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Abstract: The study included lambs of Mis population, divided into two
groups (experimental and control) .All the animals fed with identical portions of
meals consisted of alfalfa hay and fully concentrate mixtures. Meals are only
different in the fact that the experimental group received organic selenium and
contained 2000 mg of selenium / kg preparations, while the control group received
inorganic selenium in the form of sodium selenite (Na2SeO3). Each animal
consumed the same amount of selenium than 0.3 mg / kg of dry matter in the
organic or inorganic form, which added in the mineral-vitamin premix. Diet of
lambs has been ad libitum. The body weight of lambs in both (control and
experimental groups), were balanced at 60 days (19.60 kg : 19.65 kg) and 100 days
(31.06 kg : 32.88 kg). The result on average daily gain of the control and
experimental groups were almost similar and there were no statistically significant
differences (P> 0.05) in the measured values from 28 to 60 days (259.0 : 255.0 g),
from the 60-100 days (286.0 : 330.0g), and on average from 28 to 100 days (274.0 :
297.0. g). Both treatment have no significant effect on lambs’ performance (body
weight and growth). The study results showed that the diet of lambs experimental
group, based meal supplement organic selenium resulted in significantly higher
concentration of Se in MLD, kidneys, liver and spleen, compared with the control
group, which are consumed inorganic form of selenium. The differences between
the Se content in MLD the experimental and control groups were on significance
level P <0.05, while the differences in the content of Se in kidney, liver and spleen,
the aforementioned treatments were statistically highly significant (P <0.01). So
fattening lambs are better utilizing organic source of selenium, which is associated
with better absorption of this element.
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Introduction

Selenium (Se) was discovered in 1817, and considered a toxic element for
humans and animals, until Rotruck et al. (1973) have not yet established that it is
incorporated in selenocysteine (SeCys) which is essential element for the normal
life processes. Selenium (Se), in the form of selenocysteine, is the central structural
component of a number of specific enzymes, and especially catalase, glutathione
peroxidase, which allows the host defense against oxidative stress. An adequate
intake of selenium is needed to reduce the risk of myopathy, immunodeficiency,
cardiovascular disease, cancer (Rock et al., 2001; Hartikainen, 2005). For animals
and especially lambs, selenium deficiency is associated with white muscle disease.
Selenium from food mainly derived from plants, which are adopted from the soil
selenium in inorganic form, and synthesize the most selenomethionine (Mezes and
Balogh, 2006). Selenium is an essential micronutrient in sheep and the deficiency
of it can limit lamb growth and survival (Stewart et al., 2012). Selenium has a
variety of role and is an essential element in the diet of animals. Generally, there
are two forms of selenium, inorganic (selenate and selenite) and organic
(selnomethione and selenocysteine), Sunde, (2006) and that both forms can be a
good source of selenium dietary (Terry et al., 2012). The soils contain inorganic
selenites and selenates that plants accumulate and convert to organic forms, mostly
selenocysteine and selenomethionine and their methylated derivatives. Selenium is
a naturally occurring metalloid element that is essential to human and animal health
in trace amounts but is harmful in excess. Any deficiency or excess in the diet
affected animal health, the intake of selenium being dependent on the amount of
selenium taken up by plants as bioavailable selenium (Fordyce, 2005). While light
soils and lush legume-dominant pastures are most often associated with selenium
responsive conditions in animals, there are many exceptions (Karimi-Poor et al.,
2011). Selenium behaves antagonistically with copper and sulfur in humans and
animals inhibiting the uptake and function of these elements (Khanal & Knight,
2010). It serves as an anti-oxidant that works in conjunction with vitamin E to
prevent and repair cell damage in the body, also involved in immune function and
is necessary for growth and fertility (Khanal and Knight, 2010; Karimi-Poor et al.,
2011,). Moreover, Se is a component of selenoproteins and is involved in immune
and neuropsychological function in the nutrition of animals (Meschy,
2000).Various selenium contains amino acids that occur in nature and play
important physiological roles especially in grazing sheep. Selenium after absorb
from plants roots transferred to tissues and milk accompanying with plasma
protein. More than 80% of protein-bound Se is selenocysteine. Ullrey, (1987),
pointed out that the forms of Se in animal tissues have not completely understood
but some is bound to protein, perhaps by a selenium-sulfide linkage, and that some
had integrated into proteins. Therefore, regulation and synthesis of those proteins
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and its behavior in the different organs and tissues are dependent highly on
selenium supply (Karimi-Poor et al., 2011).

