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Abstract

I norganic selenium (seleniteand sel enate)
and sdeniumyeast (Se-yeast) aretheonly approved
sourcesof supplemental selenium (Se) intheU.S.
The predominant form of Sein Se-yeast issaleno-
methionine (Se-met). Themechanismof intestinal
absorptioniscompletely different for inorganicand
Se-met; therefore, factorsthat reduce absorption
of inorganic Seareunlikely toinfluence absorption
of Se-met. The metabolism of inorganic Seand
Se-met withinacell also differs. Inorganic Seis
used dmost exclusively inthe synthesisof seleno-
specfic enzymes, whereas, Se-met canbeusedin
the synthesis of those enzymes, but it can also be
incorporated into any protein that contains
methionine. Clinicd datacomparing health effects
of inorganic Seand Se-yeast arelacking, but cattle
fed Se-yeast have higher concentrations of Sein
wholeblood (average = 20% more) and milk (90%)
and activity of glutathione peroxidase (16%) than
cattlefedinorganic Se. Feeding Se-yeast during late
gedtation dso grestly increasesthe Se concentration
intissuesof thenewborn calf. Based onavailable
data, thebioactivity of Sefrom Se-yeastisprobably
about 20% higher than inorganic Se, but that
difference could be greater when absorption of
inorganic Seisreduced because of antagonists.

I ntroduction

Almost 50 yearsago, Sewas shownto be
an essentia nutrient for mammals (Schwarz and

Folz, 1957) and that a Se deficiency led to white
muscle diseasein ruminants (Muth et al., 1958).
Over time, researchidentified several beneficial
effectswhen Seintake by domestic animalswas
increased; however, it wasnot until 1979 that the
U.S. government permitted supplemental Seto be
added to diets of domestic animals. Both the
concentration (0.1 ppm at that time) and the source
(sodium selenite or selenate) of supplemental Se
wereregulated. Theregulation wasamendedin
1987 and allowed 0.3 ppm of supplementa Seto
be added to ruminant diets, but theallowed sources
(sodium selenite and selenate) did not change. In
September, 2003 (FDA, 2003), theregulation was
amended again to allow the use of selenium yeast
(Se-yeast) indietsfor dairy and beef animalsbased
on data from cattle fed Selplex (Alltech, Inc,
Nicholasville, KY). The maximum allowed
supplementation ratewas maintained at 0.3 ppm of
Se. Theapprova of Se-yeast for dairy cattlegresatly
expanded the Se supplementation optionsavailable
to nutritionists, but it also made Se supplementation
amore complicated matter.

Selenium Yeast - What isit?

Thedefinition of Se-Yeast accordingto
FDA (2003) is “a dried, nonviable yeast
(Saccharomycescerevisae) cultivatedinfed-batch
fermentation which provided incrementa amounts
of canemolassesand selenium salts... and allows
for optimal incorporation of inorganic seleniuminto
cellular organic matter. Resdud inorganic selenium
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... must not exceed 2% of thetotal salenium content
in the final selenium yeast product.” During
fermentation, theyeast consume Seand incorporate
it into various organic compounds. The most
prevalent Se endproduct isseleno-methionine (Se-
met). Although differences are likely among
commercial sources of Se-yeast, on average,
approximately 90% of the Seis Se-met (Schrauzer,
2003). Seleno-cysteine (Se-cys) is produced in
much lesser amounts. Those two seleno-amino
acids are identical to the regular amino acids,
methionine (met) and cysteine, except that Se
replacesthesulfur atom (Figure 1). Thepredominant
chemical form of Sein Se-yeast makesorganic Se
different fromall other organictracemineras. All
other organic trace minerals are complexes or
chelates. Themetal is‘ associated’ withan organic
compound, but it is not part of the compound’s
molecular structure. The Sein Se-met and Se-cys
ispart of themolecule; the Se cannot beremoved
without breaking covalent bonds.

