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The effect of various forms of selenium supplied
to pregnant goats on selected blood parameters
and on the concentration of Se in urine and blood
of kids at the time of weaning

A. PeEcHOVA, L. SEvcikova, L. PAvLATA, R. DVORAK

University of Veterinary and Pharmaceutical Sciences, Brno, Czech Republic

ABSTRACT: The aim of this trial was to compare the effect of supplementation of goats with different forms of
selenium on the metabolism of their kids at the time of weaning. The experiment was performed with 45 kids of
mothers supplemented with various forms of selenium. Group C was control while the other four groups were
supplemented with selenium for six weeks before (0.3 mg/goat/day) and after parturition (0.9 mg/goat/day).
Group Se-I received sodium selenite while the other groups received organic forms: Se-lactate-protein complex
(Se-L), Se-proteinate (Se-P) and Se-yeast (Se-Y). The kids were weaned at three months of age and samples of
blood and urine were taken. Parameters monitored in the blood included Se, glutathione peroxidase (GPx), Zn,
Cu, thyroxine, triiodothyronine, protein, immunoglobulins, muscle enzymes, total antioxidant status, vitamin A
and E. Se levels were determined In the urine. Selenium supplementation of goats from six weeks before delivery
significantly influenced selenium concentrations in the blood of kids. Significant differences (P < 0.0002) were
found between the control and all experimental groups and further between Se-Y and the other experimental
groups (Se-Y: 243.0 + 20.3 pg/l; Se-1: 156.3 + 34.3 pg/l; Se-P: 152.6 + 41.5 pg/l; Se-L: 146.7 + 20 0 pg/l; C: 67.6 +
13.1 pg/l). The highest concentration was found in the group supplemented with Se-yeast with a high content of
selenomethionine. The other two organic forms of selenium (proteinate and lactate-protein complex) increased
the concentration of Se in blood and the activity of GPx to the same extent as the inorganic form of selenium.
Se supplementation did not have a negative effect on the concentration of copper and zinc in the blood serum of
kids, but we found decreased concentrations of thyroxine in the experimental groups (Se-Y: 79.8 + 12.8 nmol/l;
Se-1: 66.5 + 13.2 nmol/l; Se-P: 76.2 + 25.7 nmol/l; Se-L: 84.5 + 14.8 nmol/l; C: 92.7 + 13.4 nmol/l). Significant dif-
ferences were found between the group C and groups Se-I and Se-P (P < 0.05). The supplementation of mothers
with Se both in organic and inorganic forms was sufficient to prevent Se deficiency in kids at the time of weaning.

Keywords: ruminants; Se-yeast; sodium selenite; Se-lactate; Se-proteinate; Se-lactate-protein complex; zinc;
copper; thyroxine; creatine kinase; glutathione peroxidase

Selenium is an essential trace element vital for the
normal growth and health of animals. It is present
in all cells and tissues and is necessary for maintain-
ing the vital functions of humans and animals. The
content of Se in the organism is naturally very low,
the majority of Se being bound in tissues and blood
in the form of selenoproteins. Selenium is a compo-

nent of at least 25 selenoproteins with antioxidant,
anti-inflammatory and chemoprotective properties
(Pappas et al. 2008). The most important are glu-
tathione peroxidases (GPx1-GPx6), thioredoxin
reductases (TrxR1-TrxR3), iodothyronine deio-
dinases (ID1-1D3), selenophosphate synthetase,
selenoprotein P, and selenoprotein W. This element
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acts as a cofactor of the GPx family of enzymes
which protect against oxidative stress. Specifically
Se-dependent GPx enzyme recycles glutathione,
reducing lipid peroxidation by catalysing the re-
duction of peroxides, including hydrogen peroxide.
In general all these enzymes in their reduced state
catalyse the breakdown of lipid hydroperoxides and
hydrogen peroxides in cells (Navarro-Alarcon and
Cabrera-Vique 2008). GPx and selenoprotein P are
also involved in the regulation of the inflammatory
response.

