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Abstract. The results of the research show that there is a deficiency in Se in the envi-
ronment in most regions. It is crucial to supplement selenium deficiency in ruminants
from deficient regions as long-lasting lack of this element may lead to many diseases.
Selenium serum or blood level can be an indicator of the supply of this element in
ruminants (intravitally) as well as its content in the liver and kidneys. The most com-
monly used criterion for assessing the selenium status in livestock is its serum or blood
content. At a low concentration of this element in the serum/blood of ruminants, its
supplementation is necessary.
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INTRODUCTION

Studies on the role of selenium in animals are carried out for many years. This
element belongs to the so-called trace elements, which are necessary for keeping
the proper functions of an organism.

Selenium is not evenly distributed in the environment, there are areas with
soils either poor or rich in this element. Most soils in the world have low content
of this element [Kabata-Pendias and Pendias 1999, Borowska 2002, Cartes et al.
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2005, Broadley et al. 2006]. According to Kabat-Pendias and Pendias [1999], the
average content of selenium in soils on a global scale is equal to 0.33 mg - kg~
Sandy soils generally have typically low quantities of this element (from 0.06 to
0.4 mg - kg~ 1), while the soils that originate from the formations rich in sele-
nium (tertiary loams) may contain significantly higher quantities of this element
(2.3 + 4.2 mg - kg~ 1). Deficit of this element occurs mainly in certain areas of
China, Canada, Denmark, New Zealand and the Nordic countries [Yldranta 1990,
Mikeld-Kurtto and Sippola 2002, Hartikainen 2005]. Borowska [2010] claims
that the so-called selenium provinces can be unique in the world. The content
of selenium in these regions can even reach 1200 mg - kg~ ! (e.g., Japan, Canada,
USA).

This element as a component of selenoproteins plays an important structural
and enzymatic function. According to Flohe et al. [2000] and Rayman [2000], the
main selenoproteins include glutathione peroxidase, iodothyronine deiodinase, se-
lenoproteins P and W and thioredoxin reductase. Selenium is an inactivator of
toxic heavy metals [Rayman 2000], neutralizes the effect of aflatoxins [Navarro-
Alarcon et al. 1998, Maehira et al. 2002], causes apoptosis in tumor cells [Griffin
1982, Behne et al. 1996], prevents or delays the cell aging by protecting the mi-
tochondrial membranes [Wesolowski and Ulewicz 2000], protects the cell lipids
from damaging effects of reactive oxygen species [Musik et al. 2003].

The consequences of selenium deficiency in ruminants

Many authors draw attention to the fact that the concentration of selenium in
the body of animals depends primarily on the feed consumed, which enrichment
largely depends on the content of this element in the soil [Pilarczyk et al. 2004,
2008 a, b, 2009, 2010, 2011 a, b, ¢, Sablik et al. 2011, Seremak et al. 2011, Flueck
et al. 2012, Kawecka et al. 2013, Nowakowska 2013] (Table 1). According to
Mayland [1994], and Kabat-Pendias and Pendias [1999], the content of selenium
in the feed below 0.010 mg - kg ! d.w. can cause deficiency symptoms in animals.

Selenium deficiency in cattle and sheep can cause nutritional muscular dystro-
phy (white muscle disease), which manifests in the stiffness of the limbs, difficulty
in grasping the food and swallowing, aspiration pneumonia and myoglobinuria
[Rederstorff et al. 2006, McCann and Ames 2011]. Selenium deficiency in cat-
tle may also cause diarrhea in young animals and the increase in cirrhosis cases
in beef cattle. In cows, placenta retention may occur after delivery, inflammation
of the endometrium, fetal death due to their impaired development, extension of
the calving and parturitional intervals, and lower breeding performance of bulls
[Hulland 1985, Bostedt and Schramel 1990, Zust et al. 1996, Radostits et al. 2000,
Suttle 2010].
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Table 1. Selected Se content in ruminants from different regions

Tabela 1. Wybrane ste¢zenia Se u przezuwaczy z réznych regionow

Location
Rejon

Tissue
Tkanka

Se content
Stezenie Se

Reference
Pi$miennictwo

Cows — Krowy

Ukraine — Ukraina

Poland — Polska

Norway — Norwegia
Czech Republic — Czechy
Czech Republic — Czechy
USA

Slovenia — Stowenia
Romania — Romunia

Romania — Romunia

Columbia — Kolumbia

serum — surowica

serum — surowica

blood — krew
plasma — osocze
blood — krew
serum — surowica
serum — surowica
blood — krew
serum — surowica
hair — wlosy
serum — surowica

0.085 pg - ml™!

0.034 pg - ml™!

0.074 pg - ml™!

