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Selenium (Se) is an essential nutrient with multiple human health benefits; the single most important
dietary source of Se is beef. The Se content of beef varies, and cattle fed a high selenium diet may
have Se concentrations in beef that are well above average. Such beef is potentially a unique
supplemental source of dietary Se. To examine factors affecting Se accumulation in beef, 16 steers
(initial wt 374.4 + 33.7 kg) were taken from seleniferous or nonseleniferous areas and fed in a 2 x
2 factorial design with diets high or moderate in Se (11.9 or 0.62 mg Se/kg diet). Diets contained
50% alfalfa, 25% wheat, and 25% corn on a dry matter basis. All dietary Se was from agricultural
products, and Se in the high Se diet was primarily from high Se wheat and alfalfa hay. A loin muscle
biopsy was taken at the start of the trial to determine initial Se content of beef. Steers were slaughtered
after 14 weeks of the trial, and edible carcass (round, sirloin, shoulder clod, and ribeye) and organ
samples were collected. Diets did not affect growth or feed intake (P > 0.05), and Se toxicity signs
were not observed. Different cuts of meat had similar Se concentrations, and the Se content of all
cuts was increased by both high dietary Se and high Se background. Except for liver and kidney, Se
in tissues was increased by seleniferous background (P < 0.02) and high dietary Se (P < 0.001).
Kidney Se concentrations of animals fed the high Se diet were lowest in animals from seleniferous
areas (P = 0.04), suggesting a possible adaptation to the high Se diet. These results demonstrate
that cattle fed diets high in Se from agricultural products will accumulate substantial amounts of Se
in the beef without developing signs of Se toxicity and that prior Se status regulates Se accumulation
in some organs. They further demonstrate that management practices may be altered so as to make
beef a significant source of dietary Se.
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INTRODUCTION and high soil selenium within the same geographical area (5).
Selenium (Se) has been known to be nutritionally essential S€lenium from beef is highly bioavailable when assessed by
for mammals for more than 40 yeaf§(Human Se deficiency its ab!llty to increase liver Se co.ncentratlo.n_s and glutathione
is not considered a problem in North America; however, there Peroxidase activities (GSH-Px) in Se deficient rats, and Se
have been many reports of Se deficiency in domestic animals Picavailability is not affected by retail cut of bee)( In a
(2). Recently, Clark et al. (3) reported a substantial decrease incontrolled human feeding trial, high intakes of Se partially from
the risk of certain cancers by persons who consumed Se inbeef increased measures of Se status and improved neuro-
excess of the dietary reference intake (DRB5 ug Se/d) on  Psychological function (7).
a daily basis for 10 years, thus, prompting an interest among Because of the variation in Se content, beef from seleniferous
many people to increase their Se intakes. areas (areas with high soil Se) may potentially be a means of
We have previously reported that beef, already the single supplying extra dietary Se. Hintze et ah) (reported that the
greatest dietary source of Se for North Americans (4), can Se content of beef from a moderately seleniferous area averaged
provide high intakes of selenium depending on its geographic 0.7 ug Se/g; therefore, a 100 g serving of beef would supply
origin (5). The concentration of Se in beef varies between 70 ug Se/serving, more than the amount of Se that is recom-
geographical areas of the U. S. (6) and between areas of lowmended by the DRI. Cattle grown in very seleniferous areas
could potentially accumulate much more Se, and it is possible
*To whom correspondence should be addressed. Tel.: 701-795-8416.that a 20Qug supplemental amount of Se, the same dosage used
Fa: 701-795-8220. E-mall. jfinley@gfhnre.ars.usda.gov. in the Clark study3), could be obtained from a single moderate
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Table 1. Diet Composition and Se Content of Dietary Ingredients Fed RESULTS
to 16 Steers Obtained from a Seleniferous or Nonseleniferous Area Performance MeasuresDiet and background Se status did
% of high % of low not significantly affect feed intake, average daily gain (ADG),
ingredient Se diet Se diet Se conen or final weight (Table 2). Total Se intake averaged 1H60.2

