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Abstract

JANČÍKOVÁ, P., HORKÝ, P., ZEMAN, L.: The eff ect of various copper sources on the trace elements profi le in the 
hair, plasma and faeces and copper activity in the organism of horses.  Acta univ. agric. et silvic. Mendel. Brun., 
2012, LX, No. 6, pp. 145–152

In our experiment with 20 mares (3.6–19.8 years old) divided into 3 groups we evaluated the eff ect 
of supplementation with various sources of copper on the trace elements profi le in the hair, blood 
plasma and faeces and copper activity in the organism of horses. The horses were stabled in box stalls 
(similar dimension) with feeding pump, with the access to a paddock or walker. All mares received the 
same basic feed ration that was supplemented with various form of copper (Cu in the organic form – 
proteinate - Bioplex Cu vs. Cu in the inorganic form – CuSO4.5H2O) in amount of 120 mg per day for 
the mares in experimental groups. The contents of trace elements in hair and faeces were established 
using the atomic absorption spectrometry; in the plasma using direct colorimetric determination.
Signifi cant diff erence between mares receiving copper in organic and inorganic form (P < 0.05) was 
detected in the blood levels of copper and iron. In both experimental groups a supplement of copper 
increased its level in the hair as compared to the control group; however this increase was statistically 
signifi cant (P < 0.01) only if the inorganic form of copper was supplemented. The iron content of 
mares hair apparently varied not only with minerals intake, but also with the condition of kept. The 
diff erences of copper concentration in the faeces among the mares of experimental groups with 
regard to control group were signifi cant (P < 0.01). An excessive amount of copper evidently reduced 
the absorption of zinc and iron in mares with addition of copper sulphate.
The mares receiving Bioplex-Cu excreted lower amount of copper in the faeces. These had well-
balanced levels of Cu in the plasma and deposited less Cu in the hair than the mares with addition of 
copper sulphate. In our experiment, it seems to be better available copper in the organic form than in 
the inorganic form for the organism of horses.
Nevertheless, interpretation of these results is very diffi  cult. Evaluation the impact of various sources 
of copper on the elements profi le; assessed using skin derivates, plasma or other parameters should 
be subjected to further observation.

horse, copper sulphate, copper bioplex, hair, faeces, blood plasma 

Elemental Cu is commonly added to formulated 
horse diets to correct or prevent defi ciencies and 
related disorders. Mineral supplements can be 
divided into 2 groups: inorganic salts, typically 
including a sulphate or oxide group, and organic 
chelates, where the mineral is covalently bound 
to an amino acid or proteinate complex. Organic 
chelate minerals require fewer steps to be absorbed, 

making the process more effi  cient compared with 
the inorganic mineral salts (Wagner et al., 2011).

Interaction among trace elements may change 
their effi  ciency. An excessive amount of one trace 
element may reduce the absorption or transport 
of other mineral substances which have a similar 
form (Hill and Matrone, 1970; cit., Herdt and Hoff , 
2011). Among the potential modifi ers reducing 
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copper absorption in the intestine belongs divalent 
cations, in particular zinc, iron and molybdenum 
(Wapnir, 1998; Pagan, 2001). The most of the copper 
is excreted in the faeces; the digestive tract is also 
the main mode of zinc excretion (Wapnir, 1998; 
Hoyt et al., 1995) and the amount of trace elements 
excreted in the excrements clearly corresponds to 
the uptake of these elements in the feed (Schryver 
et al., 1980). 

Despite the lack of scientifi c data to prove 
reliability, hair analyses has been advertised as 
a prognostic and diagnostic tests for dietary mineral 
imbalances in horses (Wells et al., 1990). Research 
to date indicates that concentrations of certain 
trace elements in hair may be related to dietary 
intake (Combs et al., 1982). Dunnett and Lees (2003) 
likewise used hair as an indicator of the mineral 
status of the whole body. Minerals incorporated 
within the follicle refl ect the mineral status at the 
time that the hair fi lament was synthesised (Combs, 
1987). Wells et al. (1990) informed that synergic and 
antagonistic correlations among mineral elements 
and their eff ect on metabolism probably have 
a greater impact on the content of mineral elements 
in hair than the actual insuffi  ciency or oversupply 
of an element. However, there are still uncertainties 
as to whether hair content is well correlated with 
whole body levels and the validity of the approach 
in the horse remains to be confi rmed (Hintz, 2001). 

