 3.20 mg cobalt, 6.40 mg selenium, 16 mg
molybdenum, and 256 mg magnesium. Also, there is 640 mg
zinc and 224 mg copper in the inorganic mix, and 480 mg
zinc and 168 mg copper in the organic mix.

DM; dry matter, ME; metabolic energy, CP; crude protein

Table 2. Cu and Zn levels in wheat straw and concentrate (DM,
ppm).

Tablo 2. Bugday samani ve yogun yemdeki Cu ve Zn degerleri
(KM, ppm)

For Control and treatment

groups
Wheat straw Cu (DM, ppm) 7.25
Wheat straw Zn (DM, ppm) 8.16
Consantrate Cu (DM, ppm) 6.38
Consantrate Zn (DM, ppm) 16.9

DM; dry matter, KM; kuru madde

Table 3. Serum copper and zinc levels at the beginning and end
of the study (pg/dl).

Tablo 3. Deneme basi ve deneme sonu serum ortalama Cu ve
Zn degerleri (ng/dl).

Control Treatment F
Group Group

(]fl: 12) X+S (Il: 12) X+5.
Initial serum Cu level 85.739+4.878 77.338+4.541 0.2208 NS
Final serum Cu level 123.093+5.309 127.780+5.848 0.5590 NS

Initial serum Zn level 105.339+3.275 107.438+3.585 0.6697 NS
Final serum Zn level 116.262+3.719 122.474+4.631 0.3075 NS

NS: non-signficant
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Table 4. Hair copper and zinc values at the beginning and end of the study (ppm).
Tablo 4. Deneme basi ve deneme sonu kil ortalama Cu ve Zn degerleri (ppm).

Control Group Treatment Group F
(n=12) X5 (n=12) X5
Initial hair Cu level 13.755+0.356 13.048+0.423 0.2154 NS
Final hair Cu level 16.509+0.745 17.920+0.636 0.1642 NS
Initial hair Zn level 145.000+7.237 143.700+8.561 0.9088 NS
Final hair Zn level 156.191+£11.652 153.466+7.809 0.8480 NS
NS: non-signficant
Table 5. The mean Cu and Zn values in the kids faeces (ppm).
Tablo 5. Digkida bulunan ortalama Cu ve Zn degerleri (ppm).
Control Group Treatment Group F
(n: 12) ?isi (n: 12) ?isi
Final feaces Cu level 34.089+2.078 24.246+1.619 0.001**
Final feaces Zn level 90.127+4.654 51.640+3.669 0.001**
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**: P<0.001

Discussion and Conclusion

The serum Cu levels determined at the beginning
and end of the study did not differ significantly.
However, while the mean serum Cu value was
numerically higher in the control group at the beginning
of the study, the treatment group’s mean serum copper
value was higher at the end of the study. Similarly, the
difference between the mean serum zinc values was not
statistically significant; it was numerically higher in the
treatment group at the end of the study (Table 3). Rojas
et al. (18) showed that the serum zinc value significantly
(P<0.05) increases in lambs given organic minerals Ryan
et al. (20) demonstrated that the plasma copper value
(P<0.001) and plasma zinc value (P<0.05) in sheep given
lower levels of organic minerals were significantly high.
Similar findings were reported by Eckert et al. (7) for
copper proteinate and Eren et al. (8) for copper-chelate
and zinc-chelate in sheep and by Mondal et al. (13) for
the organic forms of copper, zinc and manganese that
were given at a 50% lower level. Additionally, Rojas et
al. (19) in heifers, Salama et al. (21) in goats, and Spears
and Kegley (24) found similar organic and inorganic
minerals levels in serum samples collected from calves.

Although the mean hair Cu value seemed to be
numerically higher in the control group at the beginning
of the study, the treatment group had numerically higher
Cu values at the end of the study (Table 4).

There was no difference statistically significant in
the mean hair Zn value between the control and treatment
groups. However, at the beginning and end of the study,
the mean hair zinc values were numerically higher in the
control group (Table 4). Ryan et al. (20) showed that
adding zinc to the diet of Texel sheep increases the wool
zinc level significantly (P<0.05); however, giving the
zinc in forms of a sulphate or an amino acid chelate did

not give a significant difference. Wright and Spears (29)
determined that the hair of the calves given zinc
proteinate accumulate a higher level of zinc compared to
calves given zinc sulphate but that the difference was not
statistically significant. It has previously been determined
that adding zinc that has been chelated with amino acids
to the diet enables hair to grow longer in dogs and that
the zinc level is higher in comparison to zinc oxide (12).
Kuhlman and Rompala (9) compared that the hair of the
dogs given copper, zinc and manganese proteinate with
dogs given copper, zinc and manganese sulphate but that
the difference was not statistically significant. Similar
findings were reported by Eren et al. (8) for copper-
chelate and zinc-chelate in sheep.

In this study, the mean Cu and mean Zn values
found in the faeces of the treatment group were
significantly lower (P<0.001) compared to the control
group (Table 5). Similar results have been demonstrated
in other studies. Research by Nocek et al. (15) in cows,
by Wagner et al. (27) in calves and by Mondal et al. (13)
in male calves suggest that absorption and bioavailability
of organic trace minerals are higher. Thus, when added to
the animal rations in lower levels, there is less excretion
via faeces and thereby less pollution. Similar results have
been found trial conducted with pigs (1,4,5,6,10) and
steer (28).

According to the examined parameters, although
25% less organic copper and organic zinc was added to
the kids diet, similar levels were determined for some
parameters compared to inorganic copper and zinc, and
organic minerals were found at lower levels in the faeces.
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