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The effect of hlgh dletary Mo and S upon the flcm and solubility of

nlnerals along the bovine dlgestive tract was examlned. For:r Holsteln

steers (x -- 235 kg ) , f ltbed wlth cannurae 1n the ru¡en, proxinal

duodenr-u (e0¡ ¿n6 ternlnal iletm (TI) were continuously fed 4.5 kg day-1

of a barleygraln-hay (6Tí-27l) ralLon containJ.ng: (l) no added Mo or S

(L!{"S)i Q) added Mo at 10 ng tg-1 (H}d,S); (3) added S at 3.0 g t<g-1

(LMHS); and (4) added Mo at 10 ng tcg-1 and S at 3.0 g tcg-1 (HMIS), in a

4 x 4 Latfn Square Deslgn. Rations were t,opdressed wlth 1009 barley

pellets day-1 cont,alnÍng 2 ng dysprositm g-1 as a non-dlgestlble marker.

A hlgher (P < 0.01) apparent dlgestibillty of dry matter (DM) ryith

HM diet,s r{as a reflectlon of a higher (p = 0.051) digestlbillty of DM

before the PD. Added Mo sttnurated DM digestlon ln the rrmen.

Arthough ühe frcr¡ of total cu was not dlfferent (p > o.o5), the

solubllity of Cu (supernatant fractions of centrifuged digesta) with HM

and HS dlets was lcr¡er (p < o.o1) at the pD and rr, with an effect (p <

0.05) of HM + HS neasured at the Tf. Fecal- excretlon of Cu tended to be

hlgher (P = 9.07) wtth HM dtets.

I{ith HM diets, ühere was a Icr¡er (p < 0.05) net secretlon of Mn

before the PD wit,h ress (p < 0.05) Mn absorbed dlstat to the pD, but

wlth no effect (P > 0.05) upon Mn excrelion ln feces.

Tt¡e fecar excretion of Zn was hf gher (p < 0. o5), a resuJ.t of a

l-cr¡er (p < 0.01 ) absorption dlstar to the pD, and a lcr¡er (p < 0.05)

solubrllty of Zn at the Tr, which contribut,ed t,o a loner absorption of
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Zn frcn lhe large lntestlne with HM diets. The solubllity of Zn at t,he

PD was Lower (P < 0.01) with HS dlets, but absorptlon dlstal to the PD

rcas not affected (P < 0.05).

A lcr¡er (P < 0.01) excretlon of Fe (higher apparent dlgestibiliby,

P = 0.08) was the resuJ-t of a hlgher ( p < 0.05) absorption of Fe from

the large intestlne with HM diets.

Nelther Mo nor s lnfluenced any of the ca pararaeters exanined.

The Mg 1n bhe DM of supernatants was lower in runen fluid
(P < 0.05) wlbh HM + HS, was rcHer (p < o.o5) at the pD wlth HM diets

and hlgher ( P < 0.05) at the PD wit,h HS diets, but wit,h no significant

effect (P < 0.05) upon the net secretion or net absorpt,ion of ì,fg.

A lcn¡er (P < 0.05) net secretlon of P before the PD was follored by

a lc*¡er (P = 0.055) net, absorption of P dlsüal to the PD wlth HM diets;

wlth HS d1ets, the net absorpt,lon of P was hlgher (p < 0.01) dlstal to

the PD.

Both

infl uenced

the

by

flcrs and solubilltles of mÍnerals tn addition to Cu were

high dietary leve1s of either Mo or S.
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1. IXIAoUUCTIoX

l{any factors influence absorptlon of nlnerals frcu the digestive

tract. These include: Ievel of dletary lntake relatlve to require¡ent,

nlneral stat,us of the anlmar, âgêr anaboric demands such as gror¡th,

pregnancy and lactatlon, dlsease staüe, genetic factors, honnones,

vltamins, chemlcar fom of nineraJ- and nature of diet (NAs-Nnc, 1994).