Blood samples are frequently analysed to 
determine the mineral status of the animals 
(Herdt and Hoff , 2011). However, the blood 

level of minerals does not o� en correspond 
to the content of minerals in the whole body 
because the composition of plasma results from 
supplementation of defi ciencies by highly effi  cient 
homeostatic mechanisms (Radomska et al., 2005; cit., 
Gabryszuk et al., 2010; Lowe et al., 2009). 

The objective of present study was to evaluate 
trace elements status and activity of copper in the 
organism a� er addition of diff erent copper source 
into feed rations. We expected that activity of organic 
copper source in organism of horses will be higher 
than in sulphate form and that an over-supply this 
element in the diets of mares will be directly related 
with the changes of monitored parameters.

MATERIALS AND METHOD
Twenty Bohemian warm-blooded mares were 

included in the experiment for 14 days. The horses 
were stabled in box stalls (similar dimension) with 
feeding pump, with the access to a paddock or 
walker. The mares of various ages (3.6–19.8 years), 
similar weight categories (520–580 kg) and light 
workload were divided into three groups, subjected 
to diff erent mineral feeding modes (Tab. I). 

The mares were fed twice a day by grain mixture 
(at 7 a. m. and 17 p. m.). Five days before and in the 
course of the trial, all animals received the same 
basic feeding ration consisting of ad libitum intake to 
hay that was measured (12.1 ± 0.93 kg hay/day), 1.0 kg 
of oats, 0.75 kg of wheat meal and 0.75 kg of barley 
meal. Nutrient composition of the feeds is showed 
in the Tab. II. 

I: The characteristic of horses and conditions under which the horses were kept

Group Horses Age (years) Colour Paddock
(h/day)

Walker (min/
day)

Daily intake Cu 
(mg)

Organic form 
Cu 
(n = 7)

1 10.7 Bay 8 - 195

2 6.6 Bay - 45 195

3 10.8 White - 45 195

4 5.6 Bay - 45 195

5 8.4 Bay - 45 195

6 5.5 Bay 8 - 195

7 8.6 Chestnut - 45 195

Inorganic form 
Cu
(n = 7)

8 3.8 Bay - 45 195

9 13.7 Bay 8 - 195

10 17.7 Bay 8 - 195

11 12.7 Chestnut - 45 195

12 16.6 Bay 8 - 195

13 8.3 Bay 8 - 195

14 5.8 Bay 8 - 195

Control
(n = 6) 

15 8.8 Bay 8 - 75

16 5.7 Bay 8 - 75

17 3.6 White 8 - 75

18 3.6 Bay 8 - 75

19 3.9 Bay 8 - 75

20 9.8 Chestnut - 45 75
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Horses in the experimental groups received 
additional copper (Cu) in various forms at level 
of 120 mg/day with their evening (17 p. m.) grain 
feed ration. Group named “organic form Cu” (n 
= 7) received Cu in the organic form – proteinate 
(Bioplex Cu, ALLTECH), while Group “inorganic 
form Cu” (n = 7) was fed with Cu in the inorganic 
form – CuSO4.5H2O, and Group “control” (n = 6) 
received fodder without the Cu enrichment and 
was used as a control group. The amount of mineral 
substances in water was not taken into account. No 
additional minerals and vitamins were supplied in 
the diet.