seleniferous wheat = 5 8102 005" or 0.70:_l: 0.3 g Se for the hlgh and modgratg Se d!etary groups,
nonseleniferous wheat 0 25 0714001 respectively. Monthly veterinary examinations did not detect
seleniferous hay 45 0 14,26 +0.75 any signs of selenosis in any animal.
nonseleniferous hay 0 45 0.64 +0.06 Distribution of Plasma Se. Steers from a seleniferous
(ngrs#gared molasses 22 22 8-3; * 8-8% background fed the high Se diet had plasma Se predominately

associated with GSH-PX &ble 3) and lesser and approximately

equal amounts associated with selenoprotein P (SeP) and
albumin. Conversely, nonseleniferous background steers fed the
moderate Se diet had plasma Se primarily associated with SeP.
SeP represented the majority of the plasma Se in seleniferous

marketing of a specialty crop, and if Se from beef is Shown t0 |,y around steers fed the moderate Se diet and nonseleniferous
have anticarcinogenic properties, publicizing the Se content of background steers fed the moderate-Se diet.

beef .COUld. be used to counteract the increasingly negative  gejeniym Accumulation in Tissues and Organsinitial
nutritional |m§ge of beef. ] o plasma Se concentrations averaged 5% and 122+ 27 ng

The following paper furthers our investigation of how Se ge/mL for animals from seleniferous and nonseleniferous
accumulates in beef and conditions that result in high concentra-packgrounds, respectivelffigure 1). Plasma Se concentrations
tions of Se in beef. Feedstuffs naturally high in Se were fed, in i, animals from the nonseleniferous region fed the moderate
a controlled study, to animals originating from areas of high or gg diet did not change throughout the study; likewise, there
moderate forage Se content. We report the pattern of Seyss very little change in animals from the seleniferous area
accumulation in beef and a possible Se tolerance adaptation ofeq the high Se diet. However, plasma Se in animals from a

2 Percentages of feed ingredients in ration expressed on dry matter basis.
b Values expressed in mg Se/kg + SD.

animals raised in seleniferous areas. nonseleniferous background fed the high Se diet immediately
began to increase, and after 2 months of feeding, plasma Se
EXPERIMENTAL PROCEDURES concentrations were similar to animals from the seleniferous

area fed the high Se diet. Plasma Se from animals from a

374.4+ 33.7 kg) were purchased from two geographic regions. Eight selenltl;_er;)uls bagkt?r(:ltqmd fedd ?{EOd?rgte Se diet tbg%an tot(}iecllne

animals were purchased from a seleniferous area of South Dakota thaﬂmme lately and by the en_ orthe study were not difierent irom

has a history of selenium toxicity and has been found to produce beef @nimals from a nonseleniferous background fed moderate Se

high in Se. The remaining eight animals came from the North Dakota di€ts. The majority of the change in plasma Se occurred during

State University research herd; beef from animals from this area havethe first month of the study.

been found to have Se concentrations very near the national average Initial whole blood GSH-Px activitiesHigure 2) were less

(5). Animals were assigned to individual pens and fed a dieble 1) affected by area of origin and averaged 586 and 314+

based on alfalfa hay and wheat that contained either normal or high 39 EU/mg HB for the seleniferous and nonseleniferous areas,

concentrations of Se. High Se alfalfa averaged 142675 mg Se/kg  respectively. Glutathione peroxidase activities in animals fed

dry forage, and high Se wheat averaged-8.0.06 mg Se/kg. Animals e high Se diet, regardless of background, increased throughout

were allowed access to a Se-free mineral supplement. ) the feeding trial. Glutathione peroxidase activities in animals
Blood and muscle biopsy samples were taken before dietary oy the moderate Se diet moved toward a mean, and by the end

treatments were imposed to ascertain the initial Se status. Animals were -
housed in separate stalls and fed individually with ad libitum access to of the study, the average GSH'.PX activity of both groups fed
the moderate Se diet was identical.

