PRODUGCAO ANIMAL

RELATIVETRACE MINERAL BIOAVAILABILITY

RicHARD D. MiLEs AND PeTER R. HENRY

Department of Animal Sciences, University of Florida, Gainesville 32611-0920

RESUMO

BIODISPONIBILIDADE RELATIVA DOSMINERAISTRACO

Para determinar a eficiéncia de utilizacdo de ele-
mentos minerais dietéticos, deve-se conhecer a
bi odisponibilidade rel ativade cadaelemento de um determi-
nado ingrediente ou de uma racdo completa. Andlises qui-
micas da dieta ou de um determinado ingrediente ndo indi-
cam aefetividade biol 6gicade um nutriente. Existem muitos
fatores que influenciam a biodisponibilidade dos minerais,
especia mente dos minerais-trago, tais como: nivel de con-
sumo do mineral, forma quimica, digestibilidade da dieta,
tamanho da particula, interagcBes com outros minerais e nu-
trientes, agentes quelantes, inibidores, estado fisiolégico
do animal, qualidade dadgua, condic¢des de processamento
ao qual ingredientesindividuais ou umadieta completafo-
ram expostos e, é 6bvio, aidade e aespécieanimal. Quando
um mineral-traco € ingerido, sua biodisponibilidade éinflu-
enciadapor propriedades especificasdo minera damaneira
como esta incluido na dieta. Por exemplo, suavaléncia e
formamolecular (organicaversusinorganica) sdo importan-
tes. Por causa dessas propriedades especificas, o mineral
pode formar complexos com outros componentes no intesti-
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In order to determine how efficiently an animal utili-
zes dietary minera elements, one must know the relative
bioavailability of that element from afeed ingredient or com-
pletediet. Chemical analysisof thediet or anindividual feed
ingredient(s) does not indicate the biological effectiveness
of a nutrient. There are many factors that influence the
bioavailability of minerals, especially thetrace elements. A
few include level of minera intake, chemical form, overall
diet digedtibility, particlesize, interactionswith other mineras
and nutrients, chelators, inhibitors, physiological state of
the animal, water quality, processing conditions to which

SUMMARY

no, o que podedificultar ou facilitar aabsorcéo pelamucosa,
o transporte ou 0 metabolismo do mineral no organismo. E
bem conhecido que certos minerais em suaformainorgéanica
competem com outros minerais por sitios de ligagdo e por
absorcdo no intestino. O conhecimento sobre a
biodisponibilidade dos minerais-traco nos ingredientes e
fontes suplementares € importante para a formulagéo eco-
ndémica de umaragdo paragarantir 6timo desempenho ani-
mal. A biodisponibilidade deve ser entendida como um va-
lor “estimado” querefleteaabsorcdo eautilizacdo do mine-
ral sobre condi¢des de um experimento especifico e ndo de
uma propriedadeinerente e especificade um ingrediente ou
suplemento deracdo. Com atecnologiadisponivel, adeter-
minagao da biodisponibilidade dentro de umadefinicéo es-
trita € impossibilitada para alguns elementos, pois alguns
gjustes devem ser feitos. Em outras palavras, ndo existe um
valor percentua de biodisponibilidade que reflita todas as
condicdes aque essaracao ou el emento mineral estdo sujei-
tos.

the individual ingredients or complete diet have been
exposed and, of course, the age and species of the animal.
When a trace mineral is ingested its bioavailability is
influenced by the specific propertiesof themineral asitisin
thediet. For example, the valence state of theminera and its
molecular form (inorganic versus organic) are important.
Because of these specific properties the mineral may be
inclined to form complexes with other components in the
gut which may either hinder or facilitate the mucosal
absorption, transport or metabolism of the mineral in the
body. Itiswell known that certain mineralsin theinorganic



74 MILES, R. D. and HENRY, P. R. — Relative trace mineral bioavailability

form will compete with other minerals for the necessary
binding and absorption sites in the gut.

Knowledge of the bioavailability of tracemineralsin
feedstuffs and supplemental sources is important for
economic feed formulation to support optimal animal
performance. Bioavailability should be thought of as an
“estimated” value which reflects absorption and utilization
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INTRODUCTION

Naturd feedstuffssuch ascorn, wheet, soybean
mesdl, etc. contain essential traceelementswhichare
required by animals. However, thesetraceelements
areofteninaform which rendersthem unavailableto
theanimal. Also, evenif theeementsweretotally
avalable, inmany cases, they would not bein adequate
concentrationsto meet theanimal’srequirement.

Therefore, when deficienciesof oneor more
of thetracemineral elementsexistinadiet, they are
usually provided to the animal in an inorganic or
organic supplemental form. It isadvantageousfor
nutritioniststo know the bioavailability of any dement
inthe natural feed ingredient or mineral sourceused
as adietary supplement. With this knowledge the
proper amount of thetrace element can be supplied
totheanimal.

At thepresent time, moreinformationexistson
the utilization of minerals commonly used as
supplements than on those in practical dietary
ingredients. Theterm* bioavailability” hasbeen defined
asthedegreetowhich aningested nutrient in aparti-
cular sourceisabsorbed inaformthat thenutrient is
“available” at thetissuelevel rather thanjust at the
dietary level . Other termswhich have been used to
expressthisdegreeof utilizationinclude*biological
availability”, “bioactivity”, “biopotency” and
“bioefficacy” (Ammermanet d., 1995).

Bioavailability should not be considered asan
inherent property or characterigtic of themateria being
assayed, but, rather, an experimentally determined
estimatewhich reflectsthe absorption and utilization
under conditionsof thetest (Fairweather-Tait, 1987).
Attemptingtodetermineasmple, uniquebioavailability
valueof asourceapplicableunder al conditionscan
be cons dered somewhere between frustrating and

of amineral under of afeedstuff or supplemental compound.
With current technology, determination of bioavailability
within its strictest definition is often difficult to impossible
for someelements, S0 acceptable compromisesmust be made.
In other words, there is no one percentage bioavailability
under al conditions.

mideading.

Thedefinition of minera productsthat areable
to be sold inthe United States as organi cally-bound
minera compoundsisdefined by the Association of
American Feed Control Officials(AAFCO, 1997).
1) A Metal Amino Acid Chelate (57.142) is the
product resulting from thereaction of asolublemetal
sdt with amino acidswith amoleretio of onemoleof
metal to oneto three (preferably two) molesof amino
acidstoform coordinate covaent bonds. Theaverage
weight of the hydrolyzed amino acids must be
gpproximately 150 and theresulting molecular weight
of the chelate must not exceed 800. 2) A Metal
Amino Acid Complex (57.150) is the product
resulting from complexing of asolublemetd satwith
anamino acid(s). 3) A Metal (Specificamino acid)
Complex (57.151) is the product resulting from
complexing of asolublemetd sdtwithaspecificamino
acid. 4) A Metal Proteinate (57.23) isthe product
resulting fromtheche ation of asolublesdt withamino
acidsand/or partidly hydrolyzed protein. 5) A Metal
Polysaccharide Complex (57.29) is the product
resulting from complexing of asoluble salt with a
polysaccharide solution declared asaningredient as
the specific metal complex. Simple, easily used
methodol ogy for verification of the speciation and
degree of binding strength of organic mineral
compounds has not been available and this has
hindered progressin research with these products
(Ammermanet a., 1997, 19983, b).

