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ODIUM selenate is a chemically
table compound, whereas sodium
elenite is chemically unstable. This
superior stability of sodium selenate over
selenite has been previously demonstrat-
ed in animal feed premixes (Eisenberg,
2007).

Although both comnpounds are permit-
ted as animal feed additives in the U.5,
and internationally, the current article
provides additional research supporting
sodium selenate over sodium selenite as
a lower cost option than selenium yeast
as a feed additive.

Background

Selenium is an essential element for most
animal species, including humans, and its
functions include serving as a cofactor in
protein synthesis and metabolism, stimu-
lating the production of antibodies and
aiding in male fertility.

However, selenium is toxic in excess
concentrations, with an LD50 (lethal dose
for 50% of test animals if fed continuous-
ly) of between 5 and 7 parts per million
for most species.

Because many formula feeds are defi-
cient in selenium, the Food & Drug Ad-
ministration allowed selenium additions
to feed beginning in 1974, in recognition
of these and other dietary benefits. This
regulation permitted the addition of a
maximum of 0.1 ppm selenium as sodium
selenite or as sodium selenate to chicken
and pig feeds and at 0.2 ppm to turkey
feeds under strict manufacturing controls
that precluded any toxicity while incorpo-
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Sodium selenate is stable in premixes during storage,
stable in feeds during manufacture and more biologically
available fo most species than sodium selenite.

rating the nutritional benefits.

Over the years, these limits were care-
fully expanded to 6.3 ppm for all species.
In addition, the allowable concentration
of premixes was increased, the require-
ment that premixes be analyzed was
eliminated and additions via salt/mineral
mixes and organo-selenium (e.g., seleno-
methionine) in the form of yeasts were
permitted.

While sodium selenite, sodium selenate
and selenium yeast are all legally permit-
ted feed additives in the U.S,, virtually ali
inorganic selenium is added as the sel-
enite form, as it is about 30% less expen-
sive than selenate. Elemental selenium
and volatile selenium compounds are not
considered bioavailable and are, there-
fore, not used.

Metabolisms of selenite, selenate and
selenium yeast are different, but all are
accepted by FDA as being bicavailable.
However, numerous published research
studies indicate that sodium selenate is
20-30% more bloavailable than sodlum
selenite (Whanger, 2002; Ammerman
et al., 1995; Borshel et al., 1993), which
could indicate that higher costs of sel-
enate are worthwhile considering the nu-
tritional losses that may occur due to the
greater instability of sodium selenite,

Selenate may be more efficiently me-

tabolized than selenite or significant
amounts of setenite may be lost due to its
greafer chermical instability in premixes
and from chemical oxidation during feed
manufacturing. While this difference
may not seem economically significant,
because the sodium selenate is more ex-
pensive than the sodium selenite, it may
be very significant when one considers
the total added selenium is limited to 0.3
ppm and the positive benefit of adding
the maximum permitted amount may be
substantial.

Currently, various companies are sup-
plying selenium yeast containing 50% or
more selenomethionine for feeds at a far
higher cost than the cost of the sodium
selenite or sodium selenate. Formulated
at 0.3 ppm, the cost for sodium selenite
or sodium selenate is aboul 5.0 or 6.5
cents per ton of feed, respectively (as-
suming a current price of $80/kg lor sodi-
um selenite). The cost for selenium yeast
is $1/ton or more.

The organic selenium compounds are
being added to feeds because they ap-
parently provide more biological benefit
than the selenite or the selenate. If a sig-
nificant part of the advantage of organo-
selenium compounds is due to chemical
instability of selenite, then selenate may
be a useful alternative to selenite and pro-
vide a significant economic benefit to the
feed industry.

Storage siability

It is impossible today to speciate sele-
nium compounds in complex feed pre-
mixes. It is, however, possible to speciate

Possible chemical transformations of sodium selenite in premixes.
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selenium in water extracts of such pre-
mixes.