Selenium deficiency has been linked to many
health problems in young animals such as increased
neonatal mortality, decreased sucking reflex, weak-
ness, higher occurrence of infectious diseases
and white muscle disease (Enjalbert et al. 2006).
Selenium deficiency may also result in immune and
endocrine disorders, especially thyroid dysfunction,
as Se is essential for thyroid function and thyroid
homeostasis (Kohrle et al. 2005). In new-born ani-
mals and during sucking, the saturation of kids with
selenium depends on the saturation of the mother
(Ghany-Hefnawy et al. 2007; Misurova et al. 2009),
as selenium permeates placental and mammary bar-
riers. Placental transfer is more effective than the
transmission of selenium to the calf through milk
(Enjalbert et al. 1999). The concentration of sele-
nium in milk depends on the amounts and the form
of selenium in the ration (Givens et al. 2004; Heard
et al. 2004; Juniper et al. 2006). The concentration of
Se in milk is significantly increased mainly by prod-
ucts containing Se organically bound in the form
of selenomethionine (Ortman and Pherson 1999;
Muniz-Naveiro et al. 2006; Pechova et al. 2008).
Selenium deficiency that affects animals living in
areas with low natural concentrations of Se causes
significant economic losses. Various methods of
supplementation have been developed to increase
intake of selenium. Recently, close attention has
been paid to the development of new preparations
containing organically bound selenium. However,
the chemical form of selenium and quantity of sele-
nium that is organically bound is often not precisely
specified in these products. From the organic com-
pounds, selenomethionine has been described most
thoroughly. Selenomethionine fulfils the criteria of
essential amino acids for humans and monogas-
tric animals. The same can be said for ruminants,
even though these carry bacteria in their rumen
that produce Se-met (Schrauzer and Surai 2009).
As speciation analysis of individual Se compounds
is not available in many new products, the only way

to compare their supplementation efficiency is to
use them experimentally in animals.

The aim of this work was to evaluate the effect of
long-term supplementation of goats with one inor-
ganic and three different organic forms of selenium on
the metabolism of their kids at the time of weaning.

MATERIAL AND METHODS

The experiment was performed with 45 kids of
mothers supplemented with various forms of sele-
nium. The white shorthaired goats were divided into
five groups. Diverse selenium supplementations
were carried out from six weeks before the date
of delivery until weaning. Group C was a control
group where no selenium was added to the goats’
diet. Goats from the remaining four groups were
given various forms of selenium in granulated feed
mixture with a concentration 0.9 mg/kg (accord-
ing the producer’s declaration). The composition
of granulated feed mixture supplied by the pro-
ducer is shown in Table 1. The Se-I group received

Table 1. The composition of granulated feed mixture
according producer’s declaration (nutrients are indi-
cated per 1000 g of mixture)

Dry matter (g) 883.13
Net energy of lactation (M]) 6.58
Crude protein (g) 116.11
Metabolizable energy (M]) 10.77
Fiber (g) 65.38
Fat (g) 35.29
Ca (g) 7.9
P (g) 7.54
Mg (g) 1.77
Na (g) 3.11
K(g) 5.83
Fe (mg) 59.66
Co (mg) 0.59
J (mg) 1.50
Mn (mg) 93.64
Cu (mg) 24.36
Zn (mg) 99.41
Cl (mg) 4.08
Se (mg) 0.072