Numerous other Se-compounds are
produced by yeast, but identifying and quantifying
al thedifferent Secompoundsfoundin Se-yeastis
extremely difficult and requiresvery sophisticated
techniques and instruments.  Although the
concentrations of these other Se compoundswill
be quitelow, they may beimportant biologically.
Some of these*minor’ selenium compounds have
been shown to have potent anti-carcinogenic
propertiesinlaboratory animals, and clinical data
areaccumulating showing Smilar effectsinhumans,
especially with respect to prostate cancer (Combs
etd.,2001). Essentidly, nothingisknownregarding
biological activity of theseminor Secompoundsin
cattle. Therefore, therest of thispaper will consider
only the Se provided by Se-met and Se-cys.

Selenium Absor ption
Themost prevaent formsof Seconsumed

by dairy cowsintheU.S. are selenate and selenite
(frominorganic Se supplements), and Se-met and

Se-cys (from Se-yeast and basal feedstuffs).
Rumina metabolism and intestinal absorption of
these Se compounds differ. Most of the selenate
(Se0,) consumed by acow isreduced to selenite
(Se0,) intherumen, but someof theselenateleaves
therumen and isabsorbed as selenatein the small
intestine. Based on studies with rats, intestinal
absorption of selenateis probably viaan active
(energy-requiring) trangport system. Absorption of
selenaeby ligated intestinal |oopsof ratswas about
80% (Vendeland et a., 1992). In the rumen,
senite(ather that consumedinthediet or produced
from selenate) can be converted tolow molecular
weight insoluble forms of selenium. These
compoundshavenot been chemicaly identified but
most likely are not well-absorbed or utilized by the
host. Some of the seleniteisused to synthesize
seleno-amino acids(predominantly Se-cys) that are
incorporatedintomicrobid protein. Theremaining
selenite leaves the rumen and reaches the small
intestinewhereitisabsorbed probably viaapassve
mechanism. Intestinal absorption of selenitewas
about 35% using ligated rat intestines (Vendel and,
eta., 1992). Becauseitissodifficult to quantify
the various Se compounds, reliable data on
distribution of Seinruminal contentsarelimited.
Reasonable estimateswhen seleniteisfed are30to
40% isconverted toinsolubleforms, 10to 15%is
foundinmicrobial protein and 40to 60% remains
assdenite(Searraetdl., 1994). | could not find any
information regarding rumind metabolismof Sefrom
Se-yeast. Aninvitro experiment found that about
60% of Se-met (not Se-yeast) was incorporated
directly into bacterid protein as Se-met (Paulson et
da., 1968). Although dataarelimited, amuch higher
percentage of Seleavingtherumenisintheform of
seleno-amino acids (predominantly Se-met) when
cows are fed Se-yeast than when fed selenite or
selenate. Seleno-methionineisabsorbed fromthe
intestine by the same mechanism asmethionineand
isquiteefficient (>80%). However, because Se-
met and met use the same intestinal absorption
system, increasing theintestinal flow of met will
decrease absorption of Se-met because of
competition.
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Trueabsorption of Sefromdietscontaining
supplemental inorganic Se, calculated from Se
balance studies, averagesabout 50% indairy cows,
goats, and sheep (Harrison and Conrad, 1984;
Aspila, 1988; Koenig et al., 1997; lvancic and
Weiss, 1999). Trueabsorptionwill belower if the
diet contains appreci able quantities of antagonists
to Se absorption (discussed below). Dataonthe
truedigestibility of Sefrom Se-met or Se-yeast are
very limited and variable. Truedigestibility of Se
from Se-met (measuredin goats) was65% (Aspila,
1988), and the calculated true digestibility of Se
from Se-yeast (measured in sheep) averaged about
44% (Koenig, et d., 1997). Becauseof themethod
used to produce the Se-yeast in the sheep study,
the proportion of Se that was inorganic was
probably greater than that found in the currently
available Se-yeast products. Eventhough dataare
very limited, based on known absorption
mechanisms, Sefrom Se-yeastisprobably absorbed
with greater efficiency than Se from selenite.
Assuming Se-met from Se-yeast hasan escapevdue
of 60% (based oninvitro studieswith Se-met) and
that 90% of the Se in Se-yeast is Se-met,
approximately 55% of the Sefrom Se-yeast that
leavestherumenisintheform of Se-met. Assuming
the digestibility of the Se from Se-met is 80%
(averagedigedtibility of ruminal microbid protein)
and thedigestibility of the 45% of total Sethatis
not Se-met isthe same asfor selenite (50%), the
truedigedtibility of Sefrom Se-yeast would beabout
66%. This is about 30% higher than the true
digestibility of Sefrom selenite.