Micro-Tracers Inc. obtained sampies of
10 feed premixes (Attachment A) as well
as a sample of food-grade molasses. Se-
lenium was added at a rate of 1,000 ppm
as sodium selenate, as “unprotected”
sodium selenite (ACS grade) and as “pro-
tected” selenite (proprietary mixture of
sand, sodium selenite and soybean oil}
to three sets of each of the 10 feed pre-
mixes, to molasses and to molasses with
1% added phosphoric acid (typical in
molasses-based liquid feeds).

A total of 108 samples were prepared —
12 samples x 3 selenium sources x 3 sets.

One set of 36 samples was immediately
frozen. The second set was incubated at
45°C for one week and frozen, The third
set was incubated for three weeks at 45°C
and frozen.

Water extracts of the 108 samples were
made and preserved by adding nitric acid
(pH 2.0); refrigerated samples were then
shipped to the U.S. Geological Survey
Laboratory at Columbia, Mo., for speci-

ated selenium analysis (May et al, 2009),
Results are listed in Table 1.

Anresco Laboratory (associated with
Micro-Tracers) analyzed four samples of
the premixes to which "unprotected” so-
dium selenite had been added after water
extraction (Table 2). For these samples,
the residual selenium in the wet premix,
when added to the water-soluble seleni-
um, approximated 100% of the formulated
level. The non-water seluble sodium sel-
enite in these premixes was probably re-
duced to mostly elemental selenium and
not transformed into volatile compounds.

interpretation

In evaluating our analytical findings, it
was assumed that the sum of sodium
selenite plus sodium selenate equated to
recovery of selenium.

The results are best interpreted in three
groups as follows:

¢ Three premixes containing ferrous
sulfate where selenite degraded nearly

totally and immediately in water extracts
of two samples and where it degraded
gradually over time in the third;

e The two molasses mixes, and

e The remaining seven dry premixes
where the sodium selenite and “pro-
tected” selenite both degraded 20%-plus
initially but were then stable over time.

The sodium selenate appeared reason-
ably stable in all 12 premixes, including
molasses and molasses plus phosphoric
acid, at all times tested (at preparation of
the samples and after incubation of one
and three weeks) with an average recov-
ery of 88.9%, with no result lower than
74.1%.

Sodium selenite and "protected” sel-
enite degraded almost totally and imme-
diately in water extracts of two premixes
{4011 and 1202), both containing ferrous
sulfate. The unprotected sodium selenite
degraded more slowly in one premix
(1598) that contained ferric ammonium
citrate (an oxidizing compound) in addi-
tion to ferrous sulfate, whereas the “pro-
tected” selenite in this premix appeared
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stable over time (Table 1).

Recovery from premix 1598 for un-
protecied sodium selenite was 87.2% at
preparation of the samples, 68.4% after
one week incubation and 44.2% after
three weeks of incubation. Recovery of
“protected” sodium selenite was 68.5% at
preparation of the samples, 88.2% after
one week and 85.3% aiter three weeks,
indicating analytical error in the testing
procedure.

The average recoveries of sodium sel-
enite, “protected” selenite and selenate
from the remaining seven dry premixes
are shown in Table 3.

In these premixes, the selenate ap-
peared stable, while both the selenite
and the “protected” selenite lost more
than 20% during sample preparation
and then seemingly achieved stability.

in the molasses and molasses-plus-
phosphoric-acid premixes, significant
percentages of selenite and “protected”
selenite degraded to the selenate form.
The incubated samples apparently lost
a substantial portion of the selenite to
gaseous compouids. The applicable
chemical reactions are explained in the
Figure.

The average total recovery of the
bioavailable selenium (selenite plus
selenate) from the two molasses pre-
mixes after three weeks of incubation
was 51.9% for sodium selenite, 83.5%
for “protected” selenite and 86.9% for
sodium selenate.