METHODOLOGY

Bioavailability va uescan beinfluenced gregily
by method of mathematica calculation usedto derive
theestimate. Datamust mest certain criteriafor valid
tests. As examples, data must be linear or
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transformableto linear for amultiplelinear regresson
toyiedvdidresults, wheress, for apardld lineassay,
datamust conformto paralldismaswell aslinearity.
A control group displaying either no response or a
limited response should also be included in an
experiment to determinewhether somemeasurable
responseto atest source has, indeed, occurred. An
exception to thiswould bewhen acontrol dietisso
deficient inan dement that very highmortality would
result and, consequently, no useful datawould be
derived. Inagtuaionwherefeadintakediffersamong
treatments, either because the control diet was
deficient inthe element or somediets had el evated
concentrations of the el ement, the total amount of
the element consumed rather than dietary
concentration should be used as the independent
variable in regression. Most importantly, values
obtained must make sense biologically.
Experimentation is not perfect, and sometimes
unknown factors will radically influence results.
Acceptingresultsof dl experimentsmay leadto costly
errorsindiet formulation.

A bioavailability method suitable for one
element may betotdly unsuitablefor another e ement
andyield erroneousresults. An examplewould be
comparison of tissue retention of selenium from
selenomethionine vs. sodium selenite.
Sel enomethi onine can beincorporated directly into
body proteins, whereassdeniteismetabolized through
adifferent pathway and isnot storedinthismanner.

Absorption, either apparent or true, of amine-
ral hasbeenused asanindicator of itsbioavailahility.
Absorption, however, cannot aways be equated to
biocavalability asisthecasewiththesdenocaminoacids.
For thetracee ements, requirement level saregenerdly
small and/or absorption so limited asto render ba-
lance experiments unreliable. For somee ementsin
various forms, however, apparent absorption, or
especialy true absorption, can provide very useful
informationwith regard to bicavailability.

Animd body weight gainand bonedeve opment
havebeenused asprimary criteriafor functiond assays
of several traceminera el ements. Theyoung chick
withitslimited nutrient soreand itsgenetic potential
for rapid growthisanided choiceasan assay animal
for severd tracemineras. Inthecase of iron or zinc
fed at elevated dietary concentrations, feeding should

be delayed until 3to 5 daysof ageto avoid severe
growth depression. Metabolically essential
compoundsor enzymes have been used ascriteriain
severd minera bioavailability studies. Perhapsone
of the earliest uses of such acompound isthat of
hemoglobin anditsresponsetoiron. Morerecently,
measurement of glutathione peroxidase activity has
been used to assay sel enium sources.

Accumulation of aminera eementinvarious
target organs has been used asaresponse criterion
for bioavailability. Early observations, including those
by Nesbit and Elmdlie (1960) with ratsand Bunch et
al. (1961) with swine, indicated that biological
availability of iron and copper from various
compoundswas rel ated to tissue concentrations of
the elements. Watson et a. (1970) fed semipurified
diets (4 ppm manganese) to chicksand reported that
bone manganese concentrationswere moredirectly
related to supplemental level sthan weregrowth rate
or leg devel opment and suggested that abiol ogical
assay for manganese be devel oped using manganese
sulfate asareference standard and bone manganese
levels as the response criterion. Years later this
suggestion wasfollowed to the extent that Black et
al. (1984 a, b) used bone manganese concentrations
along with concentrations of theelement in other
tissuesasindicatorsof bioavailability.

Traditionally, bioavailability valueshave been
determined at dietary levelsbelow therequirement.
Thesestudiestechnicaly do not meet theleve sbelow
therequirement. These studiestechnicaly do not meet
thedefinition of biocavailability inthat theanima isno
longer “norma” if consuming adeficient diet. Some
dietary mineral deficienciescan affect other areas of
metabolism indirectly through numerous complex
interrel ationships. A methodto estimatethebiological
availability of themicrominerd eementsfor poultry
based ontissue uptake of theelement following high-
level, short-term supplementation hasbeen deve oped
at theUniversity of Florida(Henry et a., 1986). As
stated by Combs and Combs (1986), with regard to
theavailahility of selenium, thismethod measuresthe
element in bothits“adventitious’ formsaswell asin
its“critical” or metabolically activeform. Oneof the
biggest advantages of thismethod isthat it takesfar
fewer animals to detect statistically significant
differenceswhen greater dietary concentrationsof the
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particular element arefed and the degree of response
isproportionately greater. Theuseof high-levd, short-
term supplementati on suggeststhat levelsof the mi-
neral element fed can approach what would be
considered the toxic range for longer term
supplementation. It is important, however, that
significant reductionsin feed intakeand weight gain
do not occur. The use of elevated dietary
concentrationsallowsformulation of dietswith natu-
ral ingredients which meet the animal’s nutrient
requirementsandalow themto grow at their maxima

genetic potentid . Dietscontaining suchingredientsare
lessexpensiveand, in general, more palatable than
are diets containing purified ingredients. Also,

contamination of either diet or tissuesampleswiththe
minera element being tested i sof |essconsequence
when high dietary levels of theelement arebeing fed
asopposed to having thediet ascompl etely freeas
possible of theelement. In studies of thiskind, dope
ratios are used in comparing responses from test
sourceswith that of the standard source.

A comprehengvereview onthebioavailability
of the micromineral elements was prepared by
Ammerman and Miller (1972). Much of the current
informationontherdaivebioavalability of theorganic
forms of the trace minerals was summarized by
Ammerman et al. (1997, 1998a, b). Thefollowing
text containssome of theinformation excerpted from
their review aswell asother pertinent citationsonthe
organic aswell astheinorganic forms of thetrace
minerds.

MANGANESE

Except for recognition that rhodochrositeisan
ineffective dietary source of manganese, few
differences in bioavailability among manganese
sources have been observed when chickswerefed
purified diets and body weight change and leg
abnormalities served ascriteria. Morerecently, with
sjderetd ddayledsd 1000to4000gam manganese
carbonated and manganesemonoxide have beenfound
to belesseffective than manganese sulfateasasource
of thed ement for poultry and manganesedioxidewas
quiteunavailable. Researchers contributing to these
findingsinclude Southern and Baker (1983); Black
et d. (1984b); Henry et al. (1987a); and Wong-Vadle

etd. (1989). Therdativebiologicd availability of the
monoxideform of manganese hasbeen shownto be
lessthan that of the sulfateand chlorideforms, which
arethetwo mainformsused today asingredients of
foodsfor human consumption. Mileset al. (1986)
reviewed thebioavail ability and safety of manganese
sourcesand theseauthors concluded that manganese
monoxideisavery safeform of manganeseto usein
animd dietsand should remainaGRA Sfeed additive.