0.020 pg - ml™
233.7-237.6 nmol - dm™
0.090 pg - ml™!

0.031 pg - ml™
0.038-0.095 pg - ml!
0.038-0.077 pg - ml*
0.014-0.017 pg - ml"
0.026 pg - ml™!

0.011 pg - ml™!
0.140 pg - g
0.052-0.097 pg - ml"

Pilarczyk et al. [2005]
Pilarczyk et al. [2005]
Sablik et al. [2011]
Pilarczyk et al. [2013 c]
Bombik et al. [2010]
Kommisrud et al. [2005]
Slavik et al. [2007]
Pavlata et al. [2002]
Segerson et al. [1981]
Zust et al. [1996]

Pop et al. [2011]

Parvu et al. [2003]

Fenimore et al. [1983]

Water buffalos — Bawoly rzeczne

India — Indie 0.190 pg - ml™! Prasad and Arora [1991]

Poland — Polska serum — surowica (0,021 pg - ml” Sablik et al. [2011]

Pakistan — Pakistan 0.100 pg - ml” Akhtar et al. [2009]
Sheeps — Owce

Ukraine — Ukraina serum — surowica 0.485 pg - ml! Pilarczyk et al. [2005]

Poland — Polska

serum — surowica
wool — welna

3.287'0.23 mmol - I”!
6.51"'4.24 mmol - I'!

Pigta and Patkowski [2007]

Poland — Polska serum — surowica  0.031 pg - ml” Pilarczyk et al. [2005]
liver — watroba 3.62 g g waw.
Poland — Polska kidneys — nerki 1.59 png - g' waw. Stupczynska et al. [2009]
muscle — migsien 0.04 ng - g' ww.
Iran — Iran blood — krew 0.028 pg - I'! Karimi-Poor et al. [2011]
USA blood — krew 0.090 pg - ml™ Coggins [2006]
USA liver — watroba 0.173 pg - g'w.w. Cox [2006]
Turkey — Turcja serum — surowica  0.304 pg - ml”’' Pamukcu et al. [2001]
German — Niemcy serum — surowica  0.045 pg - ml” Humann-Ziehank et al. [2013]
Goats — Kozy

Poland — Polska

Republic of Burundi
Republika Burundi
Czech Republic — Czechy
Croatia — Chorwacja
Mexico — Meksyk

USA

USA

France — Francja

liver — watroba
muscle — migsien
kidneys — nerki
lungs — ptuca
heart — serce
kidney — nerka
liver — watroba
blood — krew
blood — krew
serum — surowica
serum — surowica
blood — krew
serum — surowica

1

0.047 pg - g w.w.
0.027 pg - g' ww.
0.537 pug - g' ww.
0.056 pug - g w.w.
0.035 pug - g' wow.

1.194 pug - g wow.
0.427 pg - g wow.

0.068 pg - ml!
0.019-0.036 pg - ml"
0.020-0.021 g - ml"!
0.010 pg - ml™
0.076-0.499 pg - ml"!
0.021 pg - ml™

Pilarczyk et al. [2013 b]

Benemariya et al. [1993]

Pechowa et al. [2012]
Antunovic¢ et al. [2013]

Ramirez-Bribiesca et al. [2001]

Harris [1987]
McComb et al. [2010]
Morand-Fehr [1981]
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A decrease in the efficiency of the antioxidant system is observed in cows at
high milk yields, particularly when combined with selenium deficiency [Flohe et
al. 2000, Gladyshev 2001, Jankowiak et al. 2015]. Therefore, it is important to
adequately supply females in selenium, which determines the efficacy of the an-
tioxidant system [Castillo et al. 2006, Pilarczyk et al. 2012]. Selenium deficiency
during high lactation increases the risk of mastitis [Villar et al. 2002].

Myocardial damage may occur in calves as a result of selenium and vitamin
E deficiency. Three-month-old animals and younger are affected most frequen-
tly. Symptoms of deficiency of this element include: arrhythmia, murmurs, short-
ness of breath, congestive heart failure, which in turn may lead to sudden death
[Rederstorff et al. 2006, McCann and Ames 2011].

Selenium deficiencies in sheep in New Zealand and Australia were the cause
of 20-50% of infertility in females and also an increased lamb loss was obse-
rved [Suttle 2010, Ren et al. 2011]. These authors showed that Se deficiency also
negatively affected the rams (the number of sperm in the ejaculate, sperm con-
centration and motility). Fetal death may also occur in pregnant ewes as well as
placenta retention after birth [Ren et al. 2011].