%in the group C
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Se in the form of sodium selenite, the other three
groups received organic forms of selenium. Goats
of Se-L group were given lactate-protein com-
plex (0.17% Se, Selenium chelate, Agrobac Karel
Gebauer, Czech Republic). The Se-P group received
selenium proteinate (B-Traxim Se, Pancosma,
Switzerland) and The Se-Y group received yeast
enriched with selenium 0.5% Se (Sel-Plex, Alltech,
USA). The exact chemical composition of the in-
dividual preparations of organic selenium is not
known. Sel-Plex is constituted of organic selenium
from yeast, whose chemical composition is char-
acterised by the Official Journal of the European
Union L 330/10 as selenomethionine (63%) and
low-molecular compounds of selenium (34—-36%).
B-traxim Se is a selenised compound produced by
the reaction of inorganic selenium on enzymati-
cally hydrolysed protein and is registered accord-
ing to the feed additive regulations in Canada as a
selenium proteinate (No. 990637, Canadian Food
Inspection Agency). Selene chelate is produced by
the cultivation of Lactobacillus acidophilus on sub-
strate containing sodium selenite and is described
only as lactate-protein complex. The exact com-
position of the last two preparations is not known.
Until the date of delivery, goats received 300 g of
granulated feed mixture per animal and day. The
feed also included ad libitum hay, water and salt
lick. The selenium concentration in hay was 0.065 +
0.024 mg/kg. After the delivery, granulated feed
ration was increased to 1 kg per animal and day.
When sucking mother’s milk, kids were given also
hay ad libitum. As soon as they were weaned at the
age of three months, the following numbers of male
kids were sampled in each group: C: n = 10, Se-L:
n =10, Se-P: n = 10, Se-1: n = 8, Se-Y: n = 7. Blood
was taken from v. jugularis and urine was sampled
by cystocentesis after the kids were slaughtered.
We tested the following parameters in whole
blood: selenium, glutathione peroxidase (GPx) and
in serum: zinc (Zn), copper (Cu), aspartate ami-
notransferase (AST), creatine kinase (CK), lactate
dehydrogenase (LDH), triiodothyronine (T,), thy-
roxine (T4), total protein, immunoglobulins and
total antioxidant status (TAS). All the biochemical
variables were determined in the laboratory of clini-
cal biochemistry in the Ruminant Clinic, University
of Veterinary and Pharmaceutical Sciences, Brno.
T,and T, were determined by chemiluminescence
using IMMULITE device (DPC CZECH, Czech
Republic). Total protein and enzyme activities
were determined by the automatic analyser LIASYS
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(AMS, Italy) using the tests listed in parentheses:
total protein (“Protein total, Cat. No. 12751), AST
(AST, Cat. No. 10351), LDH (*LDH, Cat. No.
12352) — the tests were provided by BioVendor
(Czech Republic); CK (CK NAC L 100, Cat No.
10004494) — Pliva Lachema (Czech Republic);
TAS (Total antioxidant status, Cat. No. NX 2332)
— Randox (United Kingdom). Immunoglobulins
were determined using the zinc sulfate turbidity
test (Slanina et al. 1976), the quantity of immu-
noglobulins is quated in units of zinc sulphate
turbidity (IU ZST). Vitamins were determined by
fluorometry according to Bouda et al. (1980). GPx
was assessed in whole heparinised blood according
to the method described by Paglia and Valentine
(1967) with the use of the Ransel-Randox set and
the automatic biochemical analyser Cobas Mira
(Roche, Switzerland). Copper and zinc concentra-
tions in the blood serum were determined after
deproteinisation using trichloracetic acid with the
F-AAS method and the AAS Solaar M6 (Unicam,
Great Britain) device. Selenium was measured in
the whole blood and in the urine using the HG-AAS
method and the AAS Solaar M6 (Unicam, Great
Britain) device, after microwave mineralisation
of samples in the Milestone Ethos TC (Milestone
Italy) unit using a method described in Pechova
et al. (2005).

The results were statistically assessed using the
F-test for the assessment of the variance of indi-
vidual sets and using the dependent Student’s ¢-test
for sets with equality/non-equality of variance ac-
cording to the results. The relation between the
concentration of selenium in blood and GPx was
tested by calculating the correlation coefficient
(r). The results are quoted as a mean value with
standard deviation. The relative increase of Se and
GPx in the blood was calculated using the follow-
ing formula: (the value in experimental group/the
value in control) x 100. Analyses were carried out
using Microsoft Excel software.

