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Abstract

Pavlata L., J. Illek, A. Pechova, M. Maté&jicek: Selenium Status of Cattle in the Czech
Republic. Acta Vet. Brno 2002, 71: 3-8.

Selenium status was assessed directly by determination of selenium concentration, or indirectly by
measurement of glutathione peroxidase activity in whole blood samples collected from 879 cattle
(733 cows, 63 calves, 42 heifers, 41 finishing bulls) reared on 93 farmsin 12 of the 14 regions of
the Czech Republic. Selenium deficiency or marginal values were found in 50 % of the tested
animals and on 54 % of the farms. In terms of animal categories, deficient or marginal selenium
status was found in 42 % of cows, 80 % of calves, 100 % of heifers, and 90 % of bulls. Selenium-
deficient herds were detected in almost all regions of the Czech Republic. The lowest selenium
concentrations (< 20 pg-l"t whole blood) were found in western, northern, and north-eastern
Bohemia and in northern Moravia It is evident that selenium deficiency in cattle is a topical
problem in the Czech Republic and that selenium status must be monitored within preventive
diagnostics in al age groups of cattle to decide correctly on the most effective way of
supplementation.

Glutathione peroxidase, preventive diagnostics, blood, dairy cows, heifers

Like with most minerals, satisfactory intake of selenium by ruminants depends on the
presence of thiselement in soil and on the potential of plantsto utiliseit. The occurrence of
selenium in soil varies considerably worldwide. Oldfield (2000) denoted as selenium
deficient thewest coastal and eastern areas of the United States and Canada, extensive areas
in China and Australia, New Zealand, the Scandinavian countries (Finland, Sweden,
Norway, Denmark), southern France, the Balkans, and northern England and Scotland.

The two principal methods for the assessment of selenium status include direct
determination of its concentration in whole blood, blood plasma, or blood serum, and
measurement of glutathione peroxidase (GSH-Px) activity inwholeblood. Closecorrelation
between the activity of GSH-Px and the selenium status has been demonstrated repeatedly
(Erskine et al. 1987; Harapin et al. 2000; Pavlata et al. 2000a). Whole blood is used
for the measurement, because up to 98% of the activity isbound to erythrocytes (Scholtz and
Hutchinson 1979). Further methods used for the assessment of selenium status include
determination of selenium concentrations in selected tissues, such as the liver, or muscles
(Stowe and Herdt 1992; Venalainen et a. 1997; Pavlata et al. 2001a; Pavlata et
al. 2001b), and inthe hair (Kursa and Kroupova 1975), milk, or urine.

Although the first reports on the occurrence of diseases of young cattle associated with
selenium deficiency were published here in the late sixties already (Kursa 1969; Kursa
and Tesafik 1971), only few data on selenium status in animals living in the Czech
Republic is available. Growing interest in this topic observed in the recent years has been
encouraged, among other factors, by the devel opment of advanced analytical methods. The
activity of GSH-Px as a variable reflecting the selenium status in cattle was studied by
Kursa etal. (1982) and Pavlata eta. (1998, 2000q). Koutnik etal. (1996) assessed the
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selenium statusin dairy cowsin the South Moravian region by examination of milk samples.
Other authors preferred the determination of selenium concentration in the blood or tissues
(Pavlata et a. 1999; 2000a; 2000b; 2001b). The results of all these studies indicate that
the current selenium status in cattle is unsatisfactory and that more data on the distribution
of selenium deficiency in various regions of the Czech Republic is necessary.

Materialsand Methods

Blood samples for this study were collected from 879 cattle in 1999 through 2001. The set of the animals
consisted of 733 dairy cows, 63 calves, 42 heifers, and 41 finishing bulls. The sampling scheme covered 93 herds
(67 cow houses, 9 calf houses, 8 heifer rearing facilitiesand 9 bull fattening facilities) located in 12 of the 14 regions
and 34 of the 77 districts of the Czech Republic. The cows were examined within metabolic profile tests. The calf
herdswereidentical with thosein which investigationsinto causes of ahigh morbidity and mortality wererunning.
The same applied to three heifer rearing facilities. The remaining heifers and bulls originated from randomly
selected farms and were examined specifically for the assessment of the selenium status.