Selenium Metabolism

Thereason Seisan essential nutrient for
animdsisbecause certain enzymes(sd enoenzymes)
must contain aSe-cysresidueinther active sites.
Themod familiar selenoenzymewithrespect todairy
cattlenutritionisglutathione peroxidase (GSH-px),
which is an important component in cellular
antioxidant sysems. Cellshavedevelopedasmple,
but elegant, method of ensuring that Se-cysis
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insertedinto the proper locationinenzymes(Figure
2). Selenitethat isabsorbed goesto cellswhereit
isreduced to selenide and thenthe selenideisused
to synthesize Se-met from aserinemoleculethat is
linked to a specific tRNA (UGA codon). The
synthesized Se-cystRNA ., complexisthen put
intheright placeduring proteinsynthess. If Se-cys
from the diet is absorbed, it cannot be inserted
directly into the active site of the enzymeduring
protein synthesis because it does not have the
correct tRNA. Dietary Se-cysmust be catabolized
and then the Se can bereduced to selenideand a
Se-cystRNA ., can be synthesized. Absorbed
dietary Se-met canbeusedinplaceof metinprotein
synthesis. Cells do not appear to be able to
differentiate between regular met and Se-met.
Therefore, Se-met canbefoundinall proteinsin
thebody in direct proportion to theamount of met
found in the protein and therel ative pool sizes of
regular met and Se-met. The Se-met can also be
catabolized and its Se be converted to selenideand
then put into Se-cystRNA ... Thebottomline
difference betweeninorganic (senite) and organic
Se (Se-met) is that inorganic Seis used almost
exclusively to produce selenoenzymes, but organic
Se can beused to produce selenoenzymesand al'so
resultingenerd labeling of dl proteinsthat contain
met. This difference has implications when
interpreting Se concentration data.

Se-yeast versus Selenite: The Data

When comparing sources of nutrients, the
most important questionis, “Which sourcewill result
inthegresatest net return?’ To answer thisquestion,
you need to know the cost of the supplement (per
unit of nutrient) andthevalueof theresponse.  For
Se, theresponseisusudly hedth-related. Numerous
studies have shown that supplementa Se(usudly
frominorganic sources) improveimmunefunction
and mammary gland health and reduce the
prevalence of retained fetal membranes (\Weiss,
2003; Weiss and Spears, 2005). Therefore, the
best method to compare Sesourcesiswithclinica
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trid sthat measure prevaenceand severity of certain
diseases when cows are fed different sources of
Se. | couldfindonly onestudy (Mabeetd., 1995)
inwhich sdeniteand Se-yeast werefed and clinical
measures were taken, and because of the
experimenta design, theeffectsof Sesourcecould
not be statistically compared. Cowswerefed diets
with 0.2 ppm Sefrom seleniteor Se-yeast and milk
somatic cell count (SCC) and prevdenceof infected
quarterswere measured. Following 8 weeks of
supplementation, infected quarters decreased 60%
for cows fed selenite and 43% in cows fed Se-
yeast compared with day O values. The SCC
decreased 37% and 30%, and NAGase activity in
milk (ameasureof inflammeation) decreased 21 and
45%, respectively, for cowsfed selenite and Se-
yeast. All measuresof mammary gland healthwere
improved in Se supplemented cows, whereasno
changesoccurredin cowsnot fed supplementd Se.
Based on these data, source of Sedid not appear
tohavealargeeffect.