More research has been conducted on
bioavailability of the inorganic forms of the trace
minerals. Research with the organic forms of the
element hasbeenrather limited. A manganese-protein
complex was shown to have greater bioavail ability
than manganese sulfate asasource of manganesefor
chicksin one study by Baker and Halpin (1987).
Manganese methioninewasequa to manganese oxi-
defor chicksin one study (Scheideler, 1991) and
superior to manganese oxidein another study (Fly et
d., 1989). Themethionineformwasequa to or more
effectivethan manganese sulfate (Henry et d., 1989).
Egg shell qudity wasreported to beimprovedin|SA
brown layers when aproteinated form of zinc and
manganese was supplemented to thediet (Klecker et
d. 1997). Miles(1998) d so reported an improvement
in the amount of egg shell deposited on eggsfrom
white Leghorn hensselected for low shell weight and
fed aproteinated form of manganese, zinc and copper.

Luo (1989) investigated the bioavail ability of
severa inorgani c manganese sourcesin broilersand
used percent ash in the middle toe asthe response
criterion. The manganese orestested werelower in
bioavailability relative to that in reagent grade
manganese oxide. Smith et al. (1995), using two
environmental temperatures, fed day-old broiler
chicks0, 1000, 2000, or 3000 ppm manganesefrom
either sulfate, monoxideor proteinateformsfor 21
days. From day 22 to 47, birdsfrom each treatment
were continued under thermoneutral (temperature
cycled between 18 and 23.9 C) or heat distress
(temperature cycled between 23.9 and 35 C)
conditions. Based on bone manganeseregressed on
manganeseintake, bioavailabilitieswere 100, 91, and
120 for sulfate, monoxide, and proteinate forms at
21 days, respectively. These values were 100, 83,
and 125, for 7-wk-old birds under thermoneutral
conditions and 100, 82, and 145, respectively, for
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those under heat distress. Heat distress appeared to
magnify the difference in bioavail ability between
manganese sulfate and manganese-proteinate.

Lambswerefed natural diets supplemented
with 900, 1800, or 2700 ppm manganese from
varioussourcesfor 21 days (Henry etd., 1992). The
overall estimated bioavailabilities based on bone,
kidney, and liver manganese depositionswere 100,
121, 70, and 53 for manganese sulfate, manganese-
methionine complex, and the two feed grade
manganese monoxides, respectively.

COOPER

Nelson (1997) reviewed the benefits of feeding
dietary cooper from various compoundsin poultry.
Hisreview dedt mainly with those compoundsthat
have historical significance or are presently
supplemented to poultry dietsat level sthat resultin
responsesin growth and feed efficiency. An early
review of theliterature (AmmermanandMiller, 1972)
indicated that copper as cupric sulfatehad been found
to bethemost availableform for both domestic and
laboratory animals. Copper as cupric oxide was
absorbed to a lesser degree than that from cupric
sulfate and cupric carbonate was intermediate in
response between the oxide and sulfate forms.
Consderably moreinformation onthebioavailability
of varioussourceshas been generated inrecent year's.
Mogt studiescontributing to thisinformation haveused
liver copper deposition asthecriterionand, frequently,
supplemental dietary copper levelshave extended to
300 to 400 ppm.

Ledoux et al. (1989) fed high dietary copper
concentrations and reported that liver copper
accumulation was a useful bioassay criterion for
estimation of copper bioavailability frominorganic
sources. The cupric form of acetate was shown
(Ledoux et a., 1991) to be equal to cupric sulfateas
asource of copper. In general, cupric chloride has
been shownto haveagrester bicavailability thancupric
sulfate(Norvell etal., 1974, 1975). Although cupric
oxide has been used as a supplementa source of
copper inthelivestock and feed industry, morerecent
research suggested it hasessentidly zerobioavalability
for poultry (Norvell eta., 1974, 1975; Baker et al.,
1991; Ledoux et al., 1991). Baker etd. (1991) found

that copper from cuprousoxidewaswel| utilized by
thechick. Supplemental cooper intheorganicforms
including cooper lysine, copper methionine and
copper protel nate was absorbed equal to or greater
than that from cupric sulfate (Kincaid et d ., 1986;
Baker et a., 1991). Aoyagi and Baker (1993b)
reported the bioavailability of copper in copper-
methionine complex for chickswas estimated as 96%
by using abile copper assay at low dietary intakes
and 88% by aliver copper assay at elevated dietary
intakes when compared relative to 100% for the
copper incupric sulfate.

Ledoux et al. (1991) fed cupric carbonateand
cupric sulfateto chicksat supplementa copper levels
of 150, 300, and 450 ppm. Thebasal diet contained
11 ppm copper. Liver copper concentrationswere
examined by the slope ratio method and relative
bioavailability of the copper ascupric carbonatewas
68%. Zanetti et a. (1991) conducted a similar
experiment with chicksinwhich supplementd copper
levelsof 5, 10, 15, and 20 ppm were added to adiet
containing 5 ppm copper. Thereativebioavailability
of copper inthecarbonateforminthisstudy inwhich
dietary copper additions were much closer to
requirement wasvery smilar at 66%.

Spearset a. (1997) reported that the copper
intribad ccopper chloride(TBCC) wasmoreavailable
to steers than that of copper sulfate when
supplemented to dietshigh in the copper antagoni<ts,
molybdenum and sulfur. When evd uated in copper-
deficient steersfed dietslow in molybdenum, thetwo
copper sourceswereof similar bioavailability. Miles
et al. (19984) studied cupric sulfateand TBCC as
supplemental copper sourcesfor broiler chicks. A
corn-soybean meal diet containing 26 ppm copper
was supplemented with either 0, 150, 300, or 450
ppm copper from sulfate or TBCC and fed for 21
days. Chicksfed 450 ppm copper from sulfate had
lower (P<0.05) feed intake than those consuming
other diets. Feeding supplemental copper increased
(P<0.0001) liver copper concentration linearly with
increasing dietary copper regardlessof source. The
slopesof regression of log, liver copper on dietary
copper intakedid not differ between sources. Linear
regression over nonzero dietary levels of log,,
transformed liver copper concentration of analyzed
total copper intakeresulted inasloperatio estimate
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of 106% for bioavailability of copper from TBCC
compared to 100% for that in cupric sulfate. Another
study was conducted for 42-dayswith broiler chicks
fed supplemental copper at 0, 200, 400, or 600 ppm
from either feed-grade copper sulfateor TBCC. Liver
copper increased linearly with increasing dietary
copper. Based onlog,, liver copper concentration,
copper in TBCC was 112% available compared to
100% for the standard cupric sulfate. In asimilar
study, Miles et al. (1998b) fed broiler type chicks
supplemental copper as either feed grade cupric
sulfate or tri-basic copper sulfate at dietary
concentrationsof 0, 150, 300, and 450 ppm. Using
liver copper accumulation, these authorsreported that
the copper in tri-basic copper sulfate was as
bioavailableasthe copper infeed grade cupric sulfate.