diet and water. Feed consumption was monitored daily, and weekly o h
aliquots of rations were collected for dietary analysis; blood samples  Initial muscle Se concentrationgble 4) averaged 2.1
were taken every 2 weeks by jugular venipuncture. Animals were fed 0.1 and 0.4+ 0.1 mg Se/kg for animals from seleniferous and
diets 105 days before slaughter. Blood, kidney, liver, and muscle nonseleniferous backgrounds, respectively. The final Se con-
samples from the round, ribeye, sirloin, clod, shoulder, and diaphragm centration in all retail cuts of beef was significantly affected by
were collected at the time of slaughter. A veterinarian examined all diet and Se background, and Se concentrations were similar for
animals at monthly intervals to determine pOSSibIe Signs of Se tOXiCity. all cuts. The Se concentrations of all organs except liver were
Selenium AnalysesSelenium was determined by hydride generation sjgnificantly affected by Se background and dietary Se intake.
atomic absorption spectrometry according to a previously described The rank order of Se concentrations in edible beef was
procedure (6). Briefly, samples were digested in nitric acid with seleniferous background/high Se diet (2£®.39ug Se/g)>
magnesium nitrate present as an aide to prevent Se VOIaﬂ”zation'seleniferous background/moderate Se diehonseleniferous

Samples were then ashed in a muffle furnace and resuspended in dilut - . .
hydrochloric acid. Selenium determination was by a Perkin-Elmer 5100 "background/high Se diet nonseleniferous background/moder-

AAS with a continuous flow hydride generator. Quality control was ate Se diet (0.43 0.09ug Se/g). Selenium concentrations in

maintained by running bovine liver standard (NBS standard 1577b). the liver and kidney did not follow this pattern. Kidney and

Glutathione peroxidase was determined by the method of Paglia andliver Se concentrations of nonseleniferous background steers

Valentine (1967) with hydrogen peroxide as the substrate. fed a high Se diet were higher than kidney and liver Se
Plasma Se Fractionation.Selenium distribution among plasma concentrations of seleniferous background steers fed a high Se

proteins was determined by the dual-column method of Deagen et al. diet.

(9), and fractions generated from column elution were analyzed for Se

by a fluorometric procedure. Plasma was pooled across all animals pjscussion

within a treatment. ) ) ] )
Statistical Analyses Data were analyzed as a2 factorial design Numerous studies have investigated the effects of feeding

using the general linear models produced in PC SAS. Tukey's supplemental Se, primarily the inorganic salts sodium selenite

studentized range test was used to separate treatment m&ans ( and selenate, to livestock with the goal of preventing Se

Animals and Diet. Sixteen crossbred, yearling steers (initial weight
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Table 2. Average Daily Gain (ADG), Feed Intake, and Se Intake of 16 Steers Obtained from a Seleniferous or Nonseleniferous Area and Fed Diets

Either High or Adequate in Se

animal origin

dietary Se seleniferous region nonseleniferous region

(mg Selkg) 119 062 119 062 ANOVA
N 4 4 4 4 diet bkgrnd interaction (DXB)
initial wt (kg) 390 + 472 38716 360 +41 355+5 NSP NS NS
final wt (kg) 493 + 59 498 + 22 467 + 38 474+ 31 NS NS NS
ADG* 11+0.23 1.14+0.14 1.14+0.18 0.95+0.45 NS NS NS
feed intake (kg)¢ 950 + 60 1014 +50 915 + 109 959 + 157 NS NS NS
Se intake (g)® 11.8+0.7 0.7+03 114+11 06+0.1 0.0001 NS NS

aValues are means + SD. P Not significant (NS). ¢ ADG (kg/d). ¢ Feed intake is total amount of feed consumed throughout the trial. € Se intake is total Se consumed

throughout the trial.