Besides oxidation into selenate and
reduction to elemental selenium, sel-
enites can be converted into two volatile
products: selenium dioxide (through
intermediate formation of selenious acid
folowing by its thermo-degradation) and
hydrogen selenide. Reduction of selenites
to hydrogen selenide requires the pres-
ence of very strong reducing agents and,
therefore, loss of selenium to hydrogen
selenide in premixes is less likely than
loss to selenium dioxide,

During manufacturing

In a trial with a simulated corn/soybean
meal-based poultry feed manufactured
at the Oceanic Institute in Hawaii, 1,000
ppm selenium was added to two batches
of feed, one batch as sodium selenite and
a second batch as sodium selenate. Four
samples were taken from each batch at

99, 1548, 1703 and 1815)

2. Results of analysis of four samples of the wet gremixes for
residual selenium, after water extraction

Premix Selenium from extractions (%) Selenium in wet premix (%) Total selenium
(%) e R e L R R s T
66.3 30.1 y 96.5
LIPEE QT i e gy
67.6 26.1 93.7
SR RPE SR TR e
Average 69.0 24.0 93.0

3. Average recoveries (%) of sodium selenite, “protected”
selenite and selenite from the dry premixes (170, 1819, 1910,

~dncuba

Selenite 773
Protecied selenite TP N Y
Selenate 93.1

n time, weeks-—---—-—----
78.1 73.7

B e SRR R Sty (- - LAY
87.6 88.1

*For this data point where four sample results were lost, the one-week incubation results were
substituted for what otherwise would have beer: no data.

4. Relative bisavaiiability (%) of supplemental selenium
sources (Ammerman et al., 1895)

Source Pouliry Swine Cattle Sheep Rat
Sodiam selenite i EH00R  ETRL00 I A0 S 00 T 00
Setfenium seilenate 130 (B)b — 120 (1) LN E)
SSSlenium Yeasti i i e a0 Y U 00 () A (BY
Seienomethionine® B0 (12) 120 (2) - - 105
Setenomethionine? 115 (17) 150 (1) 245 (1) — 202 (2)

response variable.

the response variabie,

aBioavailability as a percentage of what was found for sodium selenite.
bNumber of studies used to generate the average percentage of bioavailability,
cStudies in which glutathione peroxidase activity or incidence of exudative diathesis was the

dStudies in which whole hody or lissue selenium retenticn or incidence of pancreatic fibrosis was

each of three locations, mash, after condi-
tioning and after pelleting.

The recovery of selenite from water
extracts of the mash feed was 90.5%, of
the conditioned feed was 74.5% and of
the pelleted feed was 69.0% based on
analyses of all samples by Micro-Tracers
using the Norris-Fay titration method,
Results from the samples with added sel-
enate were meaningless due to false high
results from the method.

In a trial with a corn/soybean meal-
based poultry mash feed, Micro-Tracers
added i,000 ppm selenium as either so-
dium selenite or as sodium selenite, incu-
bated them for two weeks at 40°C, made
water extracts from them and sent the
extracts and the residual wet premixes to
the University of California-Davis for spe-
ciated selenium analysis by LCHCPMS.

The recovery of selenite from the water
exiract was 76.3% and from the selenate
was 99.6%. The additional recovery of
total selenium from analysis of the wet
premix formulated with sodium selenite
was 20.3% and from the wet premix for-
mulated with sodium selenate 4.3%. The
selenium from the wet premix analyses
was probably elemental selenium.

Sodium selenate appeared stable in the
corn/soybean meal poultry mash feed
whereas sodium selenite degraded by
25.5% in the first trial and by 23.7% in the
second trialk, It appears likely the sodium
selenite degrades when feed is condi-
tioned and pelleted or merely incubated.

During digestion

Dr. PD. Whanger of Oregon State Univer-
sity (2002) reported that cattle rumen
microbes reduce sodium selenite to in-
soluble forms. Whanger further reported
that the uptake and retention by suckling
rat pups was most rapid for selenome-
thionine (70%), followed by selenate
(51%) and least for selenite {29%). He also
reported that the transfer of selenium as
selenomethionine and selenate to vas-
cular effluents was respectively 2.4-fold
and 1.54old greater than the transfer of
selenite-based selenium.