Ewing et al. (1998) used commercial male
broiler chickenstotest theahility of threecommercidly
available copper sources(cupric sulfate pentahydrate,
copper oxychlorideand cupriccitrate) toimprovethe
growth performance of broiler chicks. Eventhough
thisstudy wasnot designed to determinetherel aive
bioavailability of copper inthese sources, they were
shown toincreaseweight gain. Copper oxychloride
was shown to be aviable copper source compared
totheindustry standard copper sulfate when growth
was used as the response criterion; however, the
growth responses to copper sulfate or copper
oxychloridewerenot comparableto those observed
with cupric citrate, asreported earlier by Pesti and
Bakalli (1996). Swineareableto utilizethecopper in
copper sulfate, but cupric sulfideisnot utilized very
well by swine. Bunch et al. (1961, 1965) reported
low liver copper concentrationsinweanling pigswhen
fed cupricoxiderdativeto cupricsulfate. Inthestudies
with pigs, cupric carbonate was intermediate in
bioavailability tothesulfateand oxideforms. Instudies
withswine, Apgar et d. (1995) fed weanling pigs 100,
150, or 200 ppm copper as either cupric sulfate or
copper-lysine complex for 35 days. Average daily
ganincreased with supplemental copper, but did not
differ between sources. Liver copper concentrations
weresimilar for the two copper sourcesat 100 and
150 ppm supplemental copper. At 200 ppm added
copper, liver copper was much greater for copper-
lysine than for cupric sulfate suggesting greater
absorption from the organic form. Further research

from the same laboratory (Apgar and Kornegay,
1996), however, found that absorption and retention
of copper weresmilar for pigsfed growth-gimulating
levels of the element from either cupric sulfate or
copper-lysinecomplex.

Ammermanetd. (1997, 19983, b) reviewed
theliteratureonthe utilization of severd of theforms
of organic mineralsinlivestock. Numerous studies
have been conducted inratsto determinetheutilization
of copper in organic compounds (Du et a. 1996b).
Theseauthorsreported on the utilization of copper in
copper lysinecomplex, copper-proteinate, and cupric
sulfate. Intwo experiments, liver copper deposition
was greatest from the proteinate and the lysine
complex. Theseauthors suggested that the copper in
inorganic copper sulfate and that the copper
supplemented to the diet in copper complexeswas
absorbed by different mechanisms. In another study,
DeBonisand Nockels(1992) using calvesfound that
copper ascopper-lysinewas utilized better than that
incupric sulfate.

Not al sudieswith ruminantshaveshownthat
theorganicformismoreavailablethantheinorganic
form (Ward etd ., 1993). Intheir study both copper-
lysineand copper sulfatewereequa intheir ability to
furnish copper to steers. In a7-month experiment,
Rabiansky et d. (1998) found that heifersutilized the
copper in copper sulfate and copper lysineequally
andthat in copper-lysineexhibited agreeter utilization
in heiferswithlow copper status. Du et al. (1996a)
reported that Holstein and Jersey cows utilized the
copper inaproteinateform aswell asthe copperin
cupric sulfate. Similar results were found for a
proteinateform fed to cattle by Ward et a. (1996a).
When compared to the carbonate and sulfate forms
the copper inthe proteinateform wasequal to that in
the inorganic forms. However, in the presence of
added molybdenum, ahigher utilization of copper
seemed to occur with the proteinateform. A copper-
lysine complex was supplemented to dietsof lambs
and compared to copper sulfate (Luo et al., 1996).
Inthe combined feeding regimes used by theseauthors
the copper in the copper-lysine complex was 93%
asavailableasthat in copper sulfate (100%). Winn
and Schalatter (1998) fed different organic sources
of thetrace minerals zinc, copper, manganese and
cobalt to dairy heifers over asix week period along
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with an unsupplemented control. Thetraceminerals
were either complexed with an amino acid,
glucoheptonate, or propionate. Generally,
supplementation of the trace minerals increased
uptake of thetrace mineralsfrom al forms. Copper
propionated evated serum copper level sgreather than
did copper-lysine. Asdiscussed by Ammermanet d.
(1997, 19984, b), Attaelmannan and Reid (1996)
suggested that copper-lysine “chelate” fed to a
ruminant will dissociate quickly in salivaand exist
mainly ascarbonate and phosphate compoundsin the
gastrointestingl tract.

ZINC

There ationship between zinc deficiency and
parakeratosisin swineiswell recognized and the
potential need for supplemental dietary zincisnot
questioned. Zincistypically supplemented aszinc
sulfate, carbonate, oxide or zinc complexedto amino
acidsand proteins. Recently, Woodworth et d. (1998)
used atotal of 360 early-weaned barrowsin a 36-
day growthtria to determinetheinfluenceof added
zincfromzinc oxideon starter pig performance. The
ninetreatmentscons sted of acontrol diet containing
no added zinc, and eight diets containing increasing
levels of zinc from zinc oxide (50, 100, 200, 400,
800, 1,600, 2,400, and 3,200 ppm zinc). Their results
suggested that 3,200 ppm of zincfrom zinc oxidecan
be added to starter pig dietsto achieve maximum
growth performance, but only 100 ppm of zinc from
zinc oxideisrequired to meet the basa requirement
forzinc.

Galvanized pipe enrichesthe water supply
with zinc and in many instances hasbeen shownto
prevent adeficiency inanimas. Infact, many captive
animdls, especidly birds, will gnaw at their cagesand
may ingest enough zinc to cause a copper or iron
deficiency. New cagesare often arich sourceof zinc,
anditisnot uncommon for captivebirds, especidly
psittacines, to develop afatal zinctoxicity withina
few weeksof being housed (Howard, 1992). Severd
bioavailability studies were conducted in which
inorganic zinc compoundswere eva uated as sources
of theelement for chicksor poults (Ammerman and
Miller, 1972). Zincintheform of acetate, chloride
and sulfate have commonly been used as standards
inbioavailability research, and dl threeformsof the

element are well utilized by animals. Most of the
studiesused growth astheresponsecriterion and few
differenceswere observed among the supplemental
sources of zinctested.

Zinc, inthe organic form, has been studied
for many years. Pensack et al. (1958), using chicks,
compared azinc-proteinate with several inorganic
sourcesand reported no differencesin the different
formsof zincto overcomeazinc deficiency. Pimentel
et al. (1991) reported no difference in bone zinc
content when zinc oxide was compared to zinc-
methionine.

Aoyagi and Baker (1993) added graded
levelsup to 8 ppm zinc from either feed grade zinc
sulfate or zinc-lysine to a semipurified basal diet
containing 13 ppm zinc. Theseauthorsreported that
relative bioavailability of zinc-lysine complex was
111% based on bone zinc accumul ation for the chick.
Thebioavailability of zinc aseither zinc-methionine
complex or zinc sulfate as affected by dietary cacium
concentrationwasstudied by Wedekind et d. (1994).
Chick dietswere supplemented with 0, 5, or 10 ppm
zincinthe presence of .60 or .74% calcium. Based
on doperatio comparisonsof tibiazinc concentration,
bicavailability of zinc-methioninewas 166 relativeto
100 for zinc sulfate when the dietary calcium
concentration was .60% and 292 when the dietary
calcium concentration was . 74%.