However, the content of Se in the plants in our area (experimental farm of
the institute) is low and in order to alleviate the consequences of nutritional
deficits, it is necessary to supplement this element in diets for feeding of lambs. As
source of selenium is mainly used selenite and selenate. However, organic sources
of selenium in the form of selenomethionine, has certain advantages. Weiss (2005)
suggests that the digestibility of sodium selenite in sheep is around 50%, while the
adoption of organic forms around 66%. Also well known that Se organic sources,
is incorporated more efficiently into tissue than of Se inorganic sources (Ehlig et
al., 1967; Van Ryssen et al., 1989).

The aim of this study was to compare the effects of different Se sources on
growth performance of lambs and to determine the selenium content in muscles
and organs of fattening lambs.

Material and methods

The study included 30 lambs of Mis population, with an average age of 28
days. The lambs were divided into two groups (experimental and control) which
were completely uniform in all relevant parameters (body weight, age, sex, type of
birth). All the animals fed with identical portions of meals consisted of alfalfa hay
and fully concentrate mixtures containing 18% of protein. Composition of
concentrate mixtures were the following (%): whole grain corn-58.4; whole
soybeans -23.6; wheat bran 10%; yeast-5; minerals-2; premix-1. The mixture
contained: 88.83% dry matter; 18.73% of the total protein and 1.208 NU, kg / kg.
With the achieved body weight of 15 kg onward, lambs continued to feed
concentrate with 16% of the total protein and alfalfa hay. The mixture contained
87.77% of dry matter of 16.47% as the total of protein and 1.198 NU, kg / kg.
Meals are only different in the fact that the experimental group received organic
selenium, which is a product of the American company Alltech and contained 2000
mg of selenium / kg preparations, while the control group received inorganic
selenium in the form of sodium selenite (Na2SeO3). Each animal consumed the
same amount of selenium than 0.3 mg / kg of dry matter in the organic or inorganic
form, which added in the mineral-vitamin premix. Diet of lambs has been ad
libitum. In addition to the meals, lambs supplied with water through automatic
drinkers. The measurement of lambs was performed on 28, 60 and 100 days when
they were calculated the average daily weight gain of 28 to 60 days, from 60 to 100
days and an average of 28-100 days of fattening.. The average daily intake, feed
conversion and nutrient material had accompanied by the same dynamics. At the
end of the experiment, animals have weighed and slaughtered seven lambs per
treatment in the experimental slaughterhouse of the Institute for Animal
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Husbandry. After slaughtering and primary processing, which is performed by
standard methodology, the samples were taken from muscle (Musculus longissimus
dorsi), kidney, liver and spleen in order to determine the selenium content.
Statistical analysis of the obtained data was performed using the program Statistica
10.

Results and Discussion

Table 1. Body weight and growth of lambs

Treatments Body weight, kg ADG, g
Initial body 60 days 100 days 28-60 60-100 28-100
weight
Control
(inorganic 11.30 19.60 31.06 259 286 274
Se)

Experimental

(organic Se) 11.49 19.65 32.88 255 330 297

a,b -P<0.05

The average body weight and average daily gain of lambs are shown above
(Table 1). The body weight of lambs in both (control and experimental groups),
were balanced at 60 days (19.60 kg: 19.65 kg) and 100 days (31.06 kg: 32.88 kQ).
The result on average daily gain of the control and experimental groups were
almost similar and there was no statistically significant difference (P> 0.05) in the
measured values from 28 to 60 days (259.0: 255.0 g), from the 60 -100.days
(286.0: 330.0g), and on average from 28 to 100 days (274.0: 297.0. g). Both
treatments had no significant effect on lambs’ performance (body weight and
growth). The result we obtained was comparable with the findings of (Chladek et
al.,, 1999; Antunovi¢ et al., 2009). Likewise, in the study of Antunovi¢ et al.,
(2014), found non-significant differences in body weights of fattening lambs
depending on dietary treatments with selenium. Vignola et al. (2009) who tested
the influence of different sources and levels of selenium in diets for feeding of
lambs of the Apennine breed have stated that the treatment had no significant effect
on the average daily gain. Luthman and Lindh, (1990), gave their explanation to
the specified results that “unless there is an evident lacking of Se, selenium
supplementation does not affect the growth performance of lambs”. Different result
found by Kumar et al., (2009), in their study, supplementation of organic as well as
inorganic Se, has found to improve the growth rate, of the lambs and that between
the two sources, organic Se was more effective than inorganic Se.
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Table 2. Average daily intake of nutritive substances of meals and consumption of nutritive