Theeffectsof Sesource(inorganicvs. Se-
yeast) on concentrations of Sein blood and milk
and activity of GSH-px have been compared in
numerous experiments(Table 1; Figures 3, 4, and
5). Themedianincreaseinwholeblood Sewhen
Se-yeast was fed was 20% (Figure 3). Whole
blood GSH-px activity wasnumericdly higherindl
studieswhen Se-yeast wasfed, but only two studies
reported statisticaly higher values(Figure4). The
medianincreasein activity was16%. Therelative
response in GSH-px activity when Se-yeast is
compared with selenite might beafunction of Se
intake. Thetwo studieswiththegreatest difference
between Se-yeast and selenitein GSH-px activity
fed thelowest concentration of supplemental Se
(approximately 0.1 ppm Se). Knowleset d. (1999)
reported no differencein GSH-px activity between
cows fed selenite and Se-yeast when cows
consumed 4 mg/day of supplemental Se
(approximately 0.2 ppm), but when cowswerefed
2mg/day of Se(approximately 0.1 ppm), GSH-px
activity was about 50% higher when Se-yeast
provided the supplementa Se(Figure4).

Themedianincreasein milk Sewas 90%
when Se-yeast wasfed (Figure5). Thevast mgority
of the Seinmilk when Se-yeastisfedisintheform
of Se-met. Milk Seconcentrationsincreaselinearly
asintake of Sefrom Se-yeast or from feeds that
arehighin Seincrease, but milk Sedoesnot change
greatly asintake of seleniteincreases (Figure6).
Onefactor considered by FDA during the Se-yeast
approval processwas the concentration of Sein
milk and meat. Based on human health concerns,
FDA set the maximum allowable concentration of
Seinmilk at 0.14 mg/L. Based ontheequationin
Figure6, anintake of approximately 25 mg/day of
Sefrom Se-yeast and basdl ingredientswill produce
milk that exceedsthelegd limitin Seconcentrations
(approximately 3.5timesthelegal dietary limit for
lactating cows).

Sdeniumistransferred to thefetusin utero.
The concentration of Se in plasma of newborn
Holstein calveswas 42% higher when cowswere
fed Se-yeast during the last 60 days of gestation
compared with cows fed selenite (Weiss,
unpublished). In studieswith beef cows, whole
blood from newborn (or very young ) calveswas
35% (Pehrson et al., 1999) and 42% (Gunter et
al., 2003) higher in Se concentration, and activity
of GSH-px activity inthe calveswas 32 and 75%
higher, respectively, when damswerefed Se-yeast.
Awadeh et d. (1998) reported only an 18%increase
in whole blood Se and no effect on GSH-px in
newborn beef calveswhen damswerefed Se-yeast.

Based on blood concentrationsand GSH-
pX, Se-yeast isabout 1.2 times' better’ than selenite,
and based on milk concentrations, itis1.9times
better. The relative response in milk Se
concentration ismuch higher than theresponsein
blood because milk protein hasabout twiceasmuch
methionineasdo proteinsinwholeblood; therefore,
itistwiceaslikey that Se-met will beincorporated
into milk protein than blood protein. Milk protein
Issynthesized congtantly and removed from thecow
two or three times a day. Therefore, Se-met
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concentrationsin milk reach steady statewithina
few daysafter Se-yeast supplementation hasbegun.
Oncearedblood cdll ismade, it doesnot synthesize
protein and red cells live 100 to 130 days.
Therefore, it would take 3 or 4 months of
supplementation for wholeblood concentrationsto
reach steady-state. Many of the experimentsthat
measured wholeblood Sedid not last that long, so
the measured difference probably was less than
maximal differences. Lastly, asubstantial portion
of the Seinwholebloodisin selenocenzymes, which
based on GSH-px islessresponsiveto source of
supplemental Sethan other proteins. Thiswould
dilutetheresponseinwholeblood Seconcentrations
when Se-yeastisfed. Goodclinica dataareneeded
to determinethetruedifferencein bioactivity of Se
fromseleniteand Se-yeast. Inlieuof those data,
the best estimate of relative difference between
seleniteand Se-yeast available currently is GSH-
px activity becauseit reflectsbiological activity of
Se, not availability of met. Based onthosedata,
Sefrom Se-yeast, on average, isabout 1.2 times
more bioactivethan Sefrom selenite.