These data suggest that selenomethio-
nine (and therefore, selenium yeast) is
preferable to sodium selenate and that
sodium selenate is preferable {o sodium
selenite as a feed additive.

Bioavailability

The summary data reported in “Bioavail-
ability of Nutrients for Animals,” by Am-
merman et al. (1995; no newer summary
data was found) indicates that sodium
selenate, selenfum yeast and selenome-
thionine are more bicavailable than so-
dium selenite (Table 4).

In that book, the term bioavailability
is defined as "the degree to which an
ingested nutrient in a particular source
is absorbed in a form that can be utilized



g@ Feedstufis, June 18, 2012

in metabolism by the animal. ... For some
nutrients, measurement is extremely dif-
ficult.”

One can reasonably conclude that so-
dium selenate is stable in premixes dur-
ing storage, stable in feeds during manu-
facture and more biologically available
to most species than sodium selenite. It
is probably less bicavailable for some
species than selenium yeast containing
selenomethionine, but it costs far less
and should be seriously considered as a
feed additive.

One may also reasonably conclude

that sodium selenite may be particularly
unstable in premixes containing ferrous
sulfate, vitamin C or other compounds,
and it may also degrade during the pellet-
ing of formula feeds and during digestion
in the rumen of cattle.
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MEMORANDUM

TO: Feedstuffs

FROM: David Eisenberg

RE: Response to Feedstuffs letter to the Editor of Mr, Jon D, Nelson, Executive Vice
President, Southeastern Minerals, published in Feedstuffs 9 July 2012,

I read with great interest Mr. Nelson’s Letter to the Editor as referenced. I am pleased to
respond with comments as follows.

Mr. Nelson states that since the water solubility of sodium selemte is not much greater
than for sodium selenate (85 grams/100 ml as compared with 82 grams/100 ml) there
should not be much difference in their stability in feeds.

He did not consider that “water activity” not solubility in water is what determines if a
feed material will pickup or lose moisture, The water activity for feed grade sodium
selenite averaged 0.68 and for sodium selenate 0.73 (8. Eisenberg, JAOAC March 2007)
again seemingly a small difference. But the difference had major consequences. After 23
days incubated storage petri dishes containing sodium selenite picked up 78.1% and
80.0% moisture becoming wet slurries while sodium selenate picked up 0.85% moisture
and was visually unchanged. Most chemical reactions require water so this difference is
huge.

Further, sodium selenite is an inherently reactwe compound whereas sodium selenate is
inherently stable as outlined in the June 18" Feedstuffs article..

Mr. Nelson also states sodium selenate for feed use has 5% or more contamination by
selenite. This is untrue, Micro-Tracers analyzed a sample of feed grade sodium selenate
supplied by Pacific Rare Metals, The Philippines and it was 99.46% pure with 0.54%
selenite.

Sodium selenate is more expensive by 20-30% per unit selenium than selenite but it is
also more stable and more bioavailable and certainly should be considered as a superior
alternative to sodium selenite.

With best wishes. )
David A. Eisenberg, President, Micro-Tracers,Inc, s ¢
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Opinicn

NYONE paying

attention to the

thousands of {ood
salety-related headlines
generated each year would
think that Americans have
little reason to trust our food
system,

increased media coverage
has led the public to belleve
that foodborne ilinesses are
hecoming more prevaient,
provoking increasing pukiic
distrust in the food industry.
However, the facts challenge
this conventional wisdom;
The numbers of focdborre
llnesses have actuadly
dropped by more than 20% in
the last decade,

Technological
advancements such as pulsed
ficid gel electrophoresis
(PFGE) and new 1.5,
Drepartment of Agriculture
regulations represent {urther
sieps to increase consumer
food safety protection, but
they wili also increase the
number of iood recalls.
Unfortunatety, the media
— andl, consequently, the
public — more often locus
on the reports of the number
of pecple affected by a
foodborse illness, rather
than the actual decreases In
overall jlinesses.