substances per kg of gain

Indicator Average daily intake of nutritive Consumption of nutritive substances
substances of meals per kg of gain
Experimental | Control Experimental | Control
28-60
Dry matter, kg 0.580 0.517 2.295 1.995
Total protein, g 119 109 472 420
NU, ka/kg 0.637 0.569 2.522 2.193
60-100
Dry matter, kg 0.790 0.814 2.390 2.855
Total protein, g 146 148 441 519
NU, ka/kg 1.014 1.024 3.070 3.593
28-100
Dry matter, kg 0.695 0.680 2.345 2.481
Total protein, g 134 130 452 476
NU, kag/kg 0.844 0.818 2.847 2.987

In table 2, the differences were minimal, in favor of the Experimental
group in periods 28-60: 28-100 days on the Average daily intake of nutritive
substances of meals on the following indicator and differences (experimental :
control); Dry matter, kg-0.063:0.015; Total protein, g-10:4; NU, kg/kg-0.068 :
0.026. In favor of control group at 60 100 days with such difference on the
following indicator: Dry matter, kg-0.024, Total protein, g-2, NU, kg/kg- 0.01.
Concerning the consumption of nutritive substances per kilogram of gain was
higher in the experimental group in period 28-60 with the following differences in
the indicator: Dry matter, kg - 0.3, Total protein, g - 52, NU, kg/kg - 0,329. At 60 -
100 and 28 - 100 in favor of the control group with the following differences: Dry
matter, kg - 0.465 : 0.136, Total protein, g — 78 :24, NU, kg/kg - 0.523 : 0.14.

Table 3. Selenium contents in muscle and organs

Tissue

Experimental group
(organic Se)

Control group
(inorganic Se)

M. longissimus dorsi, mg / kg 195.06% 130.32°
Kidney, pg/kg 1350.24" 1131.62°
Liver, mg / kg 710.22% 591.13%
The spleen, mg / kg 390.43% 301.25°