Several nutrÍent relatlonshlps have a profound effect on the

absorpt,ion of a mlneraL. fnteractlons beü¡een and among minerals are

important dete¡"nlnanbs of mineral absorption. Inhlbitlon of mineral

absorptlon has been reported, and nay be the resuJ.t of several dlfferent
mechanisns. One such group of lnteractions fnvolves a conpetltion

between two cations for transport protelns 1n the brush border of the

intest'ina1 cel1. Another lnvolves a react,ion betr¡een lwo or nore

minerals, resulting in the fo¡raH-on of an insorubre preclpltate, thus

reducing the solublllty and potentlal avallability of that nlneral for
absorption. (Georgfevskll, 1982)

Extensive research has been direct,ed tonards an understandlng of

the ccnplex ¡netabollc lnteraction anong cu, Mo and s, both at, the gub

and systenfc level in rtmÍnanüs. Excesslve dietary Mo decreases fhe

efficlency of cu utrlfzation, readlng to a Cu deficlency. An elevated

intake of S' whether 1n feedstuffs or in water also cont,ributes to a Cu

deficiency, due to the fornatlon of insoluble, non-absorbabre, and

hence, unavalJ-able eopper sr:Lfide 1n the digestlve t,ract (Mason, 1981).

When high dlefary concentrations of Mo and S are slmr:ltaneously present,



the conblned effect of dletary Mo and S upon Cu status are synerglstic.

Thls has been att'rlbuted to bhe fomatlon of thlcmotybdates in the runen

(Dlck et al., 1975).

Thicmolybdates are conpounds whlch are forned by the progresslve

reduction of suJ-fide with nolybdate. Thesé conpounds apparentry

lnteract wllh dletary Cu to produee Cu-thicnolybdates in the ru¡en. A

Cu-thlcnolybdate cmplex ls lnsoluble in the dlgestive tracù, thereby

reducing the fractlon of Cu 1n the digestlve tract that is avallable for
absorptlon (l'lason, 1981).

Trace nlnerals, such as Mn and Zn, nay be at deficient leveIs in
feedstuffs 1n Hestern canada (Boira et al., 1985; Frlschke & Gtebrehaus,

1987) relatÍve to anlna1 requlrenents. Molybdentm and S nay be present

at' high levels j-n forages consrmed by grazlng livestock (Botra et al.,
1984a) and the absorption and utlllzatlon of nlnerals 1n addltion to Cu

nay be influenced.

The dlstributfon of traee nlnerals wblch lncrudes cu, zn, ltn and

F€, and macro-mineraJ-s whlch fnclude câ, p, and Mg, betr¡een the sorid

and llquld phases of dlgesta frcn locatfons within the dlgestive tracü

of nmlnants fed varlous ratlons has been identlfled (Brenner, 1970;

Ben-GhedalÍa et al., 1g7si Grace et al., lgïTi yano et ar., lgTgi rvan

et al. ' 1979; rvan & veira, 1981; rvan & velra, 1992; rvan et al.,
1983a, b; Rahnena and Fontenot, 1986).

The physlocheulcal propertles of dlgesta varies as the chyne noves

aÌong the digestlve tract. As a result, the proportlons of soluble and

lnso1ub1e nlneral conpounds in asslnÍlatable and non-assl¡nilatable forns



of trace and macroelenents change as weII (Georgfwskil, lgg1). Thus, a

cLose associatlon between pH of the dlgesta, the solubility of a nlneral

and pot'ential absorption of a nfneral has been denonstrated.

Dlets wtth hlgh Mo and S effectlvely reduce the solubllity of Cu in
bhe dlgestlve tract of rrulnants. Effects of Mo and S upon the net

absorptlon and lnteractlon of ninerals 1n relaH.on to the solubllity of

a nlneral deserves evaluatfon.