Thls public misperception
is caused in large part by
the substantial increase
in coverage of foodborne
illness outbreaks and food
recalls ir the last decade —
a symptom of the changes in
glehal media, the rise of the
internet and skorter news
cycles,

Media coverage of food
recalls related to illness has
dramatically increased hy
114% in the past five years
and by more thar 250% in
the past 10 years, while
actual laboratory confirmed
lllnesses have dropped 23%
(Figures}. Online discussion
of food recalls has spiked in
social media sites in recent
years. I the last six months
alone, food safety and food
recall-related terms produced
more ihan 81,000 mentions
on Twitter and personal blog
sites.

Also, traditional media
coverage drives thely
commentary around issues
and toplcs. For example,
feodborne outbreaks
related to Escherichtic coli
0157:H7 alone generated
more than 3,500 medla
stories in 2011, a 149%
increase since 2001, Over
the same time peried, the
Centers for Disease Control
& Prevention announced
a 43% decline In £. cofi
0157:H7 ilinesses and that
the numher of persons
affected by the deadly E,
colf Q157:H7 bacteria in
2010 was the lowest since
mandatory reporting for
this pathogen began.

What the media isn't
reporting on, and what

(s}
‘s farmer - undersesielary ot
agtlicutire Tor foad safely at the
U8, Dapartmant af Agriculture.

e

with
RICHARD
RAYMOND*

consumers don’t always
know, is that technological
advancements such as
PFCE, which provides

the bacterial GNA
“fingerprint,” have
provided unprecedented
opportunities to detect,
identify and track foodborne
pathogens and to link what
used to he considered
isolated illnesses fnto
clusters, which aids in
Identifying the source, and
often leads to a recall,

Tmproved identificailon
and tracking of fnodborne
pathogens Is an important
step toward improved
pubilc health, but it aiso
cawses.an Increase in the
number of recalls. This
leads to increases in the
number of focdborne iliness
victims being reported by
the media. Whereas an
individual infectlon wouid
not-have been noted by the
media in the past, current
coverage trends often
exploit outbreaks with
their identifiable victims.
and ptirsuit of the source
product.

Technology continues
to shed light on the
food saiety system,
encouraging policymakers
and regulatory agencies
to take necessary actions
to further prevent and
track foodborane illnesses,
includiag the passage of the
Food Safely Moderanization
Act in 2010, which will
be imptemented over
the coming years. These
initiatives are created by
reguiators to enhance the
protecticn of food salety,
but they will result in an
increase in food recalls.

The catch 22 for the food
industry is that better food
safety systems -— a good
thing for both indsstry and
consumers — may lead to
negative public perception of
the industey,

There are fewer foadborne
ilinesses overall because
we are better at preventing
palhegen confamination of
products and we are better
at detecting pathogens
before food leaves the farm
or factory and makes it
te stores and ultimately
consumers’ plates. I there
is an outbreak, we are
better at identifying it and
removing unsafe lood from
yrocery store and pantry
shelves.

However, this may not be
fully communicated to the
public, which only hears the
negative information.

Given the recent changes
in testing by USDA for
non<15T:H7 shiga-toxin E.
coli strains, and the media
coverage surrounding the
increased testing, this is
a time for the industry
to reflect on current
practices and assess the

system isn’t f:

need for course
correction In thelr
commminication
strategies,
Saying that the
new policy will
canse industey to
“destroy perfectly
safe meat™ fust
won't cut it. Nor
will accusing
proponents of this
pelicy change of
“wrestling in the
mud.”