abp<p.05 AB P<0.01
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The study results showed that the diet of lambs experimental group, based
meal supplement organic selenium resulted in significantly higher concentrations
of Se in MLD, kidneys, liver and spleen, compared with the control group, which
are consumed inorganic form of selenium. The differences between the Se content
in MLD The experimental and control groups at a significance level P <0.05, while
the differences in the content of Se in kidney, liver and spleen, the aforementioned
treatments were statistically highly significant (P <0.01). So fattening lambs are
better utilizing organic source of selenium, which is associated with better
absorption of this element. Previous studies in ruminants (Aspila, 1988) have
pointed to the better absorption of organic selenium compared to inorganic
selenium (65, 50). The weaker absorption of inorganic selenium is probably the
result of reducing the availability of selenium from food from insoluble forms (Se
element or selenides) in the rumen (Varady et al., 2005). As seen in table 3, can
noticed that the accumulation of selenium in the internal organs significantly
higher (P<0.01) in comparison with that of the MLD (P<0.05) at both investigated
treatments and statistically significant differences (P<0.05) in favor of organic
selenium and indicating a better bioavailability. Organic selenium supplementation
gave 49.67% higher selenium contents in lamb meat than inorganic selenium
supplementations. Our result was similar with the findings of Steen et al., (2008),
of which they have noted that organic selenium supplementation gave 50% higher
selenium concentration in lamb meat than inorganic selenium supplementation.
The result obtained by Antunovié et al., (2009) on Se content in the muscle of OS
was higher than that found for the C lambs confirmed with ours. In our study, the
organic selenium supplementation has higher percentages (than inorganic
supplementation) of selenium acquired in internal organs: 19.32% in Kkidney,
20.15% in liver, 9.7% in the spleen. In both treatments has found the highest
content of selenium in kidney of which is complementary with the findings of other
authors. Combs & Combs, 1986; Supczyfiska et al., 2009, reported the amount of
Se in the tissues, ranked the highest in the kidney, followed by the liver and the
least in skeletal muscle. The Se contents in liver in each treatment had 3 to 4 times
higher than the muscle. As stated by Lee et al. (2004), which indicating that “a high
Se concentration in the liver compared with muscle might result from the fact that
liver acts as a major pool of Se in the body”, uphold our findings. Moreover, in the
studies of Juniper et al.,2009; QIN et al., 2007; Van Ryssen et al., 1989, in both
groups, the highest Se concentration was also found in the kidneys, which is true
in our results. Pehrson, (2005), terminated in his study that “the supplementation of
farm animal diets with organic selenium instead of inorganic selenium will
increase selenium status of lambs and slaughter lambs” in accordance with the
results we obtain. A different result found by Antunovié et al., (2009), where Se
content of kidney was not significantly affected by treatment but they concluded
that Se in organic form had a better bioavailability compared to the inorganic form.
Joksimovié et al., (2012), have noted in their papers that, “In difference to
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inorganic selenium, organic selenium is deposited more effectively in tissues.
Several authors who conducted similar studies have expressed their views
regarding their findings. Kim and Mahan, (2001), informed that Selenium
concentrations in tissues are affected by the dietary concentration and chemical
form of Se. Whereas, Ehlig et al., (1967); van Ryssen et al., (1989) commented in
their papers that Se from organic sources is also well known as more efficiently
incorporated into tissue than inorganic sources of Se. The distribution of Se in
tissues was dependent upon an organically bound source of Se fed to animals, and
that this could be due to the molecular forms of Se present in organic Se sources
(Lawler et al., 2004;Wu et al., 1997). Furthermore, various findings from feeding
of different chemical forms of dietary Se to animals showed that organic Se was
more bioavailable than inorganic Se of which resulted in an increase of Se contents
in tissues (Lawler et al., 2004; Lee et al., 2006). In addition to selenium enriched
yeast (organic form) most occupies part of selenomethionine which must undergo
enzymatic transformation to selenocysteine lyase prior to the release of specific
selenium without the production of reactive intermediates (Foster et al., 1986).
Hakkarainen (1993) pointed out that the microbial population of the rumen can
incorporate selenomethionine from selenized yeast in their proteins and thereby
reduce selenium ingested food to insoluble forms, such as elemental selenium, and
thus make it less available for absorption. The content of selenium in tissues is
associated with a higher metabolic activity viscelarnih organs such as; kidneys,
liver, spleen and pancreas. Absolutely the greatest concentration of Se was
observed in the renal cortex. The explanation for this phenomenon is based on the
fact that the proximal renal tubules main site of synthesis of three specific
selenoproteins: a phospholipid hydroperoxide glutathione peroxidase, type |
deiodinase iodotironin -5 and plasma glutathione peroxidase (Mony and Larras
Regards, 2000).

Conclusion

Based on the conducted research and the results obtained, we can conclude:

» Source of selenium (inorganic and organic form) in meals of lambs, did not
significantly affect the production performance of fattening lambs.

o Accumulation of selenium in the internal organs of lambs was significantly
higher compared with the content in MLD at both trial treatments, a statistically
significant difference in favor of organically bound selenium, indicate its better
bioavailability.
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Efekti dodavanja razlicitih oblika selena u obroke za tovnu
jagnjad

D. Ruzié-Musli¢, M.P. Petrovic, V.Caro - Petrovi¢, Milan M. Petrovi¢, Z. Bijelic,
Z. llic, J. Stojkovi¢

Rezime

Selen (Se) je esencijalni mikroelement za ljude i Zivotinje i predstavlja centralnu
strukturnu komponentu niza specifi¢nih enzima a pre svega glutation peroksidaze.
Uglavnom potice iz biljaka, koje iz zemljiSta usvajaju selen u neorganskom obliku.
SadrZaj Se u biljkama na naSem podrudju je nizak. Da bi se ublaZile posledice
nutritivnog deficita, neophodna je dopuna ovog elementa u obrocima za ishranu
Zivotinja. U tu svrhu se koriste organska i neorganska forma selena.