The consequences of excess selenium in ruminants

Excess of selenium causes selenosis, a disease which is characterized by mu-
scle degeneration, heavy breathing, roughness and matt hair, cardiovascular di-
sorders [Ramadan et al. 2001, Deore et al. 2002, Terzano et al. 2005]. Poisoning
associated with the intake of excess selenium in ruminant farming is occasional.
There were no such cases reported in Poland and Ukraine. Selenium lethal dose
(LDsp) in adult cattle is 0.501 mg - kg~! body weight, while in lambs it is 0.455
mg - kg~! [Grace 1994, Tinggi 2005]. Blood selenium levels of >2 mg - 1! in
cattle and >0.6-0.7 mg - 17! in sheep are associated with selenosis with borderline
toxicity at 1-2 mg - 1! in cattle [Levander 1986, WHO 1987].

Standards of selenium supply in ruminants

Selenium serum or blood level can be an indicator of the supply of this element
in ruminants (intravitally) as well as its content in the liver and kidneys. Puls
[1994] points that the concentration of selenium in the liver is a better indicator of
selenium level than the kidney test. Oh et al. [1976] demonstrated that lambs fed
with fodder poor in selenium had always a higher concentration of this element
in the kidney compared to liver. The opposite situation was observed when a feed
rich in this element was supplied to lambs (higher concentration of selenium in
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the liver than in the kidneys). Mahan and Kim [1996 ] believe that the assessment
of selenium status of the organism should involve blood or serum tests.

The most commonly used criterion for assessing the selenium status in li-
vestock is the serum or blood content. According to Grace [1997], biochemical
standards used in the diagnosis of serum selenium deficit in ruminants are as fol-
lows: less than 0.041 g - ml~! — deficiency; 0.041-0.079 g - ml~! — marginal level;
above 0.079 g - ml~! — physiological level. According to Smith et al. [1998], the
following biochemical standards should be used in the diagnosis of whole blood
selenium deficit in ruminants: less than 0.14 g - ml~! — deficiency; 0.14-0.20
g - ml~! — marginal level; above 0.20 g - ml~! — physiological level. According
to Puls [1994], biochemical standards used in the diagnosis of selenium deficit in
the liver of ruminants should be as follows: less than 0.1 g - ml~! of the above —
deficiency; 0.1-0.24 g - ml~! — marginal level; 0.25-1.2 g - ml~! — optimal level.

Selenium supplementation in ruminants

The results shown in Table 1 confirm that in some geographical areas there is
a deficiency of selenium in ruminants. At a low concentration of this element in
the serum/blood of ruminants, its supplementation is necessary. Selenium may be
supplemented in the inorganic or organic form. European Union permits supple-
mentation of ruminant feed additives with sodium selenite, sodium selenate and
selenium yeast Saccharomyces cerevisiae. Sodium selenite is most frequently ap-
plied in the feed industry. Selenium yeast are a source of organic selenium (mainly
selenomethionine).

The bioavailability of selenium depends on the species of animals. For pigs,
Se is available in both: organic and inorganic compounds. It was found that in
pigs 77% of Se in the form of selenite was resorbed in the gastrointestinal tract,
while in sheep it was only about 29% [Grela and Sembratowicz 1997]. Mineral
selenium compounds in ruminants are strongly reduced by rumen bacteria to non-
assimilable forms. According to Gerloff [1992], the factor that reduces the absorp-
tion is low rumen pH, typical for the high-yielding cows that receive high doses
of energy feed.

Pilarczyk et al. [2004] found a significant improvement in reproductive indi-
ces (fertility — 96%, and fecundity — 137.5%) after application of sodium selenite
in ewes. According to the authors, lamb losses in the experimental group were lo-
wer (9.2%) than in the control group (12.1%). Similar effects were obtained using
selenium yeast [Pilarczyk et al. 2013 a]. Deaths in the group of lambs derived
from the ewes fed selenium yeast were significantly lower, body weight of lambs
on the day of birth was higher, the number of live-born lambs was also higher
compared to the control group. Lambs derived from the mothers that were admi-
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nistered selenium yeast had significantly higher body weight at 33 and 90 days of
age compared to lambs of the mothers not receiving Se. Reproductive indices (fer-
tility and fecundity) were also improved as a result of the application of selenium
yeast in ewes. Segerson et al. [1986] established that the number of lambs born
alive from control and Se-treated ewes was 1.61 and 1.81, respectively, while the
number of lambs weaned per ewe was 1.1 and 1.5, respectively.

REFERENCES

Akhtar M.S., Farooq A.A., Mushta Q.M., 2009. Serum concentrations of copper, iron,
zinc and selenium in cyclic and anoestrus nili-ravi buffaloes kept under farm condi-
tions. Pakistan Vet. J. 29 (1), 47-48.