The selenium status was assessed by direct selenium determination in 494 animals and by measurement of
catalytic GSH-Px activity in 385 animals. Blood samples were collected by puncture of v. jugularisinto heparin-
containing test tubes. The selenium concentration was determined in whole blood samples mineralised in the
microwave oven MILESTONE MLS 1200 by the hydride AAS technique using the apparatus SOLAR 939
(UNICAM). The activity of GSH-Px was measured in whole blood by the UV-method of Paglia and Valentine
(1967) inthe COBAS MIRA apparatus using the set supplied by Randox.

The following blood selenium concentrations or GSH-Px activities were used as reference values (Pavl ata et
al. 2000a) for the assessment of the selenium status:

— <70pgl?, or <472 pkat-I™t —deficient
— 70t0 100 pg-l-L, or 472 to 665 pkat-1"L — marginal
— >100 gL, or > 665 pkat-1"1 — adequate.
Basic statistical characteristicsfor the set of theresultswere cal culated using the Microsoft EXCEL 7.0 software.

Results and Discussion

M ean sel enium concentration in whol e blood samples collected from the 494 animal swas
89.57 + 52,51 pgl! (range 4.06 — 212.4 pg-l-1). Mean GSH-Px activity in whole blood
samples collected from the 385 animals was 676.85 + 285.06 pkat-1-1 (range 22.48 — 1557
pkat-1-1). The results arranged by age categories and data on the assessment of the selenium
statusin theindividual herds are shownin Tables1to 3.

Tablel

Blood selenium concentrations (ugli?) or activities of GSH-Px (ukat(?) in tested animals (x - mean;
S.D. - standard deviation; n - number of animals, v, - variation coefficient)

Cows Calves Heifers Bulls

Se GSH-Px Se GSH-Px Se GSH-Px Se GSH-Px

X 94.89 729.61 43.32 490.64 44.92 244.78 38.18 40.36

S.D. 50.40 246.92 23.53 314.99 22.51 182.01 38.32 16.69

v, (%) 53.11 3384 54.32 64.20 50.11 74.36 100.37 41.35

min. 4.06 22.48 13.16 134.52 18.35 63.60 5.15 28.55

max. 212.40 | 1557.00 90.03 | 1110.00 89.66 585.48 145.90 52.15

n 412 321 24 39 19 23 39 2

The results show considerable among-herd and only small within-herd differences.
Adequate selenium status was found in only 46 % of the 93 tested herds. Selenium deficiency
was observed more frequently in young animals. The selenium status was satisfactory in
only one of the nine tested bull finishing facilities and in none of the eight heifer herds. These



Table2
Assessment of selenium statusin animal categories on the basis of results obtained in individual animals
(n - number of animals)

Cows Calves Heifers Bulls Total

Se status

n % n % n % n % n %
Deficient 188 26 47 75 35 83 33 80 303 34
Marginal 124 17 3 5 7 17 4 10 138 16
Adeguate 421 57 13 20 0 0 4 10 438 50

Tota 733 63 42 41 879
Table3

Assessment of selenium statusin animal categories on the basis of means obtained in individual herds
(n - number of herds)

Cows Calves Heifers Bulls Total
Se status
n % n % n % n % n %
Deficient 16 24 6 67 7 88 7 78 36 39
Marginal 11 16 1 11 1 12 1 11 14 15
Adeguate 40 60 2 222 0 0 1 11 43 46
Total 67 9 8 9 93

findings were probably due to a lower mineral intake by young animals than by dairy cows
in which selenium is a usual component of mineral supplements included into concentrates.
Moreover, dairy cows receive larger amounts of concentrates with a higher natural content
of readily utilizable organic selenium. The results obtained in younger animals, particularly
heifers, are warning. Selenium deficiency can result in debilitation of natural resistance,
increased morbidity, and infertility and thus affect the performance and herd economy.

Although the sel enium status was somewhat better in dairy cowsthe danger of deficiency
should not be neglected. Very low concentrations (around 10 pg-1), found in some herds,
can result in clinically apparent muscular dystrophy and eventually in the downer cow
syndrome and even sudden death (Pavlata et al. 2001c; |11ek et a. 2000).