The current
level of traditionat

-
n
(=]
(=]

Number of media mentions
=
2
o

~ Average media coverage of foadborne illnesses
linked te Listeria, E.coli and campylobacler
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and soctal media
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way they engage
diverse stakeholders on
thelr food safety efforts, and
in the event of a recall, how
they handle the situation
will determine whether they
engender trust and restore
confidence in the company
and food brand that is being
challenged.

Confronting the myihs
aboui the supposedly
faifing systermn with the
facts about the actueal
decrease in fondborne
illnesses represents a real
challenge for the food
industry. However, it is
also an oppoertunity for the
Industry to restore consumer
confidence.

Food companies can

do this by adopting a
360-degree approach to
jood safety cominunications
that proactively butlds
confidence, responds

1o ctises and restores

trust following a crisis
event. These discussions
with consumers and key
siakeholders will help them
Lo see how the food they leed
their families |s the safest it
has ever been.

This is also an important
reminder to the {oed
industry to maintain and
increase its vigilance and
proactive efforts regarding
the management and
commuaications around

food recails. Food recalls
are important elements

in an effective food safety
sysiem. The better locd
companies are prepared
for such events, the beiter
they car be managed, and
the faster the conipany
can recovey and return to
business as usual.

My next article will reflect
upan whai § see as some [ail-
ings by industry and its pro-
fessional assoclations in the
management of positive com-
munications as opposed to
{eeding the frenzy to attack
the beef Industry with quotes
that can only harm them in
tiie long run, B

Selenium review questioned

Dear Editor:

i read with laterest the re-
cent article in the June 18
issue of Feedstuffs entitled,
“S1ability of selenium sources
reviewed” by David Eisenberg
of Micro-tracers Tnc. along
with two of his stafl and Dr.
Thomas May of the US, Geo-
logleal Burvey.

I'wanted te bring to the at-
tention of your readers the
fact that, although the artlcle
makes a case for the use of so-
dium sefenate over selenite,
the realities of a cost/benefit
ratio and real world analysis
of what is invelved do not
lend support to the use of so-
dium selenate.

Firstly, it is Interesting to
nete that, in the laboratory,
ergo, in all probabillty in
physical feed and premix pro-
duction, the solubillty of sodi-
um sclenite and selenate are
almost identical, with selenite
gelting a slight nod.

» Sodlum selerate solubility
=82 g per 100 g/mL water.

+ Sodium selealte solubility
= 85 ¢ per 100 g/mL waler.

It is extremely doubtful that
this 3.65% solubillty differen-
tial would create a difference
in the stability of the two
compounds in physical feed
Or premixes on a consistent
basts.

Secondly, from an econemic
standpoint, sodium selenate
has been In §imited use ptl-
marily because of cost. The
chemistry requires that so-
dium selenite is an interme-
diate In the production of
sodium  selenate. The con-
version to selenate requires
an additional oxidative step,
which adds significant cost
ko the selenate end-preduct.
Additionally, it is also very
difficult and costly to create a
selenate product that is E00%
selenate. Usually, the product
created and thus designated
is, at best, a blend of 95% sel-
enate and 5% selenite. A [00%
selenate product can be cre-
ated, but oniy with consider-
abie expense. Essentially, this
opens up a nightmare for the
Assoclation of American Feed
Controi Officials and would

require a redefinition of so-
dium sefenate based on jts
selenate:selenite content, If
this were not done, any sodi-
um selenate manufacturer or
a premixer who fudges on the
chemistry would have a dis-
linct economic and marketing
advantage over a more honest
corpany.

Ie summmary, | strongly urge
the reader to check into the
facts involyed in making a
change in selenium source
as suggested in this article. If
they are willing to bear the ad-
ditional cost and demand that
the selenate:selenite ratio
be guaraoteed in writing for
a modest “theozetical” gakn
in storage stabillty, it is their
decision and the industry will
react accordingly.

Respecttully submitted by

Jon I Nelson

Executive vice president,
Nuiriion & Quality Assur-
ance

Southeastern
Ioc, &

Minerals