Antunovi¢ Z., Klapec T., Cavar S., gperanda M., Pavi¢ M., Novoselec J., Klir Z., 2013.
Status of selenium and correlation with blood GSH-Px in goats and their kids in orga-
nic breeding fed with different levels of organic selenium. Archiv Tierzucht 56 (16),
169-177.

Behne D., Kyriakopoulos A., Weiss-Nowak C., Kalckloesch M., Westphal C., Gessner H.,
1996. Newly found selenium-containing proteins in the tissues of the rat. Biol. Trace
Elem. Res. 55, 99-100.

Benemariya H., Robberecht H., Deelstra H., 1993. Zinc, copper, and selenium in milk and
organs of cow and goat from Burundi, Africa. Sci. Total Environ. 128, 83-98.

Bombik T., Bombik E., Gorski K., Rymuz A.K., Saba L., 2010. Selenium content in feed
and cows’ blood serum in the central-eastern Poland. Bull. Vet. Inst. Pulawy 54, 273—
-276.

Borowska K., 2002. Wplyw nawozenia organicznego i zr6znicowanych dawek azotu na
zawarto$¢ selenu w bulwach ziemniaka i glebie na tle jej niektérych wtasciwosci
[Influence of organic fertilization and diversified nitrogen doses on selenium content
in potatoes and soil, according to its selected features]. Acta Agrophys. 70, 55-63 [in
Polish].

Borowska K., 2010. Selen w glebie i roslinach w warunkach zréznicowanego nawozenia
organicznego i mineralnego [Selenium in soil and plants under conditions of different
organic and mineral fertilization]. Wydaw. Uniw. Technologiczno-Przyrodniczego,
Bydgoszcz, Rozprawa nr 140. [in Polish].

Bostedt H., Schramel P., 1990. The importance of selenium in the prenatal and postnatal
development of calves and lambs. Biol. Trace Elem. Res. 24, 163-71.

Broadley M.R., White PJ., Bryson R.J., Meacham M.C., Bowen H.C., Johnson S.E.,
Hawkesford M.J., Mc Grath S.P., Zhao F.J., Breward N., Harriman M., Tucker M.,
2006. Biofortification of UK food crops with selenium. Proc. Nutr. Soc. 65, 169—181.

Cartes P., Gianfreda L., Mora M.L., 2005. Uptake of selenium and its antioxidant activity
on ryegrass when applied as selenate and selenite forms. Plant Soil. 276, 359-367.

Castillo C., Hernandez J., Valverde L., Pereira V., Sotillo J., Lépez Alonso M., Benedito
J.L., 2006. Plasma malonaldehyde (MDA) and total antioxidant status (TAS) during
lactation in dairy cows. Res. Vet. Sci. 80, 133-1309.

Acta Sci. Pol.



Selenium in the diet of ruminants 11

Coggins V.L., 2006. Selenium supplementation, parasite treatment, and management of
bighorn sheep at Lostine River, Oregon. Bienn. Symp. North Wild Sheep Goat Counc.
15, 98-106.

Cox M.K., 2006. Effects of mineral supplements on California bighorn sheep in northern
Nevada. Bienn. Symp. North Wild Sheep and Goat Counc. 15, 107-120.

Deore M.D., Srivastava K.A., Sharma S.K., 2002. Blood selenium levels during diffe-
rent stages of selenosis in buffaloes and its evaluation as a diagnostic tool. Vet. Hum.
Toxicol. 44 (5), 260-263.

Fenimore R.L., Adams D.S, Puls R., 1983. Selenium Levels of Beef Cattle in Southeastern
British Columbia Relative to Supplementation and Type of Pasture. Can Vet J. 24 (2),
41-45.

Flohe L., Andreesen J.R., Brigelius-Flohe R., Maiorino M. Ursini F., 2000. Selenium, the
element of the moon, in life on earth. [UBMB Life, 49, 411-420.

Flueck W.T., Smith-Flueck J.M., Mionczynski J., Mincher B.J., 2012. The implications
of selenium deficiency for wild herbivore conservation: a review. Eur. J. Wildl. Res.
58 (5), 761-780.

Gerloff B., 1992. Effect of selenium supplementation on dairy cattle. J. Anim. Sci. 12,
3934-3940.

Gladyshev V.N., 2001. Selenium in biology and human health: controversies and perspec-
tives. In: D.L. Hatfield (ed.). Selenium: Its Molecular Biology and Role in Human
Health, Boston, Kluwer, 313-317.

Grace N.D., 1994. Selenium. In: Managing trace element deficiencies. N.D. Grace (ed.).
New Zealand

Grace N.D., 1997. Use of biochemical cryteria to diagnose trace element deficiencies in
sheep and cattle [in: Proceeding of 9th International Conference on Animal Produc-
tion] Berlin 11-14 September 1997. Verlag Sttudgard.