Cilj ovog istrazivanja je uporedivanje efekata razli¢itih formi selena na proizvodne
performanse i retenciju selena u tkivima tovne jagnjadi. IstraZivanjem je bilo
obuhvaceno 30 jagnjadi Mis populacije, prosecnog uzrasta oko 28 dana, podeljenih
u dve grupe. Grla su hranjena identi¢nim obrocima koji su se sastojali od sena
lucerke i potpune smeSe koncentrata. Obroci su se razlikovali u tome Sto je ogledna
grupa dobijala organski selen koji je bio proizvod americke firme Alltech i sadrzao
je 2000 mg selena/kg preparata, dok je kontrolna grupa dobijala neorganski selen u
obliku natrijumselenita (Na,SeO3). Svako grlo je konzumiralo identiénu koli¢inu
selena od 0.3mg/kg suve materije u organskom odnosno neorganskom obliku koji
su dodavani u mineralnovitaminsku predsmeSu. Rezultati ogleda su pokazali da su
telesne mase jagnjadi kontrolne i ogledne grupe bile ujednacene, kako 60. dana
(19.60 kg; 19.65 kg), tako i 100. dana (31.06 kg; 32.88 kg). Dnevni prirasti
jagnjadi kontrolne i ogledne grupe su takode bili slicni i1 nije bilo statisticki
znacajnih razlika (P>0.05) u vrednostima izmerenim od 28. do 60. dana (259.0 :
255.0 g), od 60.-100. dana (286.0 : 330.0g), i prosecno od 28. do 100. dana (274.0
:297.0. @). Izvori selena nisu znacajnije uticali na prosecno konzumiranje suve
materije (0.695 : 0.680 kg), ukupnih proteina (134.0:130.0 g), OHJ (0.844:0.818),
kao ni na konverziju hranljivih materija: suva materija (2.345: 2.481 kg); ukupan
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protein (452 :476 g), OHJ (2.847: 2.987 kg), u periodu od 28-100. dana ogleda.
Ishrana jagnjadi ogledne grupe, obrokom na bazi suplementa organskog selena je
rezultirala znatno ve¢im koncentracijama Se u MLD, bubrezima, jetri i slezini, u
poredenju sa grlima kontrolne grupe, koja su konzumirala neorgansku formu
selena.Ustanovljene razlike izmedu sadrzaja Se u MLD jagnjadi ogledne i
kontrolne grupe su na nivou znacajnosti P<0.05, dok su razlike u sadrZaju Se u
bubrezima, jetri i slezini, na navedenim tretmanima, bile statisticki veoma znacajne
(P<0.01). Dakle, tovna janjad su bolje iskoristila organski izvor selena, Sto se
dovodi u vezu sa boljom apsorpcijom ovog element.

References

ANTUNOVIC Z., NOVOSELEC J., KLAPEC T., CAVAR S., MIOCAND B.,
SPERANDA M, (2009): Influence of different selenium sources on performance,
blood and meat selenium content of fattening lambs. Ital J Anim Sci., 8, 163-165.
ANTUNOVIC Z, NOVOSELEC J., SPERANDA M., KLAPEC T., CAVAR S.,
MIOC B, KLIR Z., PAVIC V., VUKOVIC R. (2014): Influence of dietary
supplementation with selenium on blood metabolic profile and thyroid hormones
activities in fattening lambs. Pak Vet J, 34(2), 224-228.

ASPILA P. (1988): Metabolism of selenite, selenomethionine, and feed-
incorporated selenium in lactating goats and dairy cows. J.Agr.Sci. Finland 63, 1-
69.

CHLADEK G., KUCHTIK J.,,KOUTNIK V. (1999): Interaction between added
selenium and zinc on some technological parameters of lamb meat and on selenium
retention in body tissues of lambs. 15 th Altechs Annual Symposium on
Biotechnology in Feed Industry , Lexington, Ky.

COMBS JR. G. F., S. B. COMBS S. B. (1986): The Role of Selenium in Nutrition.
Academic Press. Inc., New York, NY.