Thls süudy !¡as undertaken ln order to examine the effects of Mo and

S upon the flcn¡s and solubllfties of ninerals 1n the dlgestive tract,
includlng zn, Mn, Fe, ca, p and Mg ln addition to cu and Mo. The

soluble fractlon of nineral 1n dlgesta, was that 1n ühe supernatant or

I iquld after renovaJ- of the partlcurate or solid phase uslng

centrifugatlon.
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2. LIItsNÀfl'AE NEYIEÍ

2.1 Molybdenun

2.1.1 Requlrenent,s. DefÍciencv and Toxi.citv

The requirenent for Mo by nmínants has not been clearly deflned
(NAs-NRc, 1984). An exact estÍnate of t,he requlrenent, is lnpossible to
make, because bot,h s and cu influence Mo netabolisn (l4ason, 19g1). The

research deallng r¡1th Mo metabolisn has been directed prinarlly to¡ards
1ts interrelatlonship with Cu and S, rather than a speclfic requlrenent

for Mo (NAS-NRC, 1984).

sfgns of Mo deflclency, such as reduced food intake, poor weight

gains, higber nortallty at blrth and a shorter llfe expectancy were

observed'when goats were fed a diet contalning 0.06 ng Mo kg-1 nl,t (an*e

et âr., 1977). A slgniflcant growth response and an inproved

digestibillty of celluJ-ose r¡ere reported in sheep r¡hen the basal- dlet
whleh contalned 0.36 Mo ng kg-1 DM was supplenenüed wlùh 2 ng Mo kg-1 Ol,t

(E11fs et aI. ' 1958). Thus, Mo is essentlar for norual health, growth

and productlon. The requirenent for Mo by rr.mlnants is very lm and a

deflclency of Mo ls rare.

l4axlntu torerable levers of Mo for cattre appear to be 6.0 ng kg-1

dlet (NAS-NRC, 1984). The organlc forns are nost toxic (Miller et at.,
1970a; NAS-NRC, 1984). Toxicity has been reported as a practlcal
probren ln the grazrng n-uinanü (undemood, lgTT). cattle are lnore

susceptlble than sheep to an excess of Mo (Marcllese et a1., 1969).



2.1.2 Absorptlon and Secretion

Morybdentm 1s in group vr B in the periodlc Table. ALt,hough it can

exist in several oxldatlon states, 1t 1s most stable 1n the hexavaLent

oxidatlon state where it ls usually bound to four oxygens and exlsts as

the o:<y-anlon, nolybdate, Moo42- (Huislngh and l,fatrone, jg76).

Molybdenun, in the blologically active hexavalent foru, J.s readily
and rapldly absorbed frø the digestlve tract when avaflable in the diet
or present as an inorganlc foru of the erement (unden¿ood, 1gT7i Mason

et al., 1978; Georglevskil, 1982). Molybdenru in forage, nost of r¡hich

1s water soluble, is well absorbed by cattle and fnterferes wlth Cu

netabollso 1n cattle. The Mo in drled forage appears not to be as

avallable as that frcn green forage. Thus, forages that fnterfere with
Cu netaboLisn when grazed, do not cause difficultles when fed as dry,

harvested forage (Unden¡ood, lgTT; NAS-NRC, 19g4; Sut,tle, 19g6).

The hexavalent water-soluble conpounds, such as sodir¡ and ¡rnrno¡¡Lrm

molybdate, and certafn lnsoluble conpounds such as MgMoo4 and CaMoO4 are

readily absorbed. Absorption of Mo frco lhe disulfide, Mos2, is poor

which 1s a partial expranatlon for the antagonist,ic effect, of the

interactlon between Mo and sulfate (cardin and Mason, 1976; undemood,

1977 i Georgfevskll, lgBZ).

Molybdentm 1s readlly absorbed by the rtminant. Hcnever, the lcr¡

overall apparent absorptlon of Mo nay be ZO to 30í of dietary intake
(Hansard, 1983).