RESULTS

Selenium concentrations in the whole blood of
kids at the time of weaning were significantly in-
fluenced by the supplementation of their moth-
ers (Figure 1). The highest concentration was
seen in the group Se-Y: 243.0 £ 20.3 pg/l, while a
slightly lower concentration was observed in the
other experimental groups (Se-1: 156.3 + 34.3 pg/l;
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Figure 1. Selenium concentration in whole blood (ug/l)
of weaning kids from mothers supplemented with differ-
ent forms of selenium

C = control, Se-I = sodium selenite, Se-L = lactate-protein
complex, Se-P = proteinate, Se-Y = yeast

The same letters shows statistical significance of the differ-
ence between groups (AA = P <0.0001, A = P < 0.001)

Se-P: 152.6 + 41.5 ug/l; Se-L: 146.7 + 20.0 pg/l),
and the lowest concentration was found in the con-
trol group (C: 67.6 + 13.1 ug/l). Significant dif-
ferences were found between the control and all
experimental groups (P < 0.0001) and between the
group Se-Y and groups Se-L, Se-P, Se-I (P < 0.001).
The average increase in selenium concentration in
the blood was the following as compared with the
control group (C = 100%): Se-Y, 359%; Se-1, 231%;
Se-P, 226%; Se-L, 217%. Similar results were found
in the activity of glutathione peroxidase in blood
of kids (Figure 2) where the average increase was
the following as compared with the control group
(C =100%): Se-Y, 327%; Se-1, 222%; Se-P, 253%; Se-
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Figure 2. Glutathione peroxidase activity in whole blood
(ukat/l) of weaning kids from mothers supplemented
with different forms of selenium

C = control, Se-I = sodium selenite, Se-L = lactate-protein
complex, Se-P = proteinate, Se-Y = yeast

The same letters shows statistical significance of the difference
between groups (AA = P<0.0001, A = P<0.001,aa=P<0.01)

L, 251%. Significant differences were found between
control and all experimental groups (P < 0.0001) and
between the group Se-Y and the other experimental
groups Se-L, Se-P, Se-I (P < 0.01). A highly signifi-
cant correlation coefficient (r = 0.943; Figure 3) was
calculated between the concentration of selenium in
blood and activity of glutathione peroxidase.

The concentrations of Se in urine were relatively
low, in individual animals the concentration fluc-
tuated from 1 to 22 pg/l and showed high vari-
ability within groups as indicated by Figure 4. The
variation coefficient in individual groups fluctuated
from 43% to 80%. A higher excretion of Se via urine
as compared with the control group was found in all

Figure 3. The correlation between
the concentration of selenium
(pg/1) and glutathione peroxidase
activity (pkat/l) in whole blood

of weaning kids (n = 45) from
mothers supplemented with dif-
ferent forms of selenium
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Figure 4. Selenium concentration in urine (pg/l) of
weaning kids from mothers supplemented with different
forms of selenium

C = control, Se-I = sodium selenite, Se-L = lactate-protein
complex, Se-P = proteinate, Se-Y = yeast

The same letters show statistical significance of the difference
between groups (aa = P < 0.01, a = P < 0.05)

experimental groups. The highest variability (80%)
was in group Se-Y.

Among other biochemical parameters, the effect
of selenium supplementation of mothers on the
metabolism of muscles and proteins was moni-
tored (Table 2). The concentration of total pro-
tein significantly differed only between individual
organic forms (lower concentration was observed
in group Se-L as compared with groups Se-P and
Se-Y). More significant differences were found in
immunoglobulins concentration where groups Se-P
and Se-Y showed significantly higher levels as com-
pared with the group Se-L and the control group.
Muscle tissue state, determined on the basis of ac-
tivity of selected enzymes, did not differ between
the groups. Certain differences were seen in total

antioxidant status in serum that was higher in the
group Se-Y as compared with the group Se-I and
the control group. Antioxidant status was also sig-
nificantly higher in the control group as compared
with the group Se-I.

As for possible interactions with other trace
elements, concentrations of Zn, Cu and thyroid
hormones were monitored (Table 3). Significantly
higher concentrations of Zn were observed in
group Se-P as compared with the control group.
Copper concentrations showed a positive trend in
supplemented groups, while significantly higher
Cu concentrations were determined in group Se-I
as compared with the control. Certain differences
between the groups were found in concentrations
of thyroid hormones. The control group showed the
highest concentration of thyroxine (significant dif-
ferences were found against groups Se-I and Se-P).
Triiodothyronine concentration was highest in
group Se-L and lowest in group Se-I (significant
difference was found in Se-I as compared with the
control). There were no differences in the T,/T,
ratios between the groups.