Therehasbeen anincreased interest recently
indetermining thebioavailability of zinc supplements.
Chick zinc bioassays were conducted with a soy
isolate-dextrosediet containing 13 ppmzinctowhich
7.5 or 15 ppm were added from either feed grade
zinc oxideor feed grade zinc sulfate (Wedekind and
Baker, 1990). When weight gain wasregressed on
supplementd zincintaketherdativebioavail ability of
zinc aszinc oxidewas 61%, when the sulfateform
wasassigned ava ueof 100%. A Smilar comparison
based ontibiazinc gaveavauefor zinc oxide of 44%.
However, zinc concentration of thebasal diet andfeed
intake were not accounted for in this calculation.
Wedekind et al. (1992) reported on studies with
chicksinwhichthebioavailability of zinc methionine
was compared to that of feed gradezinc sulfateusing
threedifferent dietsdescribed aspurified (crystdline
amino acid), semipurified (soy isolate), and complex
(corn-soybean med) diet. Zincfrom zinc methionine
was absorbed significantly greater thanthat from zinc
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sulfate with the purified diet and the differencein
degree of bioavailability was even greater with
semipurified complex diets. The authors suggested
that metabolism of the zinc methionine complex
differed fromthat of inorganic sourcesasinfluenced
by phytateandfiber inthediet.

Thepotentia for usng elevated dietary levels
of zinc with practica dietary ingredients was
examined by Henry et d. (1987b). Theseinvestigators
fed abasal corn soybean med diet containing 74 ppm
zincto chicksand supplemented it with 0, 500, 1000,
and 1500 ppm zinc asreagent gradezinc sulfate. Feed
intake and body weight gains were depressed,
especidly at thegreatest concentration of zinc, when
chicks were fed for 1 week. Highly significant
increases in tissue zinc occurred and the authors
suggested that this technigue might be useful asa
measure of zinc bioavailability. Of the tissues
examined, bonewas most sensitiveto dietary zinc
followed by liver and kidney. Sandoval et d. (1997)
used thistechniquewith chicksand when zinc sulfate
served asthe control zinc carbonate, zinc oxideand
zinc metal werelower inbioavailability inthe order
listed. Sandoval (1992) reported that the age of the
chick at the start of plethoric dosing of zinc sulfate
had aprofound effect on feed intake. Thismay be
related to structural integrity of the developing
gastrointestinal tract of the newly hatched chick or
establishment of gut microbid populations. Hahnand
Baker (1993) reported that therd ative bioavail ability
vauesfor supplementa zinc sourcescalculated from
serum datacollectedinstudiesinwhich plethoricleves
werefedto swineweresmilar tothosebioavail ability
vauesinwhichleve snear thechick’szinc requirement
werefed (Wedekind and Baker, 1990).

Sandoval et al. (1998) conducted four
experimentswith the purpose of identifying several
factorsthat might be useful inimproving the accuracy
and reproducibility of zinc bioavailability assaysfor
chicks. Theseauthorsreported that only one factor
may refinethemodd used for zinchioassays. Ddaying
the onset of high zinc feeding by several days may
help dleviatefeed intake problemsobserved with zinc
aulfate. Useof ether zinc gluconateor zinc acetate as
astandardinassaysor useof metdlothioneinsynthesis
asabioavalahility criterionwasnot found to beuseful
in improving the accuracy of zinc bioavailability

estimates. Carlsonet al. (1997) used nursery pigsto
determineif metallothionein concentrationinthein-
testind mucosawasaffected by organicandinorganic
zinc sources. The sources of zinc were zinc oxide,
zincaminoacid complex and zinc methioninecomplex.
After feeding different dietary concentrationsof these
three zinc sourcesfor 20 daysthe metallothionein
fractionsintheintestinal mucosawereanayzed for
copper. Zinc concentrationsin the metalothionein
fractionsof zinc oxidefed pigswere higher compared
to the control and the two other zinc sources.
Therefore, it appearsthat i ntestinal metallothionein
respondsdifferently to organic andinorganic forms
of zinc.

Ammermanetd. (1997, 19983, b) summarized
theresearch reported by Cao et al. (1997, 1998) in
which chickswerefed variousdietary concentrations
of zincintheformsof sulfate, aminoacid chelateand
proteinate and solubility of the sources was
determined. Zinc wasfound to dissociate fromits
ligand inthe solublefraction for the organic sources
a pH 2and 5. The organic productswered so soluble
indeionized water.

Ammerman et a. (1997, 19984, b) in their
review of theliterature concerning organic formsof
zinc have shown that, in general, the organic forms
arejust asavailableasthe commonly used forms of
inorganic zinc. In some casestheorganicformshave
been showntobemoreavailable. Theauthorsprovide
thefollowing referencesfrom Ammermanetd. (1997,
19983, b) for those wishing to becomemoreinformed
about the use of organic formsof zincinthediet of
various animal species. Swinkels, et al. 1991,
Kornegay et a., 1993; Wedekind et al ., 1993; Hahn
and Baker, 1993; van Heugten et ., 1995; Cheng
and Kornegay, 1995; Cheng et al., 1995; Matsui et
a., 1996; Schell and Kornegay, 1996; Ward et al .,
1996b; Kornegay et a., 1996; Hoover et d ., 19973,
b; Greene et al., 1988; Spears and Kegley, 1994;
Spears, 1989; Chirase et al., 1991; Nockelset a.,
1993; Brazle, 1994; Rellinget d., 1992; Rojaset d.,
1996; Kincaidet a., 1997; Kegley et al., 1997.

Swinkels et al. (1996) conducted a 36-day
experiment with 32 zinc depl eted pigsand reported
that serum and soft tissue zinc concentrationswere
clearly affected by the zinc status of thediet and zinc
depletion. However theseauthorsreported that when
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zinc sulfateand azinc amino acid chel atewere used
torepletethe pigs, an effect of zinc source was not
observed. Intwo zinc depletion/repl etion experiments,
Edwardset d. (1998) tested there ativebioavail ability
of two new by-productsof thegalvanizing industry.
Thesetwo new zinc sulfate compounds containiron
and are produced when the galvanizing industry
reclamszincfromthezinc coaingusedonsted. Ther
datashowed that both mixed sulfate productsof iron
and zinc are excellent sources of bioavailablezinc.
Morerecently, Edwardset d. (1999) conducted two
zinc depletion-repletion assayswith chicksfrom 8to
20 daysof ageto determinethe zinc bioavil ability of
three sources of zinc oxide and two sources of zinc
sulfate. Feed grade zinc sulfate, regardlessof source,
relativebiological vauesthat were not significantly
different from 100%, but feed grade zinc oxide
sourcesdiffered widdy intheir relativebioavail bility.