Blood samples for the required analyses were 
taken on day 1st (initial – before supplementation) 
and 14th (fi nal – a� er supplementation) of the 
trial. The samples were taken at the same time (2 
hours a� er morning feeding); the mares were not 
physically strained or stressed before the blood 
sampling. The blood was taken from the vena 
jugularis externa into plastic samplers with an 
anticoagulation solution – heparin. Immediately 
a� er the collection, the samples were placed in 
a transport cooling box and not later than within 
2 hours they were processed and stored to be used 
in following analyses. The blood was centrifuged 
for 20 minutes (2300 rpm) and the resulting plasma 
was frozen. Direct colorimetric determination of 
the copper, zinc and iron concentrations without 
deproteination in the plasma was conducted on the 
apparatus Konelab T 20 xt (THERMO ELECTRON 
OY, Finland). 

During the last fi ve days of the experiment 
(a� er 9 days of supplementation with various 
copper sources) samples of the faeces were taken, 
approximately 200 g/day. A� er drying up the 
samples were prepared and the contents of trace 
elements were assessed using atomic absorption 
spectrometry. A homogeneous sample charge of 
0.5 g was mineralized in the mixture of concentrated 
nitric acid and hydrogen peroxide in the ETHOS 
1 microwave system (MILESTONE, Italy). A� er 
the sample decomposition, the solution of 
demineralised water was added to achieve the 
volume of 25 ml. The concentration of elements in 

solutions prepared this way was established on the 
atomic absorption spectrometer with a continual 
radiation source of high resolution Model Contr 
AA 700 (ANALYTIC JENA, Germany). Wavelengths 
used were as follows: Zn 213.857 nm, Fe 248.327 nm 
and Cu 324.754 nm.

Samples of hair were taken to assess the content 
of deposited trace elements. On the fi rst day of the 
experiment, a piece of mane hair was removed 
from the nape in horses and the trial samples were 
obtained from the same place a� er experimental 
periods (14 days). The samples of hair were rinsed in 
water containing a degreasing preparation and then 
repeatedly rinsed in demineralised water, dried and 
prepared for analyses. The content of the individual 
trace elements was also assessed using the method 
of atomic absorption spectrometry. 

The basic statistical parameters of the set of results 
(mean, standard deviation) obtained from the 
individual groups and their statistical comparisons 
were processed in Microso�  Excel. The results 
were statistically assessed using Student’s t–test 
for pair and unpaired samples. The correlations 
and regression analyses of associated values in 
various biological materials were also performed in 
Microso�  Excel.

RESULTS
The average initial (1st day) and fi nal (14th day) 

level of monitored elements in the blood plasma 
of horses, their standard deviations and statistical 
dependences are presented in Tab. III. The initial 
samplings did not show any signifi cant diff erence 
between the groups in any of the monitored 
parameters. The results show that the intervention 
into the feeding rations of mares resulted in 
a signifi cant diff erence (P < 0.05) in the plasma 
contents of Cu and Fe between the mares receiving 
various forms of copper. The levels of the other 
elements did not change.

The object of interest was also the evaluation 
of hair as an indicator of the trace elements status 
(Tab. IV). The copper content increased signifi cantly 
(P < 0.01) in mares supplemented with copper 

II: Nutrient composition of the feeds making up the basic feed ration for horses

Meadow hay Oat Meal*

Dry matter (g) 880.40 873.10 902.10

Fiber (g) 303.07 102.91 20.85

Fat (g) 21.73 42.71 19.47

Crude protein (g) 94.00 119.38 121.98

Ash (g) 71.39 29.53 21.30

Ca (g) 2.60 0.68 0.40

Mg (g) 1.15 1.08 1.03

Fe (mg) 157.03 93.25 60.16

Zn (mg) 35.10 32.06 34.83

Cu (mg) 5.85 5.11 5.01

* 50 % wheat meal, 50 % barley meal
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sulphate as compared to mares in control group. 
Even though the level of copper in the mane hair of 
mares receiving Bioplex-Cu increased considerably, 
compared to mares of the control group this increase 
was not statistically signifi cant. The levels of zinc 
in the mane hair did not diff er among individual 
groups. 