DISCUSSION

The results indicate that the level of Se avail-
able to kids at the time of weaning is significantly
influenced by the form of selenium administered
to their mothers. Concentrations of selenium in
individual experimental groups of kids show suf-
ficient Se supply, whereas the animals from the
control group showed Se deficiency. These results
are consistent with Se concentrations in individual
tissues (Sevcikova et al. 2011) where the unsup-
plemented group showed also selenium deficiency.

Table 2. Selected biochemical parameters in blood serum of weaning kids from mothers supplemented with different

forms of selenium

C Se-1 Se-L Se-P Se-Y
Total protein (g/1) 66.62 + 3.31 66.28 +4.22  64.70 + 0.99* 67.81 £3.94°  69.69 + 3.53"
Immunoglobulins (IU ZST) 25.30 + 1.59%¢  25.26 + 3.49 24.43 +1.98%>  27.13 + 247>  27.54 + 2,51
AST (ukat/1) 1.67 + 0.25 1.85 + 0.36° 1.49 + 0.20 1.55 + 0.26 1.71 £ 0.22
CK (ukat/1) 2.16 + 0.62 2.10 + 0.46 1.87 £ 0.51 1.98 + 0.54 1.97 £ 0.35
LDH (ukat/1) 14.45 + 1.69 13.70 + 2.53 13.92 +1.33 13.50 + 1.18 14.05 + 1.51
Total antioxidant status (mmol/l) 0.74 + 0.05P 0.69 £ 0.03>  0.71 + 0.03* 0.73 £ 0.22 0.77 + 0.05%<

C = control, Se-I = sodium selenite, Se-L = lactate-protein complex, Se-P = proteinate, Se-Y = yeast
The same letters in one row show statistical significance of the difference between groups (**P < 0.01, *P < 0.05)
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Table 3. The concentration of selected biochemical parameters in blood serum of weaning kids from mothers sup-

plemented with different forms of selenium

C Se-1 Se-L Se-P Se-Y
Zn (umol/l) 10.30 + 0.89° 10.23 + 1.77 9.97 + 0.75% 11.22 + 0.87%bPb¢c 944 + 1.07°°
Cu (umol/1) 13.60 + 1.26° 15.23 + 1.43° 14.13 + 1.06 14.10 + 1.97 14.85 + 2.23
Vitamin A (umol/l) 1.08 + 0.12 1.02 +0.21 1.04 + 0.13 0.99 +0.15 0.99 + 0.10
Vitamin E (pmol/l) 1.30 + 0.16 1.24 +0.22 1.28 + 0.26 1.22 +0.23 1.12+0.10
T, (nmol/]) 3.03 + 0.58¢ 2.30 + 0.52%0¢ 3.33 + 0.58%PP 2.64 + 0.75° 2.87 + 0.63
T, (nmol/l) 92.70 + 13.43>  66.51 + 13.17%  84.45 + 14.81° 76.19 + 25.69° 79.76 + 12.77
T,/T, 31.29 + 6.14 29.93 + 6.96 25.66 + 3.58 29.19 + 6.89 28.57 + 4.64

C = control, Se-I = sodium selenite, Se-L =

lactate-protein complex, Se-P = proteinate, Se-Y = yeast

The same letters in one row show statistical significance of the difference between groups (**P < 0.01, *P < 0.05)