Table 3. Distribution of Selenium among Plasma Proteins of Cattle
from Regions of Different Se Background and Fed Diets Either High or
Adequate in Se as Determined by the Tandem Column
Chromatography System of Heparin—Sepharose and Reactive Blue
Method of Deagan et al. (1993)?

animal origin

dietary Se seleniferous region nonseleniferous region

(mg Selkg) 11.9 0.62 11.9 0.62
N 4 4 4 4
plasma Se (ng) 491 142 311 108
GSH-Px % 45 32 34 27
albumin % 25 11 26 26
SeP % 24 48 32 40

@ Samples were from the final blood collection and were pooled by treatment.
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Figure 1. Plasma Se concentration of steers from a seleniferous area
fed a high Se diet (M); seleniferous area fed a moderate Se diet (®);
nonseleniferous area fed a high Se diet (A); or a nonseleniferous area

fed a moderate Se diet (®). Values are means (N = 4) + standard error.
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Figure 2. Whole blood glutathione peroxidase activities of steers from a
seleniferous area fed a high Se diet (M); seleniferous area fed a moderate
Se diet (®); a nonseleniferous area fed a high Se diet (a); or a
nonseleniferous area fed a moderate Se diet (). Values are means (N

= 4) + standard error.

steers with a ration containing more than 10 mg Se/kg results
in a substantial accumulation of Se in the muscle, and such a
feeding regimen does not result in any signs of selenosis.
Although animals from seleniferous areas fed a high Se diet
finished the study with the greatest concentration of Se in the
edible beef, Se concentrations in muscle actually declined over
the course of the feeding period. It is possible that the test diet
was lower in Se than the natural diet consumed the previous
year. However, this is doubtful because we have extensively
sampled the high Se region that the steers were obtained from
and have never found Se concentrations in forage as great as
that used in the high Se ration. We infer that there is a maximum
amount of Se that can be put into muscle, and the muscle was
probably near saturation before feeding began. Assuming that
58% of carcass weight is muscle and Se is evenly distributed
throughout carcass muscle, 580 mg of total Se was present in

deficiency (11—13). Relatively few studies have examined Se muscle of animals from a seleniferous background fed the high
accretion in beef of animals fed feedstuff sources of Se such asSe diet before feeding, and 621 mg was present at slaughter,
high Se hay or wheat. We have previously demonstrated thatan increase of 41 mg. Conversely, animals from a nonselenif-
cattle originating from seleniferous areas produce beef with erous background fed the high Se diet contained 110 mg of

higher concentrations of Se than cattle originating from non-

seleniferous area$). Animals used in the previous study were
cull cows from differing geographic regions raised under

muscle Se before the study began and 406 mg at slaughter, a
3.7-fold increase (Table 5).
The transfer of dietary Se to muscle in steers from a

different management conditions and forage availability. In the seleniferous area fed the high Se diet was inefficient. These
present study, cattle were kept under defined conditions andsteers consumed approximately 11 841 mg of Se throughout
fed feedstuffs that varied only in Se concentration. Results of the feeding period, but only 0.34% (41 mg) was retained in
this study clearly demonstrate that short-term feeding of beef muscle. Steers from the seleniferous area fed the moderate Se
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Table 4. Se Concentrations in Organs and Tissues of Cattle from Regions of Different Se Background and Fed Diets Either High or Adequate in Se

animal origin
dietary Se seleniferous region nonseleniferous region
(mg Selkg) 119 062 11.9 062 ANOVA
N 4 4 4 3 diet bkgrnd interaction
biopsy2P 2.48 + 0.662 1.71£0.442 0.51+0.07° 0.35+0.07° NS 0.0001 NS
round 2.10+0.392 1.22 £0.14° 1.45+0.23° 0.43 +0.09° 0.0002 0.0001 NS
clod 2.16 £0.372 1.21+0.11° 1.56 + 0.24° 0.40 £ 0.07¢ 0.0002 0.0001 NS
sirloin 2.05+0.392 1.19+0.05 1.61+0.192p 0.40 £0.05° 0.0003 0.0001 NS
ribeye 2.06 +0.222 1.20 +0.08° 1.50 £0.27° 0.35+0.07° 0.0001 0.0001 NS
diaphragm 1.91+0.012 0.64 £0.08° 1.42 +0.34° 0.31 +0.05¢ 0.0013 0.0001 NS
liver 4,69 +1.042 0.97 £0.14° 5.94 +£2.352 0.89 +0.15° NS 0.0001 NS
kidney 3.58 +0.42° 2.12+0.12° 473+£0.792 2.45 + 0.54b¢ 0.02 0.0001 NS

aMeans are mg Se/kg wet tissue + standard deviation. ® Means with different superscripts within same row are significantly different from each other (P < 0.05).