The extent of absorption is dependent upon the route of

adninlstratlon (BeIl et al. , 1964i Mitler at aI. , 1972¡ Mason et al.,

1978; Hansard, 1983). 0nfy 29.81 of 99yegt-2 was absorbed frcm ruren

doses whlle 62.21 of dosed 99yeg4-2 was absorb€d from the abomasum

(Ml]1er aü âI., 1972). Miller at al. (1972) found that 99Uo Has

absorbed frco each section of the dlgestive tracb of cattle frcm the

abonasum through the length of the sall int,estlne. No apprecLable

absorptlon of 99Mo was obser"r¡ed frcm the rrmen or masru; hcrrever, net

99Uo absorption by calves Has doubled when the ruI¡en, rettcr:J.r.u and

omasun were by-passed. The absorption of 99Uo frcm the abonasrm of

caJ-ves and the stonach of pigs vtas 74Í of the Mo thai was dosed.

Most of lhe Mo orally adnlnistered to swlne was absorbed and

rapldly excreted in the urine (Berr et aJ.., 1964). l{ith cattle, a

higher percentage of orally dosed 99Mo w"" excreted 1n the feces and

litt,Ie was found in the urine (Sell et âI. , 1964). Duodenal

adninistratlon of 99Uo04-2 1o sheep was follcr¡ed by rapld absorption and

excretlon l-n urfne (lfason et al., 1978). This was the sane pattern of

excretion seen 1n orally-dosed non-nninant anlnals or abonasally-dosed

calves (Mltler et al. , 19TZ).

RunlnaL adnlnlstratlon of Mo gave an entirely dlfferent, pattern of

absorptlon and excretlon when ccopared to duodenal adninistratlon (!4ason

et aI., 1978). Wlth runlnal adninlstratlon, an fnltlal rapid appearance

of radioactivlty ín the blood was absent. Less than 2l of the dose was

detected 1n the blood 20-24 hours post-adninlstration. More

radloactivity was excreted in the feces.
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Molybdate fs transforned lnto a poorly absorbed forn 1n the rr.uen

(Mason et al., 19?8). The reduced absorpt,lon of 99Uo after passage

through the rrrmen was due to a physlcal or chemlcal change occurring in

tbis sectlon of the gastrolntest,lnal bract (Ml11er at al., 1972). t4ason

et aI. (1978) and KeLleher et at. (1983) pror¡ided evidence that both Cu

and sulfate interact, wlth Mo during passage through the rruen, wiüh a

conseguenü decrease ln the efflcieney of post-rtminal absorptlon.

Althoqb the forestcmach ls not a najor slte of absorptlon for Mo,

net secretlon of Mo int,o tbe reticulo rrmen and coasun via sal1va or by

secrelion directly lnt,o lhese cornpartnents have been reported (Miller et

âr., 1972; Grace and suttle, 1979). Grace and sut,tle (1929) observed a

htgher recycling of Mo via the saliva lnto the nmen when dletary Mo was

high and dletary S was low. Radloactive Mo noves slowly through the

digestive tract of catüIe (Hansard, 1983). About 15Í of the isotope

adninlstered was retalned for a fer¡ days withln the dlgestive tract.

This was due to fixatlon by the nlcroflora (Georglevskli, 1982 citing

Anke et al. , 197 1).

Molybdentm 1s absorbed prinarily between the duodenrm and lletm

(MlJ.J-er et â1., 1972; !,fason et at., 19TB). The highest tevet of

absorption of 99Mo as Na2Mo04 frcn everted lntestinal sacs was 1n bhe

l1ear segnents of rats and very lcn in the proxlnat portlon of the sall

lntestlne (Cardin and Mason, 1976) . Conparable results were obtained by

lncubating mall pÍeces of the dlstal lleun of sheep. The distal- lleun

of the snall int,estlne was also the s1Èe of naxinaL Mo absorptlon (Mason

and Cardfn, 1977).
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The process of Mo absorption is both carÍer nediated, involving

active transport (cardin and Mason, 1975, 19T6; ìbson and cardln, lgTT)