Deficiency is defined as an animal with a blood Se
concentration of below 80 pg/l (Bickhardt et al.
1999). However, other authors report full blood
Se concentrations ranging from 150 to 250 pg/1 as
the reference values (Van Metre and Callan 2001).
Views on toxic concentrations of Se in blood also
differ: Underwood and Suttle (1999) stated that
the critical toxic concentration of Se is 200 to
300 pg/l in sheep, though no signs of toxicity were
observed experimentally even at Se concentrations
of 6000 pg/l (Davis et al. 2008). Although Se con-
centrations in group Se-Y exceeded 200 ug/l, the
animals showed no signs of toxicity. Similarly to
our results, other authors did not observe toxicity
in goats with Se concentrations of above 200 pg/l
(Hayashida et al. 2006; Pechova et al. 2008). The
activity of glutathione peroxidase in blood strongly
correlated with Se concentration in whole blood.
The correlation coefficient (0.943) determined in
the present study was higher than reported in goats
(0.72) (Pavlata et al. 2011a). The graph indicates
that GPx activity increases more slowly at blood
Se concentrations of above 200 pg/l with the high-
est values being around 1500 pkat/1 which can be
considered as a plateau.

The highest concentrations of Se in whole blood
were found in the group of kids whose mothers
received Se-yeast. Similarly to our results, a higher
Se concentration in the blood after Se-yeast sup-
plementation as compared with an inorganic Se
supplementation was observed also by other au-
thors (Malbe et al. 1995; Ortman and Pherson,
1999; Ortman et al. 1999; Pavlata et al. 2001). In
the other two groups supplemented with organi-
cally bound selenium (Se-P, Se-L), a similar blood
concentration of Se was found as in the inorganic

Se group, though it was significantly higher than
in the control group. Similar results were reported
by Pavlata et al. (2011b). These results are incon-
sistent with Se concentrations in individual tissues
(Sevcikova et al. 2011), where groups supplemented
with lactate-protein complex and Se-proteinate
showed higher concentrations that groups supple-
mented with inorganic selenium. This difference
can be explained by the fact that selenium tissue
concentrations of weaned kids are largely influ-
enced by the intrauterine development whereas
the concentration of selenium in the blood reflects
the current Se supply (i.e., milk intake is critical
in kids at the time of weaning). It has been found
that Se concentration in the milk is significantly
affected by the form of Se supplementation and
that products containing organically bound Se in
the form of selenomethionine markedly increase Se
concentration in the milk (Ortman and Pherson,
1999; Muniz-Naveiro et al. 2006). Our previous
study (Pechova et al. 2008) compared the effect of
three forms of organic Se supplementation on Se
levels in goat’s milk. Increased Se concentration in
the milk was found only when Se-yeast was supple-
mented (25.9 pug/l). Supplementation with a lactate-
protein complex and Se-proteinate resulted in milk
Se concentrations that were comparable with the
control group (13.14 pg/l, 11.70 pg/l, 12.53 pg/l
respectively). However, selenium deficiency was
not observed in experimental animals used dur-
ing that study, which was also probably associated
with the fact that control animals did not show
lower concentrations of Se. Differing excretion of
Se in milk was perhaps the cause of the higher Se
concentrations in the blood of kids from the group
Se-Y. The higher content of Se in the milk is due to
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the fact that Se-methionine is directly incorporated
into milk protein. Se-met is the only naturally oc-
curring selenium compound that is significantly
incorporated into body proteins (Schrauzer and
Surai 2009). Supposedly, the presence of organic Se
compounds other than selenomethionine led to the
differences between the tested preparations. Exact
information on the Se-met content in proteinate
and the lactate-protein complex is not available.
The published studies indicate that selenocysteine
and Se-methylselenocysteine are produced during
lactic fermentation by bacteria (Lactobacillus); and
during yogurt fermentation yeast (Saccharomyces)
produce mainly selenomethionine (Calomme et al.
1995; Alzate et al. 2008).

Although Se concentration in the blood was
significantly different in individual groups (defi-
cient, optimum and increased Se concentrations
in kids’ blood were observed), muscle metabolism
was not substantially affected. Alteration in mus-
cles was not observed even in the group with Se
deficiency. Significantly higher concentrations of
immunoglobulins as compared with the control
were revealed in kids from groups Se-P and Se-Y.
These differences could be associated with the
positive effect of selenium on immunity. The ef-
fect of selenium on immune functions has been
documented, though the results of experimental
studies are equivocal. A higher production of an-
tibodies after Se supplementation was observed by
Rooke et al. (2004), but Hall et al. (2011) did not
confirm the effect of various forms of Se supple-
mentation on humoral immunity. A positive effect
of Se supplementation on the level of antibodies in
the colostrum was found by Pavlata et al. (2004).