Selenium is known to pass the placental and mammary gland barriers readily
(Shamberger 1983; Enjalbert et al. 1999). Therefore, the selenium status of calves
depends largely on the status of dams. All the calves tested within this study were born in
herds with above-average morbidity (nonspecific diarrhoea, respiratory diseases, locomotor
and growth disorders) and mortality rates. The assessment of the selenium status in this age
group was done within the investigations into causes of such heath disorders. The results of
this study indicated that selenium deficiency affected approximately 80% of calves.
Considering the good passage of selenium through the placenta and its excretion in milk, we
can conclude that the occurrence of selenium deficiency in calves approximately parallels
the situation observed in cows, or is more serious, because it will be found frequently in
calves born by first-calvers affected by the deficiency more often. The higher percentage of
selenium-deficient calves can also result from changing mineral intake by the dam in the
course of the reproductive cycle. Late-pregnant cows were found to suffer from selenium
deficiency more frequently than lactating cows (Illek et al. 1999).



Our finding of a generally high occurrence of selenium deficiency in cattle in the Czech
Republic is consistent with the data on the selenium status of the human population which
indicate that the Czech Republic ranks with countries with a very low selenium intake and blood
selenium concentrations below the European mean (Korunova et al. 1993; Kvicala et al.
1994; Kvicala etal. 1995a; Kvicala etal. 1995b; Kucera etal. 1995;Kvicala etal. 1999).

Table 4

Assessment of selenium status of cattle in various districts and regions of the Czech Republic
(® - selenium deficiency; P - selenium concentration in the marginal zone; * - satisfactory selenium status;
C - cows; B - bulls; H - heifers; ¢ - calves).

Number of tested herds
Region District in terms of animal
total categories
Plzeiisky Tachov 1 B2
Klatovy 3 1B?; 1H%; 1C?
. , Litoméfice 9 4C%;3¢c?; 1H%;1B?
Ustecky
Louny 1 c?
Liberecky Semily 3 2C%1c*
Stfedocesky Mélnik 1 Cx
Hradec Kralové 1 cb
Krélovehradecky Jicin ! H
Nachod 1 ca
Rychnov nad Kn&Znou 2 1CP; 1H?
Usti nad Orlici 3 2C%; 1CP
Pardubicky Svitavy 4 2C%; 1C%; 1¢?
Pardubice 1 Ccx
JihocCesky Jindfichiv Hradec 1 (&
Jihlava 3 1C*; 1CP; 1B2
Vysocina Tiebid 5 1CX; 1CP; 2¢%; 1HP
Havli¢kav Brod 5 1C21Cb; 1C%; 1cb;1HA
Brno venkov 7 4CX; 1Cb; 1H?; 1BX
Brno 5 cx
Blansko 3 2C%; 1CP
Jihomoravsky Znojmo 4 Ccx
Hodonin 1 Ccx
Breclav 3 2C%;1CP
Vyskov 3 2C%; 1H?
L Uherské Hradisté 3 2C%; 1CP
Zlinsky -
Vsetin 1 Ccx
Sumperk 1 c2
Olomoucky Olomouc 1 cx
Prerov 2 cx
Prost&jov 2 1CX; 1CP
Frydek — Mistek 6 1C%; 1C%; 1¢%; 3B
) Karvind 1 BP
Moravskoslezsky Novy Jicin 3 o
Opava 2 1C*; 1¢
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The data obtained within the surveys carried out in the human population emphasize the
necessity of monitoring of selenium status in cattle herds as a basis for decisions on effective
supplementation. Such supplementation is important not only for health and performance
promotion in the animals, but also as a means for increasing the selenium intake in the human
population via milk and beef.

Table 4, presenting the geographic distribution of selenium deficiency in the Czech
Republic, showsthat it was diagnosed in most of the tested regions. High occurrences were
found inwestern, northern, and north-eastern Bohemiaand in northern Moravia. Thelowest
blood selenium concentrations were found in finishing bulls in the districts of Tachov
(5.15 pglY) and Frydek-Mistek (12.6 pg:1™), in cows and calves in the districts of Semily
and Litomé&fice ( 20 pg-11), and in heifers in the district of Ji¢in (around 20 pg1-!).

It can be concluded from our results that the selenium status of cattle depends largely on
the supplementation of rations and that natural intake of selenium in cattle via feed stuffs is
insufficient, because most of the regions of the Czech Republic are selenium-deficient.
Therefore, monitoring of selenium status should become a part of preventive diagnostics to
provide data necessary for decisions on supplementation when necessary. The same care
must be provided to range-kept beef cattle, which are fully dependent of selenium content
in forages an in which the development of selenium deficiency is highly probable.

