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Introduction

Selenium (Se) is an important nutrient in animal and human nutrition. Before we
go further let us check the definition of Se in a medical dictionary (Merriam-Webster,
1996).

Selenium-a nonmetallic element that resembles sulfur and tellurium
chemically, causes poisoning in range animals when ingested by eating
some plants growing in soils in which it occurs in quantity, and occurs in
allotropic forms of which a gray stable form varies in electrical
conductivity with the intensity of its illumination and is used in electronic
devices-symbol Se.

Obviously all of us at this meeting are appalled at this definition, which notes only
toxicity and no mention of deficiency. Since 1957, the essential nature of Se has
become the center of attention, and this element is known to be required by laboratory
animals, food animals, and humans. Research has established that areas of the world
affected by Se deficiency are far greater and the consequences are more economically
important than those afflicted with Se excess (McDowell, 1997; 2003; Oldfield, 1999).
To add more insult to injury this dictionary in defining “white muscle disease”, notes that
it is due only to an inadequate intake of vitamin E (versus also Se).

Previously, the U.S. Food and Drug Administration (FDA) prohibited the addition
of supplemental Se to livestock feeds. However, from the time period of 1974-1980,
this regulatory agency gradually allowed Se supplementation for various classes of
livestock. Presently, the FDA is allowing Se supplementation to equal an upper limit of
0.3 ppm for livestock diets. Selenium is regulated by the FDA because it originally
(1943) was thought to cause cancer in rats and because of its perceived toxicity. The
suggestion has often been made that “the range between optimal and toxic levels of Se
is narrow”. This paper will update the tolerance of Se for ruminants and point out that
“the range between optimal and toxic levels of Se is wider than for most minerals”.
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Maximum Tolerable Selenium Concentrations

Selenium tolerance by domestic livestock varies with chemical form of the
ingested element, duration and continuity of intake, criterion of tolerance that is applied,
and nature of the whole diet. Maximum tolerable levels for livestock species have been
estimated (NRC, 1980; Table 1). In Table 1 the tolerance levels for sheep, cattle,
horses and rabbits are in parentheses at (2 ppm), indicating they were derived from
extrapolation versus reliable data. This committee of the NRC has noted that signs of
toxicosis have been seen in some animal species when 5 ppm Se was fed in relatively
short-term studies and 4 ppm for rats fed semipurified diets. However, 2 ppm Se has
produced no unequivocally toxic signs, and this dietary concentration is suggested as a
maximum tolerable level for all species (NRC, 1980).

Table 1. Maximum Tolerable Se (ppm) for Domestic animals?®

Cattle Sheep Swine Poultry Horse Rabbit
(2)° (2) 2 2 (2) (2)

NRC (1980)
PLevels in parenthesis derived by extrapolation

Is 2 ppm the maximum tolerable level for swine? Recent research from Ohio
would suggest otherwise (Kim and Mahan, 200la, b, ¢). Kim and Mahan (2001c) fed
Se-yeast and sodium selenite at Se levels of 0.3, 3, 7 and 10 ppm from 25 kg through
one parity; toxicity (selenosis) occurred with both Se sources when fed at 7 to 10 ppm.
Selenite was found to be more detrimental during lactation and Se-yeast more on
reproductive performance. Kim and Mahan (2001b) fed 0.3, 1, 3, 5, 7 and 10 ppm Se
for 12 wks to growing-finishing pigs. Selenosis was produced from diets containing 5 to
7 ppm of both sources, affecting weight gains, feed intake, hair loss and hoof lesions.
Separation of the hoof at the coronary band site occurred at = 10 ppm for selenite but at
= 15 ppm with organic Se (Kim and Mahan, 2001a). In concluding that > 5 ppm dietary
Se, regardless of source, did produce signs of Se toxicity in growing swine, those
authors postulated that the greater tissue retention of organic Se may reduce the
incidence of Se toxicity.

This maximum safe Se level for ruminants of 2 ppm as suggested by NRC (1980)
is controversial. Harr et al. (1967) noted that rats fed commercial diets showed 2 to 3
times greater resistance to Se toxicosis than when fed a semipurified diet.
Unfortunately, this NRC estimate was based on data from monogastric animals and
failed to sufficiently evaluate ruminant Se toxicosis studies from natural diets or to take
into account that monogastric animals absorb much more Se than ruminants from their
diets. This NRC estimate fails to consider that ruminal microorganisms may reduce Se
to selenide or other compounds (Butler and Peterson, 1961; Peterson and Spedding,
1963; Hidiroglou et al., 1968), which are insoluble. Peterson and Spedding (1963)
showed a reduction of orally administered selenite to insoluble or unavailable forms of
Se by rumen microorganisms, illustrated in insoluble fecal Se.
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