Grela E.R., Sembratowicz 1., 1997. Organiczne zwiazki selenu w zywieniu zwierzat [Orga-
nic selenium compounds in animal nutrition]. Med. Weter. 53 (7), 385-386 [in Polish].

Griffin A.C., 1982. The chemopreventive role of selenium in carcinogenesis. In: Molecular
interrelations of nutrition and cancer. Arnott MS, van Eys J, Wang YM (eds.). New
York, NY: Raven Press, 401-408.

Harris B.Jr., 1987. Feeding and management of dairy goats. FCES Publication No. 761,
University of Florida, Gainesville, FL, USA, 1-10.

Hartikainen H., 2005. Biogeochemistry of selenium and its impact on food chain quality
and human health. J. Trace Elem. Med. Bio. 18, 309-318.

Hulland T.J., 1985. Muscles and Tendons. In Pathology of Domestic Animals, Third Edn,
(eds) Jubb K.V.F,, P.C. Kennedy, Palmer 1, Academic Press Inc., London, 140-195.

Humann-Ziehank E., Tegtmeyer P.C., Seelig B., Roehrig P., Ganter M., 2013. Variation
of serum selenium concentrations in German sheep flocks and implications for herd
health management consultancy. Acta Veterinaria Scandinavica 55, 82-83.

Jankowiak D., Pilarczyk R., Drozd R., Pilarczyk B., Tomza-Marciniak A., Wysocka G.,
Rzad 1., Drozd A., Kuba J., 2015. Activity of antioxidant enzymes in the liver of wild
boars (Sus scrofa) from a selenium-deficient area depending on sex, age, and season
of the year. Turk. J. Biol. 39, 129-138.

Kabata-Pendias A., Pendias H., 1999. Biochemia pierwiastkéw §ladowych [Biogeochemi-
stry of trace elements]. PWN, wyd. II, Warszawa. [in Polish].

Zootechnica 13 (4) 2014



12 B. Kruzhel et al.

Karimi-Poor M., Sayed-Noroden T., Zamani F., Pirestani A., Bahrami Y., 2011. Investiga-
tion of Selenium concentration of sheep’s diet, blood and milk in different regions
from a central state of Iran. Ann. Biol. Res. 2 (3), 51-61.

Kawecka, M., Jacyno, E., Matysiak, B., Kotodziej-Skalska, A., Pietruszka, A., 2013.
Effects of selenium and vitamin E supplementation on selenium distribution and meat
quality of pigs. Acta Agriculturae Scandinavica A: Animal Sciences 63 (4), 194-200.

Kommisrud E., @steras O., .Vatn T., 2005. Blood Selenium Associated with Health and
Fertility in Norwegian Dairy Herds. Acta Vet. Scand. 46, 229-240.

Levander O. A., 1986. Selenium. In Trace Elements in Human and Animal Nutrition
(Mertz M., Ed.), Academic Press, London, 139-197.

Maehira G., Luyo G.A, Oshiro M., 2002. Alterations of serum selenium concentrations
in the acute phase of pathological conditions. Clin. Chim. Acta, 316, 137-146.

Mahan D.C., Kim Y.Y., 1996. Effect of inorganic or organic selenium at two dietary levels
on reproductive performance and tissue selenium concentrations in first-parity gilts
and their progeny. J. Anim. Sci. 74, 2711-2718.

Maikeld—Kurtto R., Sippola J., 2002. Monitoring of Finnish arable land: changes in soil
quality between 1987 and 1998. Agr. Food Sci. Finland, 11, 273-284.

Mayland H.F., 1994. Selenium in plants and animal nutrition. [In] Selenium in the Environ-
ment, W.T. Frankenberg Jr., S. Benson (red.) Marcel Dekker Inc., New York, 29-45.

McCann J.C., Ames B.N., 2011. Adaptive dysfunction of selenoproteins from the per-
spective of the triage theory: why modest selenium deficiency may increase risk of
diseases of aging. FASEB J. 25, 1793-1814.

McComb T., Bischoff K., Thompson B., Smith M.C., Mohammed H.O., Ebel J., Hille-
brandt J., 2010. An investigation of blood selenium concentrations of goats in New
York State. J Vet. Diagn. Invest. 22(5), 696-701.

Morand-Fehr P., 1981. Nutrition and feeding of goat — application to temperature climatic
condition. In: Gall. C. (Ed.), Goat Production. Academic Press, London, UK, 193—
-232.