Vyhodnoceni stavu z4sobeni selenem u skotu v Ceské republice

V ramci zjiStovéni stavu zdsobeni skotu v Ceské republice selenem bylo provedeno
vyhodnoceni vysledki jeho stanoveni u 879 kusi skotu (733 krav, 63 telat, 42 jalovic, 41
vykrmovanych byki) z 93 chova riznych oblasti celé Ceské republiky. Stav zésobeni
selenem byl hodnocen na zdkladé pfimého stanoveni koncentrace selenu v plné krvi nebo
nepfimym stanovenim prostfednictvim méfeni aktivity glutathionperoxidiazy (GSH-Px)
v plné krvi. Jako deficitn€ nebo marginilng zasobenych selenem bylo vyhodnoceno celkem
50 % vySetfenych zvifat, resp. 54 % chovi. Pii vyhodnocovéni stavu zdsobeni selenem
u jednotlivych kategorii skotu byl deficitni nebo marginélni stav selenu zjiStén u 43 %
vySetfenych krav, 80 % vySetfenych telat, 100 % vySetfenych jalovic a 90 % vySetienych
bykt. Chovy s nedostate¢nym zdsobenim selenem byly zjiSt€ny téméf ve vSech oblastech
republiky. NejniZ$i hodnoty (pod 20 pg-1-1 plné krve) byly zjiStovany v chovech z oblasti
zapadnich, severnich a severovychodnich Cech a na severni Moravé. Lze tedy konstatovat,
Ze problematika karence selenu u skotu je v Ceské republice aktudlnim problémem a Ze
posuzovani stavu zdsobeni selenem je nutno vénovat pozornost jiZ v ramci preventivni
diagnostiky u v8ech chovanych kategorii skotu, aby bylo mozné urcit spravny zptisob jeho
pfipadné suplementace.

Acknowledgement

The work was supported by the Ministry of Education, Y outh and Sports of the Czech Republic (Grant No.
161700002).

References

ENJALBERT, F., LEBRETON, P., SALAT, O., SCHELCHER, F. 1999: Effect of pre- or postpartum selenium
supplementation on selenium status in beef cows and their calves. J. Anim. Sci. 77: 223-229

ERSKINE, R.J.,EBERHART,R.J., HUTCHINSON, L. J., SCHOLZ, R. W. 1987: Blood selenium concentrations
and glutathione peroxidase activities in dairy herds with high and low somatic cell counts. J. Am. Vet. Med. Ass.
190: 1417-1421

HARAPIN, I., BAUER, L., BEDRICA, L., POTOCNJAK, D. 2000: Correlation between glutathione peroxidase
activity and the quantity of selenium in the whole blood of beef calves. Acta Vet. Brno 69: 87-92

ILLEK, J., PAVLATA, L., PECHOVA, A. 2000: Organicky selen ve vyZivé zvifat. In: Agenda 2000: The Food
Revolution. Proceedings Alltechs 14™ European, Middle Eastern and African Lecture Tour, Brno 23. 2., 31-32

ILLEK, J., PAVLATA, L., PECHOVA, A., MATEJICEK, M. 1999: Selenium deficiency in cattle (in Czech). In:
III. Kébrtovy dietetické dny, Brno 2. 9., p. 242-243



8

KORUNOVA, V., SKODOVA, Z., DEDINA, J., VALENTA, Z., PARIZEK, J., PISA, Z., STYBLO, M. 1993:
Serum selenium in adult Czechoslovak (Central Bohemia) population. Biol. Trace. Elem. Res. 37: 91-99

KOUTNIK,V., KOUREK, B., HAVLICEK, Z. 1996: Selenium content in milk of some dairy cattle herds in the
South Moravian region. Czech. J. Anim. Sci. 41: 473-474

KUCERA, J., BENCKO, V., SABBIONL E., VANDERVENNE, M. T. 1995: Review of trace-elements in blood,
serum and urine for the Czech and Slovak populations and critical-evaluations of their possible use as reference
values. Sci. Total. Environ. 166: 211-234

KURSA, J. 1969: Nutri¢ni svalové degenerace u mladého skotu v distriktu Sumavy. Vet. Med. (Praha) 14: 549-
559

KURSA, J., KROUPOVA, V. 1975: Selenium content in cattle fur in incidence areas of nutritional muscle
dystrophy (in Czech). Vet. Med. (Praha) 20: 75-81