Factorsto Consider When Choosinga Se
Source

Antagonists to Se absorption

Seleniteand Se-met are absorbed from the
intestine by completely different mechanisms.
Factorsthat antagonize absorption of seleniteare
not likely to have the same effect on absorption of
Se-met. Diets with 0.2% added sulfate-sulfur
reduced true absorption of Sefrom sdenateby 20%
(lvancicand Weiss, 1999). When sulfateispresent,
Se from Se-yeast would be about 50% more
avallablethan Sefrominorganic sources(compared
with 30% when sulfateisnot excessve). Sulfateis
unlikely to have an effect on Se-met absorption.
Although thisis not alikely problem, diets that
provide high concentrations of digestible met will
reduceavailability of Sefrom Se-yeast because of
competitionfor absorption sitesintheintestine.

65

Body retention of Se

Cows fed Se-yeast have higher
concentrationsof Seinamost al tissuesthan do
cowsfed selenite. Much of thisSeisin proteinsas
Se-met. Asproteinsinthebody areturned over,
Se-met isreleased and if broken down can provide
Sefor selenoenzyme synthesis. Cowsfed selenite
have amuch lower body reserve of Sethan cows
fed Se-yeast. Thiscould bebeneficid in periodsof
high Se demand and in unexpected periodsof low
Se supply. Increased body reserves may be
especialy beneficial for newborn calves. Calves
borne from cows fed Se-yeast have higher
concentrationsof Seintissuesand often much higher
GSH-px activity thanwhen cowsarefed inorganic
Se. Inaddition, colostrum from cowsfed Se-yeast
contains more Se than colostrum from cowsfed
senite, thereby increasing thedifferencein Sedatus
of thecalves. Feeding cowssome Se-yeast during
thelast 60 days of gestation may have beneficid
effectson calf health by improving the Se status of
thecalf.

Costs of supplement

Diets with 0.3 ppm of supplemental Se
provided by Se-yeast will cost about 5 cents/day
per lactating cow morethanwill dietswith selenite
and 2 or 3 cents/day more for dry cows
(approximately $17 annudly for each cow, assuming
a305 day lactation). If supplementation ratewas
reduced 20% to account for higher bioactivity of
Se-yeast, theannua cost isabout $14. Thecost of
aningredient should not bethe primary concern;
return oninvestment iswhat matters. Unfortunately
dataarenot availableto determinewhether return
oninvestment (viaimproved hedth) differsbetween
inorganic Seand Se-yeast.

Recommendationsand Conclusions

Thebenefitsand disadvantagesof eechtype
of Sesupplement aresummarizedin Table2. The
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Se-yeast hasnumerous advantagesover selenite,
but the question remains, “Isit more profitableto
useSe-yeast?’ Ingtuationswhereantagonistsare
not aconcern, inorganic Seis probably the most
cost-effective option for lactating cows. |If
antagonistsare present, someor dl of the Seshould
be provided by Se-yeast. To ensure adequate Se
status of calves, providing a portion of the
supplemental Seas Se-yeast indry cow dietsisa
good idea. Current regulations permit using a
combination of Se sources as long as the total
supplemental Se doesnot exceed 0.3 ppminthe
total diet. Usually using acombination of nutrient
sourcesisbetter than relying onasingleingredient.
Somedatawith other trace mineralsshow benefits
whenacombination of inorganic and organic Sources
are used compared with either all organic or al
inorganic. Thesamemay betruefor Se. Inmy
opinion, if antagonistsare not present in feed or
water, lactating cows should be supplemented with
Sethat ispredominantly frominorganic sources. If
antagoni stsare present, the predominant Sesource
should be Se-yeast. Because of potential benefits
to the newborn calf, a larger proportion of Se
(maybe 50%) in dry cowsdiets should comefrom
Se-yeadt, even when antagonistsare not present.
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Table 1. Sourcesof datausedin Figures3, 4, and 5.