and by diffuslon (Kosarek, 1976; Kosarek and l{inston, 19TT), depending

upon the lever or concentration of Mo in the gut, contents. Three poors

of Mo are recognlzed (cardtn and Mason, 1976): (1) that portlon in the

ltminal fluld or nucosal concentratlon, (M); (e) ¿nat porblon in the gut

cel-ls or g¡¡t concentratlon, (G); and (3) that portlon in the serosal

fluid or serogal concentratlon, (S). ft was asstmed, that 1f there were

acflve transport of Mo fron ühe nucosal to the other pools, then the

ratios betr¡een the final and initial concentratlons wor.¡Id be greater

bhan unlty. Cardin and Mason (1926) found t,hat this was indeed true;

the ratlos for both S/M and G,/M were greater than unity, except for fhe

highest concentratíon ( 1nU) of MoO4-2 used ln the incubatlng fluld with

everted sacs of rat ileun" They also suggest,ed that the conslstently

higher ratios for S/M than for G/14 lrere further support for lheir
contentlon (Cardin & Mason, 1976) that active transport occurred in the

lletm. They denonstrated that nost of the Mo noved t,hrough the serosal

fluid and did not acctmulate in the ce1ls.

Kosarek (1976) and Kosarek & I,Ilnston (1gTT) used hlgh

concentraülons of 99Uo in vlvo and denonstrated thaü absorption rates

Here essentfally the sane over a 1o-fold range of 10-100 mg L-1. These

data reveared that absorptlon Ìras based on dlffusion a1one. The

concentratlons used by Kosarek (1926), and Kosarek and Ïllnston (1977)

fell wit'hin and around the range tested by Cardln and llason (1976).

Cardin and Mason (1976) t¡aO noted that there was no actlve transport at



similar high Mo concentratlons. Thus, it is possible that norybdat,e is
noved by diffuslon and by active transport. At hlgh concentrations,

acüive transport cont,rfbutes 1ess to Mo absorpt,ion.

Morybdenr:.n, as norybdate, partlarry inhlbits sul-fate transport in
the rat int'esü1ne through competition for the sâme carrler (Cardin and

I'lason, 1975). I'Ihen saIl pieces of ileun fron sheep were incubated,

l"fason and Cardln (1977) found t,hat added sulfaüe (SO4-e¡ and copper

(Cu+e¡ partially lnhibited Mo transport.

Desplte a Iow apparent absorptlon, nuch of the Mo that does beccne

absorbed ls excreted 1n the urine. Scme Mo 1s also excreted lnt,o the

b1le and in nllk (Hansard, 1983). The prlncipal route of Mo excretlon

ln steers Ís feces (8e11 et al., 1964; Miller et aI., lgTZ). In Z days,

the fecaL excretion of an oral dose of 99lto adnlnistered to steers

averaged 92.41, whereas urinary excreti.on averaged 4.51 (Bell et aJ-.,

1964).

2.2 The cooper x Molvbdenun x sr¡lfur rnterrelatlonshio

2.2.1 Introductlon

The lnterrelatlonship beùween Cu, Mo and sulfate was first, reported

by Dick and BuLl (1945), and Dick (1952, 1953a, b, c). The metabolic

interact,ions arnong cu' Mo and S have been researched extensÍvely. over

the last 40 years, lhls lnteractlon has perhaps aÈtracted more inùerest

and attention than each of the elenents separabely.

:ì

:

:ì
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A physloroglcal cu deficiency can result fron this conptex

lnteractlon anong cu, Mo and s. The diet,ary cu is converbed into
blologically unavallable and lnsoluble complexes bot,h at the gut and ab

the systenlc level (Ìlason, 1981).

I{h1le Mo and S bot,h have dlrect effects on the avallability of Cu,

many aspects of the three-way lnteraction have been rationalized by t,he

chenlcal- reactlon between nolybdate and sul_fate in the runen. The

products of such a reactlon, naraely thlcnnolybdates, are t,hought to
reduce the avallabllity of Cu in both the gut and interfere with Cu

netabollsn sysüenfcally (!ãson, 1981).