EHLIG, C. F.,, HOGUE D. E., ALLAWAY W. H., HAMM. D. J. ( 1967): Fate of
selenium from selenite or selenomethionine with or without vitamin E in lambs. J.
Nutr.. 92,121-126.

FORDYCE, F. (2005): Selenium deficiency and toxicity in the environment. In: O.
Selinus, B. Alloway, J. A. Centeno, R. B. Finkelman, R. Fuge, U. Lindh and P.
Smedley (eds.), Essentials of MedicaGeology, Impacts of the Natural Environment
on Public Health. Elsevier Academic Press, Boston, San Diego, London, pp.373-
415.

FOSTER S.J., KRAUS R.J., GANTHER H.E. (1986): The metabolism of
selenomethonine, Se-methylseleno-cysteine, their selenonium derivates, and
trimethylselenonium in the rat. Arch. biochem. Biophus 251, 77-86.



598 D. Ruzi¢-Musli¢ et al.

HAKKARAINEN J. (1993): Bioavailability of selenium. Norvegain J Agr.Sci., 11,
21-35.

HARTIKAINEN, H. (2005): Biogeochemistry of selenium and its impact on food
chain quality and human health. J. Trace Elem. Med. Bio. 18, 309-318.
JOKSIMOVIC M., TODOROVIC V. D., SRETENOVIC LJ. (2012): The Effect
of Diet Selenium Supplement on Meat Quality. Biotechnology in Animal
Husbandry, 28 (3), 553-561.

JUNIPER D.T., PHIPPS R.H., RAMOS-MORALES E., BERTIN G. (2009):
Effects of dietary supplementation with selenium enriched yeast or sodium selenite
on selenium tissue distribution and meat quality in lambs. Animal Feed Science
and Technology 149, 228-239.

KARIMI-POOR M., SAYED-NORODEN T.E, FARSHAD Z., AKBAR P.,
YADOLLAH B. (2011): Investigation of Selenium concentration of sheep’s diet,
blood and milk in different regions from a central state of Iran. Annals of
Biological Research, 2 (3), 51-61.

KHANAL D.R., KNIGHT DACVIM A. P., (2010): Selenium: It’s Role In
Livestock Health And Productivity The Journal of Agriculture and Environment
Vol: 11 pp 101-105.

KIM, Y. Y., MAHAN D. C. (2001): Comparative effects of high dietary levels of
organic and

KUMAR N, GARG AK., DASS R.S., CHATURVEDI V.K.,, MUDGAL V.,
VARSHNEY V.P. (2009): Selenium supplementation influences growth
performance, antioxidant status and immune response in lambs. Anim Feed Sci

Tech 153, 77-87.

LAWLER, T. L., TAYLOR J. B, FINLEY J. W., CATON J. S. (2004): Effect of
supranutritional and organically bound selenium on performance, carcass
characteristics, and selenium distribution in finishing beef steers. J. Anim. Sci.
82,1488-1493.

LEE S. H., PARK B. Y., KIM W.Y. ( 2004): Effects of spent composts of
selenium-enriched mushrooms on carcass characteristics, plasma glutathione
peroxidase activity, and selenium deposition in finishing Hanwoo steers. J. Anim.
Sci. Technol., 46, 799-810.

LEE, S. H.,,PARKB. Y. ,LEES. S.,,CHOIN. J,, LEEJ. H., YEO J. M.,. HA J. K,
W. J. MAENG W. J.,, KIM W. Y. (2006): Effects of spent composts of selenium-
enriched mushroom and sodium selenite on plasma glutathione peroxidase activity
and selenium deposition in finishing Hanwoo steers. Asian-Aust. J. Anim. Sci., 19,
984-991.

MESCHY, F. (2000): Recent progress in the assessment of mineral requirements of
goats. Livest. Prod. Sci., 64, 9-14.



Effects of adding different ... 599

MONY M.C., LARRAS-REGARD E. (2000): Renal bioavailability of selenium
afther supplementation with different forms of selenium: ion probe and mass
spectrometry study. J. Trace Elem. Exp.Med. 13 (4), 367-380.