KURSA, J., KROUPOVA, V., COLLAK, D., DVORAKOVA, 1. 1982: Glutathione peroxidase activity in the
blood of cattle (in Czech). Biol. chem. Vet. (Praha) 18: 89-95

KURSA, J., TESARIK, L. 1971: Vysledky nékterych klinicko-laboratornich vySetfeni a ndzory na etiologii
nutri¢ni svalové degenerace u telat na mlééném vykrmu. Veterinarstvi 21: 122-125

KVICALA,J.,ZAMRAZIL, V., CEROVSKA, J., BEDNAR, J., JANDA, J. 1995b: Evaluation of selenium supply
and status of inhabitants in 3 selected rural and urban regions of the Czech-Republic. Biol. Trace. Elem. Res. 47:
365-375

KVICALA,J.,ZAMRAZIL, V., CERMAK, S. 1994: Levels of some trace-elements in serum of Prague inhabitants
measured by INAA. Biol. Trace. Elem. Res. 43-5: 497-502

KVICALA, J., ZAMRAZIL, V., IRANEK, V. 1999: Characterization of selenium status of inhabitants in the
region Usti nad Orlici, Czech Republic by INAA of blood serum and hair and fluorimetric analysis of urine. Biol.
Trace. Elem. Res. 71-2: 31-39

KVICALA, J., ZAMRAZIL, V., SOUTOROVA, M., TOMISKA, F. 1995a: Correlations between parameters of
body selenium status and peripheral thyroid parameters in the low selenium region. Analyst 120: 959-965

OLDFIELD, J. E. 2000: Kde vSude ve svété se selen vyskytuje. Feeding Times 5: 8-9

PAGLIA, D. E., VALENTINE, W. N. 1967: Studies on the quantitative and qualitative characterisation of
erythrocyte glutathione peroxidase. J. Lab. Clin. Med. 70: 158-169

PAVLATA, L., ILLEK, J., PECHOVA, A. 2001a: Blood and tissue selenium concentrations in calves treated with
inorganic or organic selenium compounds — a comparison. Acta Vet. Brno 70: 19-26

PAVLATA, L., PECHOVA, A., BECVAR, O., ILLEK, J. 2001b: Selenium status in cattle at slaughter: analyses
of blood, skeletal muscle, and liver. Acta Vet. Brno 70: 277-284

PAVLATA, L., PECHOVA, A., ILLEK, J. 1998: Health Disordes in Dairy Cows with Selenium Deficienency
Caused by the Change in Housing. In: Mengen- und Spurenelemente, 18. Arbeitstagung, Jena, pp. 597-601

PAVLATA, L., PECHOVA, A., ILLEK J. 2000a: Direct and indirect assessment of selenium status in cattle —
a comparison. Acta Vet. Brno 69: 281-287

PAVLATA,L.,PECHOVA, A., ILLEK, J. 2001c: Muscular dystrophy in dairy cows following a change in housing
technology. Acta Vet. Brno 70: 269-275

PAVLATA, L., PECHOVA, A, ILLEK, J., BECVAR, O. 2000b: Diagnostics of selenium, zinc and cooper
deficiencies in various cattle categories. In: ,Effect of Cattle-Herd Health on Production Efficiency.”
Proceedings of the II. Middle — European Congress for Buiatrics, The High Tatra, pp. 149-151

PAVLATA, L., PECHOVA, A., ILLEK, ], MATOULKOVA, M., BECVAR, O., SIMKOVA, V., KRIZOVA, 1.
1999: Laboratory diagnostics of selenium deficiency in cattle. In: Mengen- und Spurenelemente, 19.
Arbeitstagung, Jena, pp. 547-551

SCHOLTZ, R. V., HUTCHINSON, L. J. 1979: Distribution of glutathione peroxidase activity and selenium in the
blood of dairy cows. Am. J. Vet. Res. 40: 245-249

SHAMBERGER, R. J. 1983: Biochemistry of Selenium. Plenum Press, New York, 334 p.

STOWE, H. D., HERDT, T.H. 1992: Clinical assessment of selenium status of livestock. J. Anim. Sci. 70: 3928-
3933

VENALAINEN, E. R., HIRVI, T., HIRN, J. 1997: Effect of selenium supplementation on the selenium content in
muscle and liver of Finish pigsand cattle. J. Agr. Food Chem. 45: 810-813