Table 5. Conversion of Dietary Se to Edible Muscle Se of Cattle from Se intakes by upregulation of Se methylation through increased
Regions of Different Se Background and Fed Diets Either High or SAM biosynthesis.
Adequate in Se If the goal is to produce beef with high concentrations of Se,

would it not be easier to add inorganic Se to feedlot rations

, .ammal el - ; rather than feed high Se feedstuffs? Several factors argue against
dietary Se seleniferous region nonselenferous region this. First, Se is not on the Generally Recognized As Safe list
(mg Sefkg) 119 062 119 062 and therefore cannot, without a veterinarian’s recommendation,
i’:'mial musdle Se (mg) 5833 39‘7"1 1132 726 be added to rations beyond 0.25 mg Se/kg diet. Second, many
final muscle Se (mg) ~ 621.2 3645 406.3 916 people perceive Se as a toxin, but the consumer is interested in
total Se intake (g) 11.8+078  07+003 114+11 07+01 consuming foods that have high amounts of a “healthy nutrient”.
% dietary Se to muscle  0.34 0 26 2.6 If rations were formulated with high concentrations of exog-
enous Se, eventually there would be publicity that feedlots were
* Values are means + standard deviation. adding a toxin to their diet. Such publicity would further the

“negative image” of meat and not enhance it. Finally, more Se
diet had a net loss of total carcass muscle Se. They started thérom organic sources is incorporated into tissue than inorganic
trial with 397 mg and ended at 365 mg. In contrast, steers from sources of Se (12,4, 15).
the nonseleniferous area, regardless of dietary treatment, The chemical form of Se consumed by the animals used in

converted 2.6% of dietary Se to muscle Se ($able 5). this study was not determined, but many assume that the

There was a much greater effect of dietary Se on plasma Segpeciation of Se in forages is similar to that in wheat grain (i.e.,
concentrations than on whole-blood GSH-Px activities. This was selenomethionine; SeMet}§). In actuality, it is unclear what

because plasma Se is related to short-term Se intake, whereag,m of Se predominates in grass. Peterson and Butl) (

whole blood GSH-Px is more related to long-term status. The gqemonstrated that 6680% of Se in pasture grass was associated
effect of dietary Se on plasma Se accumulation was further i, the protein fraction (probably SeMet) and-280% was
examined by separation of Se contained in individual proteins. ; the form of seleno-amino acids. Wu et dl8f demonstrated
Under most conditions, Sep, albumin, and plasma GSH-PXy, . g ragses contain several different Se species including Se-

contain the majority of Se in serum and SeP accounts for . -
. o methylselenocysteine, SeMet, and selenocysteine. Overall, the
approximately 60% of plasma S2q 21). In the present study, edominate form of Se found in the high Se forages used in

; r

SeP concentrations fluctuated greatly among treatments and wa%. . )

the largest pool of Se only in animals fed the moderate Se diet. Is study was mo;t likely SeMet, whph has been dgmonstrated
to be more bioavailable than inorganic Se (19). This accounts

The largest pool of Se in animals fed high Se diets, especially]c he | . ¢ hical £ oriai
those from a seleniferous background, was in plasma GSH-Px.oF the large effect of geographical area of origin on Se content