Musik 1., Starostawska E., Pasternak K., 2003. Effect of organic selenium compounds
on the activity of glutathione peroxidase and superoxide dismutase in selected mouse
tissues. Bull. Vet. Inst. Pulawy, 47, 567-573.

Navarro-Alarcon L., Lopez de la Serrana H., Perez-Valero V., Lopez-Martinez C., 1998.
Serum selenium levels in indicators of body status in cancer patients and their re-
lationship with other nutritional and biochemical markers. Sci. Total Environ. 212,
195-202.

Nowakowska E., 2013. Zawartos¢ selenu w wybranych narzadach (watroba, nerki) zwie-
rzat wolno zyjacych (sarna, jelen, dzik) jako kryterium oceny zasobnosci Srodowiska
w ten pierwiastek na terenie Polski [Selenium level (in liver and kidneys) of free-living
animals (roe deer, red deer and wild boar) as a criterion for assessment of this element
content in the environment in Poland]. Praca doktorska [Doctoral thesis]. WBiHZ w
Szczecinie [in Polish].

Oh S., Sunde R., Pope A., Hoekstra W., 1976. Glutathione peroxidase response to sele-
nium intake in lambs fed a torulabased, artificial milk. J. Anim. Sci. 42, 977-983.
Pamukcu T., Sel T., Yarim G., 2001. Blood Serum Concentrations of Selenium and Gluta-

tione Peroxidase Activity in Akkaraman Sheep. Turk. J. Vet. Anim. Sci. 25, 731-734.

Acta Sci. Pol.



Selenium in the diet of ruminants 13

Parvu Gh., Costea M., Parvu M., Nicolae B., 2003. Tratat de nutritie a animalelor, Editura
Coral Sanivet, Bucuresti. Pastoral Agricultural Research Institute, Palmerston North,
New Zealand 9-23.

Pavlata L., Illek J., Pechovd A., Matujidek M., 2002. Selenium Status of Cattle in the
Czech Republic. Acta Vet. Brno 71, 3-8

Pechowa A., Sevcikova L., Pavlata L., Dworak R., 2012. The effect of various forms of
selenium supplied to pregnant goats on selected blood parameters and on the concen-

tration of Se in urine and blood of kids at the time of weaning. Veterinarni Medicina
57(8), 394-403.

Pigta M., Patkowski K., 2007. Sktad mineralny wetny i surowicy krwi owiec rasy Swi-
niarka jako wskaznik oceny Srodowiska [Mineral composition of wool and blood
serum of Swiniarka sheep breed as an indice of environment evaluation]. Annales
Universitatis Marie Curie-Sktodowska Lublin — Polonia 2, Sectio EE, 71-77 [in Po-
lish].

Pilarczyk B., Udata J., Stankiewicz T., Hendzel D., Tylkowska A., Vovk S., 2011 a.
Beurteilung der Selengehalte im Blutserum von Pferden in Polen. Tierédrztl. Umschau
66, 163-165.

Pilarczyk B., Balicka-Ramisz A., Ramisz A., Adamowicz E., Bujak T., Tomza-Marciniak
A., Bakowska M., Dabrowska-Wieczorek M., 2008 a. Selenium concentration in roe
deer from the Western Pomerania, Poland. Bull. Vet. Inst. Pulawy 52, 631-633.

Pilarczyk B., Balicka-Ramisz A., Ramisz A., Adamowicz E., Pilarczyk R., Tomza-Marci-
niak A., Bakowska M., 2009. Selenium concentration in liver and kidney of free living
animals (roe and red deer) from West Pomerania (Poland). Eur. J. Wildl. Res. 55, 279—
—283.

Pilarczyk B., Balicka-Ramisz A., Ramisz A., Pilarczyk R., Sablik P., Wéjcik J., 2008 b.
Selengehalte im Blutserum von aus Deutschland, Tschechien, Frankreich und Holland
nach Polen importierten Rindern. Tierdrztl. Umschau 63, 243-246.

Pilarczyk B., Balicka-Ramisz A., Ramisz A., Vovk S., Tomza A., Wieczorek M., 2005.
Badania nad poziomem selenu w surowicy zwierzat gospodarskich pochodzacych z te-
renu Pomorza Zachodniego i zachodniej Ukrainy [The investigation of serum sele-
nium levels in farm animals from Western Pomerania and Western Ukraine]. Folia
Univ. Stein. Zootechnica 243 (47), 137-142 [in Polish].

Pilarczyk B., Balicka-Ramisz A., Ramisz A., Vovk S., Major D., Jastrzgbski G., Cisek
A., 2004. Wptyw podawania selenu na jego poziom w surowicy krwi oraz wybrane
wskazniki uzytkowosci krow, swin i owiec [Effect on selenium supplementation on
serum Se levels and selected of performance parameters in cows, pigs and sheep].
Folia Univ. Agric. Stetin., Zootechnica 235 (46), 53-58. [in Polish].