COBALT

Cobaltisan essentia trace element, needed as
a component of vitamin B , produced by
microorganisms. Elemental cobalt is of practical
sgnificancefor theruminant; however, whenahighly
availableform of cobalt such as cobalt chlorideis
added tothediet of poultry at high levelsit canresult
in cobalt toxicosis. If the diet islow iniron, the
absorption of cobalt increases, aggravating the
toxicosis(Hill, 1974). Aninterrel ationship between
cobalt and sulfur amino acids hasbeen reported in
chickens (Southern and Baker, 1981). Sulfur amino
acidsreduce cobalt toxicity (Baker and Czarnecki-
Maulden, 1987).

Diazetd. (1994) fed cobdt, ascobdt chloride,
at levelsof 0, 125, 250, and 500 ppmin the diet of
broiler chickens. All levelsof cobalt reduced feed
intake, body weight gain, and gain: feed ratio and
caused a dose-dependent increase in mortality.
Chickensfed 250 and 500 ppm deve oped pancrestic
fibrosis, multifocal hepatic necrosis, and lesionsin
skeletal and cardiac muscle and smooth muscle of
theduodenum. Theresultsdemondrated thet excessve
dietary cobdt hasseriousadverse effectsonthe hedth
and performance of broiler chickens. Although
excessive dietary cobalt is highly toxic for broiler
chickens, cobalt toxicosisinunlikely to occur under

practical conditions, since the normal cobalt
concentrationin most poultry dietsdoesnot normally
exceed 5 ppm (Puls, 1988).

Only afew critica studies have been reported
on the utilization of various sources of cobalt in
ruminants. Thesulfate, carbonate, chloride, and nitrate
forms have been indicated to be highly available
(AmmermanandMiller, 1972). The oxidecompounds
in the form of heavy pallets which remain in the
reticulorumen for severd months, havebeen effective
insupplying cobalt to sheep and cattle. Henry (1995)
reviewed thebioavailability of cobatinanimals.

As reported by Ammerman et al. (1997,
19984, b), based on research conducted at the
University of Florida, Ammerman et al. (1982)
suggested liver accumulation of cobat asanindicator
of itssolubility intherumen and, thus, itsavailability
toruminal microorganismsfor vitamin B , synthesis.
This research along with that conducted with the
Rowett Research I nstitute has been published ina
seriesof papers(Henry et al. 1997; Kawashimet dl .,
19974, b). Cobaltoussulfate, cobaltous carbonate,
and cobalt glucoheptonatewere essentially equd in
utilization when based on liver and kidney
accumul ation of cobalt insheep fed dietary levelsof
40 to 60 ppm cobalt for 16 to 20 days. The oxide
formswerelesswdll utilized. Serumand liver vitamin
B,, concentrationsincreased with increasing dietary
cobalt, but were not useful in separating the
supplemental sources. Relativebioavallability values
for cobalt sources based on production of vitamin
B,, inruminal effluent inasemicontinuousinvitro
culture system were similar to those obtained with
tissue cobalt accumulation.

IRON

Although iron deficiency is not generaly a
practica problemin poultry nutrition, thechick has
been used extensively as a model for human
bioavailability studies. Iron absorption has been
reported to decrease with age (Forbes and Reina,
1972). Ironiscommonly supplemented toanima diets
asferroussulfate, ferric chloride, ferriccitrate, ferric
ammonium citrate, and iron amino acid compl exes.
Iron oxideis poorly available to birds (Henry and
Miller, 1995).
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Hemoglobinregeneraionfollowingfeedingan  dical cium phosphate, trical cium phosphate and rock
iron-deficient diet for severd weekshasgenerdly been  phosphate were 71, 50 and 49%, respectively.
used tomeasureavailability of iron sourcesinreation
tothat of ferroussulfate heptahydrate. Clear evidence
has been presented that proves blood hemoglobinis
abetter response parameter iniron depletion-repletion
work than either blood hematocrit or weight gain
(Chausow and Czarnecki-Maulden, 19883, b; Biehl
etd., 1997).

Ingeneral, the utilization of iron from organic
sourcesincluding thecitrate, fumarate, and gluconate
formsisessentially equal to that of ferrous sulfate
heptahydrate (Ammerman et a ., 1995). Ferriciron
asferricoxideisvery poorly utilized. Considerable
differences have been observed in bioavailability of
iron in the form of ferrous carbonate, without any
obvious explanation. Ferric oxide was reported to
be 17% asavailableasferroussulfatein very early
studies (Elvehjem et al., 1933). Fritz et al. (1970)
reported values of 107, 99, 98, 44, 37, 4, and 2%
that of ferrous sulfatefor ferric ammonium citrate,
ferrousammonium sulfate, ferrouschloride, ferric
chloride, reduced iron, ferric oxide, and ferrous
carbonate, respectively. Chausow and Czarnecki-
Mauldin (1988b) reported rel ativeiron bioavailability
estimates based on hemoglobin regeneration and
compared to ferrous sulfate of 96% for sesame seed
meal, 77% for rice bran, 65% for alfafameal, 45%
for soybean meal and 20% for corn. Relative
bioavailahility of ironinfeedstuffsof animd originwas
poultry by-product meal 68%; meat and bone medl,
48%; feather meal, 39%; fish medl, 32%; and blood
meal, 22%.

The major feed-grade phosphates have been
foundtorangefrom0.4to 1.2%iniron content. Thus,
when added to diets as supplemental sources of
phosphorus, and with some compounds such as
cacium, they dso providesgnificant quantitiesof iron.
Ammerman et a. (1993) conducted a study with
chicksinwhichathree-day depletion period followed
by a14-day repletion period wasused to determine
therdativebioavailability of ironincommercid feed-
grade phosphatesand rock phosphate. The phosphate
sourceswere compared with reagent-grade and feed-
gradeferrous sulfate heptahydrate. When based on
both hemoglobin and hematocrit, relative
bioavailability valuesfor samples of monocal cium/
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The nursing pig was used by Spears et al.
(1992) to compareiron-methioninewith ferrous
sulfate. Aspointed out by Ammerman et al. (1997,
19984, b), based on hemogl obin concentrations,
therelaivebioavailability of iron asiron-methionine
was 180% when compared to that from ferrous
sulfate. Morerecent datafrom Lewiset al. (1995),
however, showed rel ative val ues of 81% and 68%
for theironiniron-methionine based onweight gain
and hemogl obin, respectively, when compared with
responsesfrom ferrous sulfatefor theweanling pig.
Cao et al. (1996) fed chicks either an iron-
methionine complex or ferrous sulfate heptahydrate
at concentrations in the diet of 400 to 800 ppm
ironfor aperiod of 14 days. Relative bioavailability
values of ironiniron-methionine was 88% when
dietary iron concentration was used in sloperatio
data and 83% when based on total iron intake
during thetrial.