Low iron levels in hair of mares receiving copper 
in organic form unrelated only with metabolism 
of copper but also with conditions of kept. Highly 

signifi cant diff erences (P < 0.001) were found 
between the mares with and without an access to 
paddock (Fig. 1). Hair concentrations of copper and 
zinc between the mares with diff erent conditions of 
kept did not diff er.

The aim of our experiment was also to fi nd out 
how the application of various sources of copper 
aff ects her concentration and levels of other trace 
elements in the horse faeces (Tab. IV). The results 
indicate that intervention into the feed rations of 

III: Statistical evaluation (Student pair t-test) of changes in the level of monitored elements in the blood plasma of horses (mean ± Sx)

Group Taking
Plasma parameters

Cu
(mg.kg−1)

Zn
(mg.kg−1)

Fe
(mg.kg−1)

Organic form Cu
(n = 7)

1st day 0.96 ± 0.11 0.58 ± 0.04 1.13 ± 0.24

14th day 0.93 ± 0.13 0.64 ± 0.11 1.55 ± 0.25 x

Inorganic form Cu
(n = 7)

1st day 0.87 ± 0.11 0.56 ± 0.06 1.52 ± 0.45

14th day 0.78 ± 0.08 x 0.57 ± 0.07 1.28 ± 0.17

Control
(n = 6)

1st day 0.95 ± 0.11 0.53 ± 0.04 1.33 ± 0.14

14th day 0.86 ± 0.14 0.59 ± 0.05 1.52 ± 0.38

Changes between the samplings were in terms of groups and individual parameters: x signifi cant (P < 0.05)

IV: Statistical evaluation (Student unpair t-test) of the trace elements in the dry matter of hair, faeces and plasma of horses a� er a supplement 
of a diff erent copper sources (mean ± Sx)

Organic Cu (n = 7) Inorganic Cu (n = 7) Control (n = 6)

Hair
(mg.kg−1)

Zn 153.41 ± 41.058a 178.73 ± 19.419a 168.25 ± 26.139a

Cu 15.32 ± 1.129AB 17.39 ± 2.322B 13.46 ± 1.974A

Fe 93.32 ± 60.848b 258.75 ± 179.360a 202.86 ± 112.036ab

Faeces
(mg.kg−1)

Zn 41.58 ± 1.450aA 45.56 ± 2.299B 52.89 ± 9.911b

Cu 11.57 ± 0.899B 12.10 ± 1.232B 8.28 ± 0.682A

Fe 822.83 ± 321.968a 1 302.04 ± 364.114b 1 025.12 ± 144.623ab

Plasma
(mg.kg−1)

Zn 0.64 ± 0.11 0.57 ± 0.07 0.59 ± 0.05

Cu 0.93 ± 0.13a 0.78 ± 0.08b 0.86 ± 0.14ab

Fe 1.55 ± 0.25a 1.28 ± 0.17b 1.52 ± 0.38ab

Diff erences between the groups within the framework of the individual elements were as follows: abc – signifi cant 
(P < 0.05); ABC – signifi cant (P < 0.01) 

1: The level of iron (mg.kg−1) in the dry matter of mane hair (mean ± Sx) in the mares with different condition of kept (mean ± Sx)
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mares in the experimental groups signifi cantly 
increased (P < 0.01) the content of copper in 
excrements. The zinc content in mares of the 
experimental groups was lower than in mares of 
the control group; however the diff erence was 
statistically signifi cant (P < 0.05) only between the 
control group and mares with addition Bioplex-Cu. 
Signifi cant diff erences were also found out in the 
contents of zinc (P < 0.01) and iron (P < 0.05) between 
mares of the experimental groups.