Pilarczyk B., Balicka-Ramisz A., Ramisz A., Vovk S., Vantukh A., Bakowska M., Hoto-
wacz [., Templin E., 2010. Selengehalt im Serum von Hunden und Katzen in Westpom-
mern und der Westukraine. Tierdrztl. Prax Kleintiere 38 (6), 374-378.

Pilarczyk B., Jankowiak D., Tomza-Marciniak A., Pilarczyk R., Sablik P., Drozd R.,
Tylkowska A., Skélmowska M., 2012. Selenium concentration and glutathione pe-

roxidase (GSH-Px) activity in serum of cows at different stages of lactation. Biol.
Trace Elem. Res. 147, 91-96.

Zootechnica 13 (4) 2014



14 B. Kruzhel et al.

Pilarczyk B., Majewska D., Tomza-Marciniak A., Tylkowska A., Ligocki M., Rzad L.,
Majewski J., 2011 b. Beurteilung der Selenkonzentration bei StrauBen in Polen. Tier-
arztl. Umschau 66 (11), 461-466.

Pilarczyk B., Pilarczyk R., Tomza-Marciniak A., Kowieska A., Wéjcik J., Sablik P.,
Tylkowska A., Hendzel D., 2011 c. Selenkonzentration im Blutserum und in der Milch
von Kuhen aus einem okologischen Betrieb und aus konventionellen Betrieben in
einem Selenmangelgebiet. Tierarztl. Umschau 66(6), 248-252.

Pilarczyk B., Tomza-Marciniak A., Dobrzafiski Z., Szewczuk M., Stankiewicz T., Gacza-
rzewicz D., Lachowski W., 2013 a. The effect of selenized yeast supplementation on
some performance parameters in sheep. Turk. J. Vet. Anim. Sci. 37, 61-67.

Pilarczyk B., Tomza-Marciniak A., Pilarczyk R., Kuba J., Mituniewicz-Matek A., Dmyt-
réw L., Stankiewicz T., Udata J., 2013 b. Selengehalt im Fleisch und in ausgewéhlten
Organen von Ziegenlimmern sowie in der Ziegenmilch und ihren Produkten aus dem
Gebiet Westpommern. Ziichtungskunde 85 (6), 451-461.

Pilarczyk R., Wéjcik J., Czerniak P., Sablik P., Pilarczyk B., Tomza-Marciniak A., 2013 c.
Concentrations of toxic heavy metals and trace elements in raw milk of Simmental and
Holstein—Friesian cows from organic farm. Environmental Monitoring and Assess-
ment 185, 8383-8392.

Pop .M., Radu-Rusu C., Simeanu D., Pop C., Fleancu N., 2011. Effects induced by a so-
urce of organic selenium and e vitamin usage in dairy cattle feeding. Lucréri Stiintifice
55, Zootehnie 160-164.

Prasad T., Arora S.P., 1991. Influence of different sources of injected selenium on cer-
tain enzymem, glutatione and adenosylmethionine concentration In Buffalo (Bubalus
bubalis) calves. British Journal of Nutrition 66, 261-267.

Puls R., 1994. Mineral levels in animal health: diagnostic data, 2nd edn. Sherpa Internatio-
nal, Clearbrook, 356.

Radostits O.M., Gay C.C., Blood D.C., Hinchcliff K.W., 2000. Veterinary Medicine: A te-
xtbook of the diseases of cattle, sheep, pigs, goats and horses. 9 ed. London, Harcourt
Th Publishers Ltd.1877.

Ramadan A.A., Ghoniem A,A., Hassan H.M., Youssef A.E., 2001. Effects of beta-caro-
tene, selenium and vitamin A on in vitro polymorphonuclear leukocytic activity in
peripartal buffalo (Bubalus bubalis). Theriogenology 55 (3), 693-704.

Ramirez-Bribiesca J.E., Tortora J.L., Huerta M., Aguirre A., Hernandez L.M., 2001.
Diagnosis of selenium status in grazing dairy goats on the Mexican plateau. Small
Ruminant Research 41, 81-85.

Rayman M.P,, 2000. The importance of selenium to human health. Lancet, 356, 233-241.

Rederstorff M., Krol A., Lescure A., 2006. Understanding the importance of selenium
and selenoproteins in muscle function. Cell Mol Life Sci. 63, 52-59.

Ren Y., Wang Q., Shi L., Yue W., Zhang C., Lei F.,, 2011. Effects of maternal and dietary
selenium (Seenriched yeast) on the expression of p34cdc2 and CyclinB1 of germ cells
of their offspring in goats. Anim. Reprod. Sci. 123, 187-191.