High dietary concentrations of solubleiron
have been reported to depressfeed intake and cau-
sedeathinyoung animals, especially when fed pri-
or to 5 days of age (van Ravenswaay, 1986;
McGowen et al., 1992; Spears et al., 1992). In
order to overcome the depressed feed intake
associated with feeding high dietary ironat one day
of age, Cao et a. (1996) delayed feeding chicks
thehighiron dietsuntil 5 daysof age.

Recently, two new sources of supplemental
iron and zinc have become available to the feed
industry. These productsare popularly referred to
asiron-zinc sulfate and zinc-iron sulfate. Both of
these products are by-products of the galvanizing
industry and are crystallized from thepickling fluid
that isused for cleaning the scale from galvanized
steel. All of theironinthese productsisferrous
(+2 valence). Using young chicks, Boling et al.
(1998) tested therel ative bioavailability of these
new sourcesof iron. Their datasuggested that these
two iron by-products are excellent sources of
bioavailable iron, whereas ferric sulfate and
cottonseed meal are relatively poor sources of
usableiron by the chick.

IODINE

Theiodine content of animal feedstuffsis

extremely variable and iodine is commonly
supplemented to animal diets. Plants grown in
regionswith iodine deficient soils are commonly
deficient iniodine. Even if the concentration of
iodinein natural feedstuffs appearsadequateitisa
good ideato use asupplemental source, sincethe
iodine in the feedstuff is often not biologically
available. High calciumlevelsinthediet or inthe
water supply may increase the need for iodine
(McDowell and Parkey, 1995). lodineisroutinely
added to animal dietsascalciumiodate, potassium
iodate, or potassium iodine. Ammerman et al.
(1995) indicated that most sources of supplemental
iodide were bioavailable and well utilized by
animals. These sourcesincluded potassumiodide,
potassium iodate, sodiumiodide, calcium iodate,
ethylenediamine dihydriodide (EDDI) and
pentacal cium orthoperiodate. Theexceptiontothis
list of compoundswasdiiodosalicylic acid (DIS).
Research revealed that DIS was absorbed intact
and cleared rapidly from the body of cattle without
iodine ever being released from the compound.
Rats apparently have a considerably greater
capacity toremoveiodinefrom the DIS compound.
Thisisan excellent example of why experiments
should be conducted in relative bioavail ability of
minera sourceswith theanimal to whichthemine-
ral isto befed.

Stability of theiodine-containing compounds
is always of concern, but is especially so when
minera mixtures containingiodinearestored under
conditions of elevated moisture and heat, or
exposureto sunlight. Thereare some organic forms
of iodine, such asiodinated amino acids, and these
seem to be availableto theanimal. McDowell and
Parkey (1995) also emphasized that crystalline
iodine salts are susceptible to heat, moistureand
acidity. Segregation isan everyday problem due
to extreme weight of iodine sources and minute
dietary inclusion rates. Chemical interactions
between crystalline iodine sources and specific
microingredients along with ambient moisture are
commonplace. To overcometheseinteractions, Dr.
Robert Teeter of Oklahoma State University
(McDowell and Parkey, 1995) indicated that iodine
absorbate technology overcomes many of the
above mentioned problems and offers over four
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timesmoreavallability inthefinishedrationthan EDDI.
From extrapolation of studies with other species
(Ammermanand Miller, 1972), it would appear that
cuprousiodidewould dso beahighly avallablesource
of iodine for poultry. However, research data to
confirmthisare needed.

SELENIUM

Thebioavailability of seleniumissomewhat of
amoot point asgovernment regul ationsin numerous
countries prohibit useof supplemental sourceswith
the exception of sodium seleniteand sodium selenate.
Combsand Combs (1986) compiled atablewhich
summarized the 291 inorganic and organic selenium
sources which were evaluted by Schwarz and
coworkersfor their efficacy in prevention of liver
necrosisinvitamin E-deficient rats. Ammerman and
Miller (1975) reviewed theroleof sdeniuminruminant
and what was known about isbioavailability up to
that time. With regard to poultry, three approaches
have been taken to estimate bioavail ability or selenium
infeedsuffsand supplements:. (a) prevention of various
selenium- responsive diseases; (b) functional assays
measuring gl utathione peroxidase (GSH-Px) activity,
and (c) tissueaccumul ation of sdenium. Unfortunetely,
estimatesderived by thesedifferent methodsare often
dissmilar. For example, selenomethioninewasnot as
well utilized as sodium selenite for prevention of
exudativediathesisinthevitamin E-deficient chick,
but was valued at approximately 350% compared
with 100% for sodium selenite for prevention of
nutritional pancreatic atrophy invitamin E-fed chicks.

Extensivework at Cornell University using
prevention of exudativediathesisin chicksindicated
that availability of seleniuminanimal by-product
sourceswas low, generally 9 to 25%, whilethat in
plant feedstuffswason theorder of 79%that in sodium
sdenite. Ammermanet d. (1995) indicated that plant
sourcesof seleniumrangedinrelativebioavailability
from about 60 to 90% compared with sodium selenite.
Selenium in sodium selenate has been estimated to
be 120% that in sodium selenite (100%) based on
tissue uptakein chicksfrom a6 ppm addition of the
elementinapractica diet (Echevarriaet d., 19884).
In a similar study (Echevarria et a., 1988b) the
bioavailability of sodium sdenite, sodium selenateand

calcium selenitewashigh and the seleniumin each
sourcewaswdl | absorbed by chickswhenfed at high
dietary concentrations (0, 3, 6 or 9 ppm) for one
week. Inturkeysfed asdenium-deficient diet, relative
avallability of sodim selenatewas 141%that of sodium
sl enite based on plasmase enium concentration and
220% based on plasma GSH-Px activity (Cantor and
Tarino, 1982). Echevarriaet d. (1988c), using thirty
crossbred wethers, in atime-dose study reported that
tissue selenium depositionisindicative of selenium
bioavailability. It appeared from their studies that
feeding selenium, assodium sdlenite, a 3to9 ppmin
thediet for ten days should result in sufficient tissue
sel enium deposition of determinedifferencesamong
sources during selenium bioassay studies. Estimates
for selenomethionine in another experiment with
turkeyswere 124 and 97%, respectively, based on
thesamevarigbles(Cantor et d., 1982). High selenium
yeast products contain most of their seleniuminthe
form of selenomethionineand would, therefore, have
gmilar bicavailability.

Organic forms of selenium such as
sdl enocystine, selenomethionine, and ase enoyeast
product were about equal to sodium selenitewhen
compared onthebasisof ther ability to promote GSH-
Px activity or overcome theincidence of exudative
diathesis. When tissue deposition of body retention
was used as the response, inflated relative
bioavailahility va ueswere obtained, no doubt dueto
the metabolism and deposition of theselenium asan
integral part of theamino acid (Ammermanet al.,
1995).