In contrast, Holstein calves used by Awadeh et al. (22) had ©f Peef; areas where Se in soil is taken up by plants that are
increased SeP and decreased GSH-Px when fed high Se diet§Ubseduently consumed by cattle produce beef high in Se (5).
as selenite, while steers fed adequate Se diets had decreaseluS; the most practical means of producing high Se beef is by
SeP and increased GSH-Px. This difference probably reflectsfeeding feedstuffs naturally high in Se. Because most nutritional
differences in metabolism of Se salts vs organic forms of Se. guidelines suggest reducing the intake of red meat, there is a
A surprising finding was that the greatest concentrations of supstantlal nutritional |mpI|cat|qn to produgtlon of hlgh Se beef
Se in the kidney and liver were not found in animals from the &S in this study. A modest serving of beef is approximately 100
seleniferous area fed the high Se diet but rather from animals9- and thus, a serving of high Se meat from this study would
from the nonseleniferous area fed the high Se diet. This implies Provide 200ug of Se, which is the same amount of Se
that animals from seleniferous areas have developed physiologicconsidered to be protective against colon, lung, and prostate
adaptations that allow them to retain a much lower percentagecancer by Clark et al3). The form of Se certainly has a major
of dietary Se. Selenium is excreted after methylation by €ffecton its efficacy against cancedy; thus, the actual health
S-adenosylmethionine (SAM). Hasegawa et aB)(reported benefits of high Se beef depend on results of specific studies
that mice treated with 20 mg/kg selenocysteine had significantly and characterization of the chemical form of Se found in high
lower liver methionine adenosyltransferase activity and sug- Se beef. Red meat has been implicated as a risk factor for colon
gested that SAM biosynthesis may be a limiting factor for Se cancer (25); it would be of interest to determine if high Se beef
excretion. Perhaps cattle from seleniferous areas adapt to highcould mitigate that risk.



3942 J. Agric. Food Chem., Vol. 50, No. 14, 2002
ACKNOWLEDGMENT

Sincere thanks to Allan Hovland for the generous donation of
alfalfa hay, Dr. Phil Whanger for plasma Se fractionation, and
Mary Rydell for manuscript preparation.

LITERATURE CITED

(1) Schwarz, K.; Foltz, C. M. Selenium as an integral part of factor
3 against dietary necrotic liver degeneratidnAm. Chem. Soc.
1957,79, 3292—3293.

(2) Rosenfeld, I.; Beath, O. ASelenium Geobotany, Biochemistry,
Toxicity, and Nutrition; Academic Press: New York, 1964.

(3) Clark, L. C.; Combs, G. F., Jr.; Turnbull, B. W.; Slate, E. H.;

Chalker, D. K.; Chow, J.; Davis, L. S.; Glover, R. A.; Graham,

G. F.; Gross, E. G.; Krongrad, A.; Lesher, J. L., Jr.; Park, H.

K.; Sanders, B. B., Jr.; Smith, C. L.; Taylor, J. R. Effects of

selenium supplementation for cancer prevention in patients with

carcinoma of the skin. A randomized controlled trial. Nutritional

Prevention of Cancer Study Group. Am. Med. Assocl996,

276, 1957—1963.

Shi, B.; Spallholz, J. Selenium from beef is highly bioavailable

as assessed by liver glutathione peroxidase (EC 1.11.1.9) activity

and tissue seleniunBr. J. Nutr.1994,72, 873—881.

Hintze, K. J.; Lardy, G. P.; Marchello, M. J.; Finley, J. W. Areas

with high concentrations of selenium in the soil and forage

produce beef with enhanced concentrations of selenjusgric.

Food Chem2001,49, 1062—1067.

Finley, J. W.; Matthys, L.; Shuler, T.; Korynta, E. Selenium

content of foods purchased in North Dakohutr. Res.1996,

16, 723—728.

(7) Finley, J. W.; Penland, J. G. Adequacy or deprivation of dietary
selenium in healthy men: clinical and psychological findings.
J. Trace Elem. Exp. Med.998,11, 11-27.

(8) Paglia, D. E.; Valentine, W. N. Studies on the quantitative and
qualitative characterization of erythrocyte glutathione peroxidase.
J. Lab. Clin. Med.1967,70, 158—169.

(9) Deagen, M.; Beilstein, M.; Whanger, P. Chemical forms of
selenium in selenium containing proteins from human plasma.
J. Inorg. Biochem1991,41, 261—268.