Sablik P., Kobak P, Pilarczyk B., Szarkowski K., Syczewski A., 2011. Serum selenium
concentrations in water buffaloes (Bubalus bubalis) and Black-and-White German
Holstein-Friesian cows raised in the Notec River region of the Wielkopolska province.
Bull. Vet. Inst. Pulawy 55, 141-144.

Acta Sci. Pol.



Selenium in the diet of ruminants 15

Segerson E.C., Riviere G.J., Dalton H.L., Whitacre M.D., 1981. Retained Placenta of
Holstein Cows Treated with Selenium and Vitamin E. J. Dairy Sci. 64, 1833—-1836.
Segerson E., Gunsett F., Getz W., 1986. Selenium-vitamin E supplementation and pro-
duction efficiency in ewes marginally deficient in selenium. Livest. Prod. Sci. 14,

149-159.

Seremak B., Pilarczyk B., Tomza-Marciniak A., Pilarczyk R., Jakubczak A., Dziadosz
M., Ptawski K., Hendzel D., 2011. Assessment of selenium concentration in selected
organs of farmer raccoon dogs (Nyctereutes procyonoides). Ann. Anim. Sci. 11 (4),
519-527.

Slavik P., Illek J., Zeleny T., 2007. Selenium Status in Heifers, Late Pregnancy Cows and
Their Calves in the Sumava Region, Czech Republic. Acta Vet. Brno 76, 519-524
Stupczynska M., Kinal S., Hadry$ M., Krél B., 2009. Utilization of selenium compounds

in nutrition of lambs. J. Elementol. 14 (1), 157-164.

Smith K.L., Weiss W.P., Hogan J.S., 1998. Influence of vitamin e and selenium on mastitis
and milk quality in dairy cows. Texas Animal Nutrition Council (http://txanc.org/wp-
content/uploads/2011/08/vitamine.pdf), date of access: 31.12.2014.

Suttle N.F., 2010. Selenium. In: Mineral nutrition of livestock, 4rd Ed. CABI Publ, Oxon
2010, UK. 377-425.

Terzano G. M., Allegrini S., Borghese A., Roncoroni C. Alfierri L., 2005. Metabolic and
hormonal parameters In buffaloes. Buffalo production and research. Roma 219-249.

Tinggi U., 2005. Selenium toxicity and its adverse health effects. Wyd: Taylor & Francis,
Boca Raton, Preedy R. and Watson R.R. Reviews in Food and Nutrition Toxicity. FL,
29-55.

Villar D., Arthur J.R., Gonzalez J.M., Pallares F.J. Carson T.L., 2002. Selenium status in
cattle: interpretation of laboratory results. Bov. Pract. 36, 73—80.

Wesotowski M., Ulewicz B., 2000. Selen — pierwiastek sladowy niezbgdny dla cztowieka,
wystepowanie, znaczenie biologiczne i toksyczno$¢ [Selenium — a trace element es-
sential for human, occurence, biological importance and toxicity]. Farm. Polska 56,
1004-1019 [in Polish].

World Health Organization, 1987. Environmental Health Criterion 58—Selenium, World
Health Organization, Geneva.

Yldranta T., 1990. The selenium content of some agricultural crops and soils before and
after the addition of selenium to fertilizers in Finland. Ann. Agric. Fenn. 29, 131-139.

Zust J., Hrovatin B., Simundic B., 1996. Assessment of selenium and vitamin E deficien-
cies in dairy herds and clinical disease in calves. Vet. Rec. 16, 391-394.

Zootechnica 13 (4) 2014



16 B. Kruzhel et al.

SELEN W ZYWIENIU PRZEZUWACZY

Streszczenie. Liczne wyniki badai wskazuja, ze na wigkszosci obszaréw istnieja
niedobory selenu w Srodowisku. Wskaznikiem zaopatrzenia organizmu w selen moze
by¢ jego stezenie w surowicy lub krwi (przyzyciowo), jak i réwniez jego zawartos$¢
w watrobie oraz nerkach (po$miertnie). Najczesciej stosowanym kryterium oceny sta-
tusu selenowego u zwierzat gospodarskich jest jego zawarto§¢ w surowicy lub krwi.
Wazne jest, aby uzupetnia¢ niedobor selenu u zwierzat bytujacych w regionach niedo-
borowych, zwlaszcza u przezuwaczy, gdyz dlugotrwaty deficyt tego pierwiastka moze
doprowadzi¢ do licznych schorzer.

Stowa kluczowe: choroby, przezuwacze, selen
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