We evaluated the correlation between the level 
of Cu in blood plasma and the concentration of 
copper in the excrements (Fig. 2). In the group of 
mares receiving Bioplex-Cu (r = −0.90) the content 
of copper in the faeces increased highly signifi cantly 
(P < 0.01) with decreasing concentration of copper in 
the blood plasma; in mares receiving the inorganic 
form of copper (r = −0.74) this correlation was 
conclusive at the level of 0.05 signifi cance and in 
mares of the control group (r = −0.30) the correlation 
between these variables was not detected. 

We also evaluated the correlation between the 
level of copper in the blood plasma and its amount 
deposited in the hair of the mares and between the 
content of copper in hair and its concentration in 
the faeces. The correlations among these variables 
were not signifi cant.

DISCUSSION
The animals are capable of accumulating 

an oversupply of copper in the liver and thus 
maintaining the concentration of blood copper 
within a normal range. Consequently, monitoring 
serum copper concentration to determine copper 
toxicosis is not recommended (Herdt and Hoff , 
2011). Also Ott and Asquith (1995) found no eff ect 
of diff erent copper levels in the diet on the copper 
plasma levels. Naile et al. (2005) supplemented the 
feed rations of yearlings with copper sulphate and 
Cu-plex which resulted in a signifi cant increase (P 
< 0.05) its level in the serum of horses fed the organic 

form in comparison to horses supplemented with 
sulphate. This trend however was discovered in 
only one of the 3 periods of the trial. Pal et al. (2010) 
reported higher plasma levels of Cu and Zn when 
organic forms of these trace elements were used. 
Wagner et al. (2010) found no eff ect of source on the 
serum concentration of either Cu or Zn in yearling 
horses. Brommer and Sloet van Oldruitenborgh-
Oosterbaan (2001) reported that blood iron 
concentrations were lower (P < 0.05) in the two box-
stalled groups as compared to the pastured group. 
Plasma iron levels in our experiment were not 
diff ered between mares with access to the paddock 
or walker. Copper is essential for mobilization of 
iron stores (NRC, 2007); higher activity of organic 
form of copper in the organism may be reason 
elevation the content of Fe in the plasma in the mares 
with supplement Bioplex–Cu. The blood plasma is 
not a suitable indicator of the mineral status of the 
animals; the levels of blood copper of the mares in 
experimental groups did not diff er from the control 
group but may be an indicator of copper activity 
in the organism which was signifi cantly higher in 
mares receiving bioplex (P < 0.05) than in the mares 
receiving copper sulphate (Tab. IV).

According to Biricik et al. (2005) the serum 
and hair copper concentrations did not refl ect 
the copper levels used in diet. Jacob et al. (1978) 
discovered a positive correlation between copper 
intake and its level in rat hair. O’Mary et al. (1970) 
likewise concluded that the level of Cu in the diet 
had an eff ect on the Cu concentration in the hair 
of cattle. The content of copper in the mane hair 
refl ected increasing diet amount of copper in our 
experiment. The mineral content of mares hair 
apparently varied not only with mineral intake, but 
also with the condition of kept. Brommer and Sloet 
van Oldruitenborgh-Oosterbaan (2001) reported 
that an absolute defi cit of body iron may occur in 
stabled foals. The authors concluded that soil from 
the pasture was an important source of iron, since all 

2: Correlation between the level of copper in the blood plasma and its concentration in the faeces
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foals were eating the same grass and only the pasture 
group had access to soil. In our study also deposited 
the mares with the access to paddock (access to soil) 
more iron in the dry matter of mane hair than mares 
without this option (Fig. 1). 