(10) SAS User's Guidejersion 6, 4th ed.; SAS Institute: Cary, NC,

1990; Vol. 2.

(4)

®)

(6)

Hintze et al.

in salt for sheepJ. Anim. Sci1978,46, 1515—1521.

(14) Ammerman, C. B.; Chapman, H. L.; Bouwman, G. W.; Fontenot,
J. P.; Bagley, C. P.; Moxon, A. L. Effect of supplemental
selenium for beef cows on the performance and tissue selenium
concentrations of cows and suckling calvésAnim. Sci1980,

51, 1381—-1386.

(15) Ekholm, P.; Varo, P.; Aspila, P.; Koivistoinen, P.; Syrjala-Qvist,
L. Transport of feed selenium to different tissues of buBis.J.
Nutr. 1991, 66, 49-55.

(16) Olson, O. E.; Novacek, E.; Whitehead, E.; Palmer, I. Investiga-
tions on selenium in wheahytochemistrit97Q 9, 1181-1188.

(17) Peterson, P. J.; Butler, G. W. The uptake and assimilation of
selenite by higher plantéwust. J. Biol. Sci1962,15, 126—146.

(18) Wu, L.; Guo, X.; Banuelos, G. S. Accumulation of seleno-amino
acids in legume and grass plant species grown in selenium-laden
soils. Environ. Toxicol. Chem1997,16, 491—497.

(19) Beilstein, M. A.; Whanger, P. D. Deposition of dietary organic
and inorganic selenium in rat erythrocyte protethdNutr.1986,
116, 1701—-1710.

(20) Read, R.; Bellew, T.; Yang, J. G.; Hill, K. E.; Palmer, I. S;
Burk, R. F. Selenium and amino acid composition of seleno-
protein P, the major selenoprotein in rat serdmBiol. Chem.
1990, 265, 17899—17905.

(21) Deagan, J.; Butler, J.; Zachara, B.; Whanger, P. Determination
of the distribution of selenium between glutathione peroxidase,
selenoprotein P and albumin in plasmal. Biochem1993,
208, 176—181.

(22) Awadeh, F. T.; Abdelrahman, M. M.; Kincaid, R. L.; Finley, J.
W. Effect of selenium supplements on the distribution of
selenium among serum proteins in cattle.Dairy Sci.1998,

81, 1089—1094.

(23) Hasegawa, T.; Mihara, K.; Nakamuro, K.; Sayato, Y. Mecha-
nisms of selenium methylation and toxicity in mice treated with
selenocystineArch. Toxicol.1996,71, 31-38.

(24) Ip, C.; Ganther, H. E. Activity of methylated forms of selenium
in cancer preventionCancer Res1990,50, 1206—1211.

(25) Giovannucci, E.; Rimm, E. B.; Stampfer, M. J.; Colditz, G. A.;
Ascherio, A.; Willett, W. C. Intake of fat, meat, and fiber in
relation to risk of colon cancer in me@ancer Res1994,54,
2390—2397.

(11) Henry, P. R.; Echevarria, M. G.; Ammerman, C. B.; Rao, P. V. Received for review September 10, 2001. Revised manuscript received

Estimation of the relative biological availability of inorganic

April 5, 2002. Accepted May 1, 2002. This work was supported by North

selenium sources for ruminants using tissue uptake of selenium. pajota Beef Commission Trust Fund Cooperative Agreement 58-5450-

J. Anim. Sci1988,66, 2306—2312.
(12) Ullrey, D. E.; Brady, P. S.; Whetter, P. A.; Ku, P. K.; Magee,

8-113. Names are necessary to report factually on available data;
however, the USDA neither guarantees nor warrants the standard of

W. T. Selenium supplementation of diets for sheep and beef ¢ product, and the use of the name by the USDA implies no approval

cattle.J. Anim. Sci1977,46, 559—565.
(13) Ullrey, D. E.; Light, M. R.; Brady, P. S.; Whetter, P. A.; Tilton,

of the product to the exclusion of others that may also be suitable.

J. E.; Henneman, H. A.; Magee, W. T. Selenium supplements JF011200C