2.2.2 Mo - Cu Anüaconism

Molybdenosls, hypocuprosls and conditional Cu deflclency are all
tenas used to describe a netabollc dlsturbance caused by a hlgh intake
of Mo (I{ard, 1928). The antagonlstic effects of dleta¡y Mo upon cu

netabolism in nuinants are well kncr¡n. The cllnical synptons which

follcry are econonicarry inport,ant and include: poor grcnth, reduced

feed intake, lnfertllity, dfarrhea, anemia, and bone abnornaLities
(Pitt, 1976; undenrood, lgTT t Hard , lglg). rn nost cases, these

synptons are accotrpanied by changes in tissue and blood cu

concenürations, and can be allevlaùed by approprlate adninlstration of
supplenentary Cu (Suttte 1993).

There are inter-species dlfferences in response to excessive

dietary Mo. Non-rr¡nlnants are relatively insensitive to Mo, whire

run j.nants are exürenely sensltive. cat,tle are bhe least, tolerant,



follcned by sheep. Rats, rabblts, pigs and pourtry, âs ¡o¡-r.unlnants,

are next 1n order of tolerance (pltt, , 19T6).

The ratlo of Cu to Mo 1n the diet 1s very lnportant 1n avoldlng a

Mo toxj-city, or a cu def iclency (Mlrtfnore and r4ason, 1gT 1; Arlcray,

1973). There is disagreement as to what the exact or approprlale ratio
should be. Mlttinore and Mason (1971) inAtcated that the crlticat Cu:Mo

ratlo in the diet shouLd be 2.0, and that a dleüary cu to Mo ratlo of

less than 2:1 resu-lts in a condltioned cu deflctency. Alloway (1923)

suggested that a ratio cLoser t,o 4:1 is necessary for avolding
hypocuprosis.

Dleüary levels of Mo, rcr¡er than g rog kg-1, lnterfere wlth cu

netabolisn. Suttle (1974 ) reported that, an increase of 2_4 ne Mo t<g-1

decreased the efficlency of Cu utll1zat1on. An increnent, of dletary Mo

of 4 ng ks-1 decreased cu avairablllty by 351, when the basa] dlet
contained 2 ng Mo kg-1. Snall lncreases ln herbage Mo which accompany

pasture improvenent (I{hltelaw et al. , lgTg) or whlch occur naturaJ.ly on

Mo-rich so1ls such as black shales (Thornton et ar., 1gT2) also reduce

the absorbabilily of Cu fron fresh and conserved herbage and Íncrease

bhe lncidence of hypocuprosls.

At a given s concentration, the antagonlstlc effect of Mo was

proportionately l_ess in hay than in fresh materlal (Suttte, 19g6).

rncreaslng the Mo content of both these forage types, hcnever, stlrr
reduced the percent Cu available in each forage.

Studies of the ant,agonisu between Mo and Cu ln runinants have

revealed that when dietary Mo content increases, the way in which Mo
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lnhibits Cu netabollso also changes (So1th and l,tright, 1975i Brenner and

Young, 1978). At relabively lcn diebary contents of Mo, 1n the range of

1-10 ng kg-1 DM, effects are attributable to narked decreases in the

efflclency in whtch dtet,ary cu ls absorbed. Dietary Mo in the range of

2-5 ng t g-1 can decrease plasma Cu concentratlons in runlnants,

conslstent wtt,h the deveropment of cu deficlency (I,li1ls et af . , 1gTT1'

Brenner, 1979). Aü greater Mo intakes, this is not always so. Higher

concentrations of Cu in both plasna and kldneys have been obse¡ved in
sheep receivlng dlets wibh approxinatery 25 ng Mo kg-1, in splte of

lower concentratlon of Cu 1n liver tlssue (Sn1th and l{rlght, 1975i

Brenner and Young, 1928).

rn sheep, dletary Mo 1n excess of 50 ns kg-1 ol.t produced cl1n1cal

sÍgns of cu deficlency (Mason, 1981). Brood and hepatic cu were aE

levels consldered adequate to supply sufficient Cu for enzyme prosthetic

groups and thus nalntaln no¡maL netabolLsn. This lndlcated that, there

was a systenic effect of Mo which inhiblted the dlstribution and

tootlllty of Cu frcm tlssue reserres where Cu has a functlonal role.