The excretion of Se in the urine was significantly
higher in all groups supplemented with Se as com-
pared with the control group, which confirms the
effect of Se intake on its excretion from the or-
ganism. Urine excretion has been reported to be
the body’s mechanism for maintaining Se homeo-
stasis (Navarro-Alarcon and Cabrera-Vique 2008).
Zachara et al. (2006) reported that losses in the
urine represent 50-78% of the ingested element
and they confirmed that the level of Se excretion in
the urine was proportional to the level of Se intake.
After absorption, various sources of Se are metabo-
lised into selenide that represents the crossroads of
selenium metabolism, from which it may be com-
mitted to specific selenoprotein synthesis or be re-
moved from body by urinary excretion pathways
that involve its detoxification by methylation to
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methyl selenides. The effect of the form of the sup-
plemented selenium on the amount of Se excreted
in the urine cannot be unequivocally evaluated due
to the high variability of our results. The amount
of selenium excreted through kidneys represents
the difference between absorbed and utilised sele-
nium. It is therefore expected that selenomethio-
nine, considering that it is incorporated into body
proteins instead of methionine, is subject to higher
retention. A study by Walker et al. (2010) indicates
that when Se-yeast is administered to cows, 66%
of received selenium is excreted in urine and 17%
is lost through milk secretion, meaning that Se ap-
parently retained in tissues accounted for 17% of
the total Se intake of cows.

The present study monitored also other trace ele-
ments that are reported to interact with selenium
(Schrauzer 2000; Moeini et al. 2011). Kantola and
Vartiainen (2001) reported that after agricultural
fertilizers started to be supplemented with sele-
nium in Finland in 1984, concentrations of trace
elements in human breast milk changed. After five
to eight years, selenium concentrations increased,
whereas copper and zinc levels decreased. As the
composition of the mother’s milk significantly in-
fluences the metabolism of offspring during the
suckling stage, possible changes in the content of
trace elements could be reflected by the health
status of the offspring. In the present study, Se
supplementation had no negative effect on the
concentrations of copper and zinc in the blood
serum of kids. As for copper, a positive trend was
seen, which is consistent with the published posi-
tive correlation between Se and Cu in milk noted
by Kantola and Vartiainen (2001) between 1993
and 1995. Pavlata et al. (2005) observed a negative
effect of increased iodine supplementation on the
concentration of Se and GPx in the blood of kids.
Therefore, we monitored also thyroid hormones in
order to determine whether iodine absorption is
decreased and, subsequently, thyroid metabolism
is impaired or not. We observed a trend of decreas-
ing T, concentrations that reflects the amount of
iodine in the organism. Similarly, Wichtel et al.
(1996) observed decreased concentrations of thy-
roxine after Se supplementation in Angora goat
kids. These results suggest that there probably ex-
ists a negative interaction, at the level of absorption,
between iodine and selenium administered mainly
in the inorganic form. Selenium is a significant part
of iodothyronine deiodinase which is responsi-
ble for the conversion of T, to T,. Although kids
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from the control group showed Se deficiency, the
T,/T, ratio was not significantly influenced.
Awadeh et al. (1998) confirmed the influence of
Se supplementation on the concentrations of T,
and the ratio of T,/T, in the plasma of cows, but
there were no differences between supplementation
with organic and inorganic forms.

The supplementation of mothers with Se both in
organic and inorganic forms significantly influenced
the Se supply of their kids at the time of weaning.
The highest concentration of Se and GPx in blood
was found in group Se-Y supplemented with sele-
nium yeast, where selenium is in the form of se-
lenomethionine. The other two organic forms of
selenium (proteinate and lactate-protein complex)
increased the concentration of Se in blood and the
activity of GPx to the same extent as the inorganic
form of selenium. All forms were sufficient to pre-
vent Se deficiency in kids at the time of weaning.
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