Wagner et al. (2005) did not detect a signifi cant 
diff erence in the absorption of copper and zinc 
when their oxide, sulphate and organic-chelate 
forms were fed. Naile et al. (2005) also used various 
forms of copper and from their results it is evident 
that in two of the three periods the excretion of 
the organic form of copper in the excrements was 
signifi cantly higher (P < 0.05) than of the inorganic 
form of copper. Feeding of Cu and Zn from 
methionine-chelated source resulted in reduced 
excretion of Cu and Zn in faeces indicating their 
better utilization (Pal et al., 2010). Mondal et al. 
(2007) also reported lower excretion of Cu through 
Cu-proteinate as compared to CuSO4. Wagner et al. 
(2011) reached the conclusion that when horses were 
supplemented with organic and inorganic forms of 
Cu and Zn the concentration of these elements in 
the faeces increased. Faecal mineral excretion for 
the groups refl ected the disparity in mineral intake. 
Apparent Cu absorption as a percentage of intake 
and retention as a percentage of intake seemed to 
be greater when the horses consumed organic form 
of Cu compared with the sulphate form. In our 
experiment the absorption of copper was slightly 

less eff ective in mares receiving the inorganic form 
of copper and the concentrations of copper in the 
faeces refl ected increasing amount of copper in 
the diet. An excessive amount of copper evidently 
reduced the absorption of zinc and iron; mineral 
substances which have a similar form (Herdt and 
Hoff , 2011). The absorption of zinc and iron were 
the most aff ected in mares with addition of copper 
sulphate.

CONCLUSION
The results show that the intervention into the 

feeding rations of mares resulted in a signifi cant 
diff erence (P < 0.05) in the plasma contents of Cu 
between the mares receiving various forms of 
copper. Copper hair content increased signifi cantly 
(P < 0.01) in the mares received inorganic form 
of Cu and in both of the groups with Cu addition 
increased signifi cantly (P < 0.01) the content of 
copper in excrements.

The mares receiving Bioplex-Cu excreted lower 
amount of copper in the faeces. These had well-
balanced levels of Cu in the plasma and deposited 
less Cu in the hair than the mares with addition of 
copper sulphate. In our experiment, it seems to be 
better available copper in the organic form than in 
the inorganic form for the organism of horses.

SUMMARY
The purpose of our work was to assess the eff ect of various copper sources on the trace elements 
profi le in the hair, plasma and faeces and copper activity in the organism of horses.
The 20 healthy mares were divided into three groups and subjected to diff erent mineral feeding 
modes. All mares received the same basic feed ration that was supplemented with various form of 
copper (Cu in the organic form – proteinate – Bioplex Cu vs. Cu in the inorganic form – CuSO4.5H2O) 
in amount of 120 mg per day for the mares in experimental groups. The mares in the control group 
received grain feed without the Cu enrichment. The contents of trace elements in hair and faeces 
were established using the atomic absorption spectrometry; in the plasma using direct colorimetric 
determination.
Signifi cant diff erence between mares receiving copper in organic and inorganic form (P < 0.05) was 
detected in the blood levels of copper and iron. In both experimental groups a supplement of copper 
increased its level in the hair as compared to the control group; however this increase was statistically 
signifi cant (P < 0.01) only if the inorganic form of copper was supplemented. The iron content of 
mares hair apparently varied not only with minerals intake, but also with the condition of kept. The 
diff erences of copper concentration in the faeces among the mares of experimental groups with 
regard to control group were signifi cant (P < 0.01). An excessive amount of copper evidently reduced 
the absorption of zinc and iron in mares with addition of copper sulphate. The absorption of copper 
was less eff ective in mares receiving the inorganic form of copper. In this group the level of copper in 
the blood plasma was the lowest, the amount excreted in the excrements the highest and the mares 
deposited the highest amount of copper in the hair. In contrast, the amount of copper excreted by 
mares receiving the organic form was lower, the blood level was higher and the content in hair was 
lower than in mares receiving copper sulphate. In our experiment, it seems to be better available 
copper through Cu-proteinate as compared to sulphate. At lower doses of copper in the diets of mares 
in the control group was to ensured optimal plasma levels of copper in the organism using higher 
absorption, lower concentrations of copper excreted in the faeces and a lower deposition of copper 
in mane hair.
Nevertheless, interpretation of these results is very diffi  cult. Evaluation the impact of various sources 
of copper on the elements profi le; assessed using skin derivates, plasma or other parameters should 
be subjected to further observation.
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