PEHRSON B.(2005): Organic selenium for supplementation on farm animal diets:
it's influence on the selenium status of the animals and on the dietary selenium
intake of man. In Re-defining mineral nutrition. Edited by Taylor-Pickard JA,
Tucker LA. Nottingham, Nottingham University Press; 2005:253-267.

QIN S.Y., GAO, J.Z., HUANG, K.H. (2007): Effects of different selenium sources
on tissue selenium concentrations, blood GSH-Px activities and plasma interleukin
levels in finishing lambs. Bio. Trace element Res., 116 (1), 91-102.

ROCK M.J., KINCAID R.L., CARSTENS G.E. (2001): Effect of prenatal source
of selenium on passive immunity and thermometabolism of newborn lambs. Small
Rumin. Res., 40 (2), 129-138

ROTRUCK, J. T., POPE A. L., GANTHER H. E., SWANSON A. B., HAFEMAN
D. G, W. G. HOEKSTRA W. G.(1973): Selenium: Biochemical role as a
component of glutathione peroxidase. Science 179:588.

STEEN A., STROM T., BERNHOFT A. (2008): Organic selenium
supplementation increased selenium concentrations in ewe and newborn lamb
blood and in slaughter lamb meat compared to inorganic selenium
supplementation. Acta Veterinaria Scandinavica, 50:7.

STEWART W. C,, BOBE G., PIRELLI G. ]J., MOSHER W. D., HALL J. A. (2012):
Organic and inorganic selenium: IIl. Ewe and progeny performance. ] ANIM
SCI., vol. 90 no. 12, 4536-4543

SUNDE R.A. (2006): Selenium. In: Bowman B, Russell R, eds. Present
Knowledge in Nutrition. 9th ed. Washington, DC: International Life Sciences
Institute,480-97.

SUPCZYNSKA M., KINAL S., HADRY@E M., KROL B.(2009): Utilization of
Selenium Compounds in Nutrition of Lambs. J. Elementol. 14(1): 157-164

TERRY E.N., DIAMOND A.M. (2012): SELENIUM. IN: ERDMAN JW,
MACDONALD IA, ZEISEL SH, eds. Present Knowledge in Nutrition. 10th ed.
Washington, DC: Wiley-Blackwell, 568-587.

ULLREY D.E. (1987): Biochemical and Physiological Indicators of Selenium
Status in Animals.J. Anim. Sci., 65,1712-1726.

VAN RYSSEN J.B.J., DEAGEN J.T., BEILSTEIN M.A., WHANGER P.D.
(1989): Comparative Metabolism of organic and inorganic selenium by sheep.
Journal of Agricultural Food Chemistry.37, 1358-1363.

VARADY J, SOPKOVA D, JANKUROVA J 2005: Prestup amoniaku cez
bachorovl sliznicu jahniat a oviecv podmienkach in vitro. Agriculture
(Polnohospodarstvo) 51: 180-184 (In Slovak)

VIGNOLA G.LAMBERTINI L., MAZZONE G., GIAMMARCO M., TASSINARI M.,
MARTELLI G., BERTIN G.(2009): Effects of selenium source and level of


http://www.ncbi.nlm.nih.gov/pubmed?term=Vignola%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20416571
http://www.ncbi.nlm.nih.gov/pubmed?term=Lambertini%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20416571
http://www.ncbi.nlm.nih.gov/pubmed?term=Mazzone%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20416571
http://www.ncbi.nlm.nih.gov/pubmed?term=Giammarco%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20416571
http://www.ncbi.nlm.nih.gov/pubmed?term=Tassinari%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20416571
http://www.ncbi.nlm.nih.gov/pubmed?term=Martelli%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20416571
http://www.ncbi.nlm.nih.gov/pubmed?term=Bertin%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20416571

600 D. Ruzi¢-Musli¢ et al.

supplementation on the performance and meat quality of lambs. Meat Sci.
81(4):678-85.

WEISS, W.P. 2005. Selenium sources for dairy cattle. In: Proc. of Tri-State Dairy
Nutr. Conf., Fort Wayne, IN, USA. p. 61-71

Received 24 September 2014; accepted for publication 2 November 2014


http://www.ncbi.nlm.nih.gov/pubmed/20416571