Mahan and Parrett (1996) evaluated the
efficacy of selenium-enriched yeast and sodium
seleniteontissue selenium retention and serum GSH-
Px activity in swine. Pigsfed thediets supplemented
with yeast hed gregter liver, loinand pancreassdenium
concentrationsthanthose pigsfed theinorganic form
of sdlenium, thusindicating greater bioavailability of
thesdenium fromyeast. Mahan and Kim (1996) ina
gmilar gudy usng swinefoundthat the sdeniumyeast
was superior over theinorganic form. Pehrsonet d.
(1989), using heifers, a so reported that the selenium
inyeast wasmoreavailabl ethan inorganic selenium.
Koenlg et al. (1997) used ' Se enriched yeast and

“Se-sdleniteand found that sheep utilized the stable
isotopein seenium yeast morethantha inthesdenite
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form.

Driplossinpoultry and svinemest isof mgor
economicimportanceineachindustry. Torrent (1996)
discussed theadvantagesof usngorganicsdeniumin
ayeast form over inorganic seleniumin helping to
minimizedriplossinswine. Edens(1996) discussed
the advantages of using selenium yeast to minimize
driplossinpoultry andinthe samearticlediscussed
theimprovementinfesthering observedin broilersfed
dietssupplemented with sdeniumfrom sdeniumyesst
compared to sodium selenite. Torrent (1996) and
Edens(1996) discussed the bioavailability of slenium
from different sourcesand proposed and discussed
the possi ble mechanisms of how theyeast product
was able to minimize drip loss as compared to
inorganic sdenium.

CHROMIUM

Since the late 1980’'s there has been
considerable research interest in the utilization of
chromiuminanimal feed. Chromiumisan essentiad
trace mineral with importancein the metabolism of
carbohydrates and lipids. The beneficial effect of
chromiuminanima hedthiswell documentedfor its
roleasanintegral component of the glucosetolerance
factor (GTF). The GTF consists of one atom of
trivalent chromium (Cr*¥) bound to severa molecules
of niacinandamino acidsfoundinglutathione(glutamic
acid, glycineand cystine). Without chromium at the
center of the GTF molecule, itisinactive (Mertz,
1969). The GTF potentiates the action of insulin,
which functions in the animal as one of the most
important anabolic hormones. Insulin regulatesrate
of glucoseentry into body cells, energy metabolism,
muscle tissue deposition, fat metabolism and
cholesterol metabolism. Becauseof itsroleas part of
the GTF, whichinfluencesoverdl cdlular utilization
of carbohydrates, fatsand proteins, chromium has
been shown to affect carcass composition and meat
yiddinanimds

Chromiumisnormdly supplemented toanima
dietsasather chromium chloride, chromium picolinate
or chromiumyesast. Uptothispointintimetherehave
not been any detailed comparison studies of the
relative bioavail ability of the chromium from these
sources reported in the literature. What has been

reported, however, are the data on animal
performancewhich arearesult of using thesethree
sourcesastheform of supplemental chromiuminthe
diet. Theauthorsof thesereportshave presented an
extensive list of other excellent references on
chromium and animal performance. We have,
therefore, provided thefollowing references so that
those that wish to do so may learn more about the
influencethat chromium hason anima performance
References cited are: Chang and Mowat (1992);
Mowat (12996, 1997); Mowat et al. (1995); Page
etd. (1993); Lienetd. (1996); Hossainet d. (1998);
Hossain (1998); Lindemann (1996, 1998); Campbdll
(1998); Trout (1995).

ORGANICMINERAL SUPPLEMENTS:
AN OVERVIEW

Inorganic mineralsinfeed an digestivejuices
present inchymeasionsinteract with avallableligands
and become bound as various organi c complexesor
formlow solubility sdtswhich areunabsorbable. Itis
currently unknown if chelated or complexed minera
supplementsdissociateto form freeionsat low pH,
which areinturn sequestered inamanner smilar to
inorganic freeionsand enter the glycocalyx of the
intestinal mucosa for absorption. Alternatively,
depending upon stability constantsand conditionsin
the gastrointestina tract, the organic formsmay be
absorbed intact by amino acid or peptide transport
pathways, aswell asmineral pathways. This may
account for the modest increases in availability
observedinanimd trids. Someof thefactorsaffecting
uptake of chelated mineralsincludethewater-lipid
partitioning coefficient, Site of absorption for the par-
ticular mineral and stability of the metal-ligand
complex. However, if chelates have strong stability
constants, the mineral cannot be rel eased from the
ligand for used in metabolism after absorption. Mine-
ra chelatesdiffer from amino acidsin several ways
whichmay affect their ability to beabsorbed by amino
acid pathways. These included geometry of the
molecule, charge density, molecular weight, size
binding siteaffinity, charge of functiona group and
heterogeneity of amino acidsinthe complexes. In
order to determinethe absorptive characteristics of
organic minerals, it would be necessary to
manufacturethe chelateswith anintrinsic radiolabel
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for theelement in question, thenfollow uptake of the
element in the living animal which is consuming
commercid-typedietsinamountssmilar tothat used
under practica conditions. Experimentswith simple
extringnclabeled amino acidsin ligated gut sections
in purified media cannot truly be relied upon to
characterizeabsorption of thesecompoundsinaliving
animal. Considering the expense and difficulty of
obtaining thenecessary information, itisunlikely that
scientistswill beableto determinethetrue nature of
the absorption of organic chelated and complexed
minerd supplementsany timeinthenear future.

Cheatesformaring structurearound the meta
ion and have coordinate covalent bonds with the
nitrogen (amino) or oxygen (carboxyl) donor groups
of amino acids and/or proteinates. Gluconates,
fumaratesand citrateshaveonly ionic meta-ligand
bonding and arelessstablethan chelates. All chelates
arecomplexes, but not all complexesare chelates.

Some of the suppositions which have been
madein the popular press during the past few years
about theorganic minerd supplementsare;

1. Thering structure protectsthemineral from
unwanted chemical reactionsin the gastrointestinal
tract.

2. Chelateseaslly passintact throughtheintes-
tina wall to theblood stream.

3. Passiveabsorptionisincreased by reducing
interactions between theminera and other nutrients.

4. Theminerd isddiveredinaform similar to
that found in the body.

5. Chelates are absorbed by different routes
thaninorganicmineras.

6. Eachminerd inachd atefacilitatesabsorption
of other minerdsinthechelae.

7. Chelatescarry anegativechargeso they are
absorbed and metabolized moreefficiently.

8. Chdationincreasessolubility and movement
through cell membranes.

9. Chelation increases passi ve absorption by
increasing water and lipid solubility of theminerd.

10. Chelation increases stability at alow pH.

11. Chelates can be absorbed by the amino
acidtransport system.

However, no definitive studies have been
reported inthe scientific literature supporting any of

these claims, although at | east one has been shown
not to be true. None of the chelated zinc products
reported by Cao et al. (1998) and copper products
(Henry, persona communication) werestableat apH
of 2.0. It should a so be pointed out that during the
past few yearschelated and complexed productshave
been improved by the manufacturers often without
changingtheoriginad product name(s). Becauseof this,
the datapresentedin theliterature, in many instances,
do not represent the present day productsavailable
totheanimal feed industry.
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