Experiment Codeon Figure

Figure3 Figure4 Figure5 Animd Type Citation

A A A Beef cows Awadeh et al. (1998)
B B Dairy cows Fisher eta. (1995)
C C C Dairy cows Knowleset al. (1999) (2mg)
D D D Dairy cows Knowleset al. (1999) (4 mg)
E E E Dairy cows Malbeetd. (1995)
F Beef heiferststeers Nicholsoneta. (1991)
G . Dairy heifers Nicholsonet a. (1991)

H Combined Nicholsoneta. (1991)
I I . Growing beef Nicholsonet a. (1993)
J J J Dairy cows Ortman and Pehrson (1997)
K K K Dairy cows Ortman and Pehrson (1999)
L L e Dairy heifers Ortman et a. (1999)
M M M Beef cows Pehrsonet al. (1999)
N N N Beef cows Gunter et d. (2003)

@] . Dary hefers Pehrson et d. (1989)

P Dairy cows WEeiss (unpublished)

Table2. Benefitsand disadvantages of inorganic and Se-yeadt.

Bendfits Disadvanteges
Inorganicsdenium
Cheap Absorption can be affected by antagonists
Providesadequate Sein many situations Provideslimited body reservesof Se
Se-yeast
Probably 20 to 30% more available Moreexpensive

Buildsup body reservesof Se

Increases milk Se (human health benefit)
Increases colostrum Se (calf health benefit)
Increased transfer of Seto fetus

Not affected greatly by absorption antagonists

May 2 and 3, 2005 <7 Tri-State Dairy Nutrition Conference
[

by



69

o o
OH J.I\/\/S
.{h e
HZNllu HD E
SH NH,
Cysteine Methionine
O
z\:ﬂ'“ HO™ ™ ~
H2Nllu B
SeH NH,
Se-cysteine Se-methionine

Figurel. Chemicad structuresof theamino acids, methionineand cysteine, and the comparable seleno-amino
acids.
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Figure2. Smplified pathwaysof salenium metabolism.
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Relative Concentration, %

Experiment

Figure 3. Rdativeincreasein concentration of Seinwholeblood when cattlewerefed Se-yeast compared
withsdenite. Relativeincrease cd culated as(Se-yeast minus selenite)/salenitex100. A valueof 0 meansthat
concentrationswere equal when Se-yeast or selenitewasfed. The hashed bar isthemedianresponse. NA =
datanot statistically compared; * =P<0.05.
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Experiment

Figured. Reativeincreaseinactivity of glutathionine peroxidase activity in wholeblood when cattlewere
Se-yeast compared with selenite. Relativeincrease cal cul ated as (Se-yeast minus selenite)/selenitex100. A
value of 0 meansthat activitieswere equal when Se-yeast or selenitewasfed. Thehashed bar isthemedian
response. NA = datanot statistically compared; * = P<0.05.
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Figureb. Relativeincreasein concentration of Sein milk when cattlewerefed Se-yeast compared with
selenite. Relativeincrease calculated as (Se-yeast minus selenite)/selenite x100. A value of 0 meansthat
concentrationswere equal when Se-yeast or selenitewasfed. The hashed bar isthe median response. NA =
datanot statistically compared; * =P<0.05.

e Hi SeFeed o Se-Yeast 2 Selenate

0.00 . | | .

Seintake, mg/d

Figure6. Concentration of Sein milk whenfed: A) abasal ingredientswith low concentrations of Seplus
supplemental selenite (T), B) adiet with basal ingredientsthat contained high concentrations of Seand no
supplementa Se(C), or C) adiet with basd ingredientsthat contained high concentrationsof Seplussupplementa
SefromSe-yeast (0 ). TreatmentsB and Cfitthesamelinewith adopeof 0.0052. Treatment A had adope
of 0.0007.
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