Thls situabion can be conpared to ühat arislng frcm a lo¿er dietary

intake of Mo (ress than I ng kg-1 ¡, where the progresslve depletion of

Cu regewes and decreased blood Cu levels develop before the clinlcal

slgns of Cu deficlency appear (Dlck, 1956).

Dowdy and lhtrone (t968a,b) proposed bhat the antagonlsn between Mo

and Cu is due to the fornatlon of a Cu-Mo conplex. They observed such a

ccnplex 1n vitro at a pH range near neutratit,y. uslng x-ray dlffraction

analysis, Dowdy el al. (1969) reveaJ.ed t,his conplex to be stnllar to t,he

:1
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¡nlnerar llndgrerdte, 2cuMo04 cu(OH)e. Thls has been refemed to as

either nCu(II) nolybdater, or as rcuprlc nolybdaten (Hulsingh et aJ_.,

1973, Pitt' 1976). Dowdy et aI. (1969) deternlned that the nolar ratlo

of Cu to Mo in the cmplex was about 4:J, and contalned no suLfur.

Dowdy and Matrone (1968a, b) obsen¡ed that this Cu-Mo conplex

appeared to be absorbed but was netabollcally unavallable 1n the body.

In baby P18s' for instance, the cupric nolybdate conpound was absorbed.

seruu cu levels Ìrere s1n1lar to Lhose in pigs fed supprenentar copper

sulfate. A measure of the activity of ceruloplasmln 1n plaoa h@rever,

indlcated that, the Cu frcm cuprlc nolybdat,e was biologically unavailable

for synthesis of ceruloplasnln.

llhen the cu-Mo conplex was lnjected lnto sheep, both cu and Mo were

removed fron the blood at the sa!¡e rate. Dcrdy and l,tatrone ( 1 968a )

concl.uded ath the Cu-Mo conplex was transporùed as a un1t, 1n vlvo.

Scme early studles (Dcr¡dy

that the Cu-Mo eonplex bound-Mo

Tlssue Mo levels were due to the

pigs than Mo levels due to an

and lbtrone, 1968b) also denonstrated

was turned over slcnly by the tissues.

presence of thfs cøplex were higher in

equal a¡nounb of Mo, present as sodirm

nolybdate.

The Cu-Mo conplex has been examined nore fr.¡lly. Hulsingh and

Matrone (1976) denonstrated that the conplex was not stable 1n serun.

I'lhen cupric nolybdate was added to serun and dlalyzed against sali.ne,

the Cu+2 renained bound within the serrn, while the nolybdate was freely

dlalyzable. Thls obser¡¡atlon suggested that the Cu-Mo conplex does not

exist as such 1n the serun, but that the Cu+2 becones bound to serum
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protelns. Molybdate rernalns, hcnever, as a free 1on. Hr:tslngh and

l4atrone (1976) dfO note cuprlc nolybdabe could exlsü ln n¡nen f1uld.

2.2.3 Sr¡Lfur-Cooper Anbasonism

Sulfur' ln either organlc or inorganlc forns, lnteracts with Cu in
the runinant anlnal and results in Cu deficlency (Suttte, lgTU). This

S-Cu antagonlsm 1s due to the fornation of lnsoluble Cu sulflde (CuS) in

the ruuen' in the gastrolntestinal tract beyond the rrmen, and at the

tissue or systernic level (Hulsingh and Matrone, ]tgTO. copper srrLfide

represents an unavailable fo¡m of Cu at both the gut and systenlc level.

2.2.3.1 Productlon of Sr:lftde in t,he Rrmen

l'flcroorganlss ln the runen are capable of degrading both inorganlc

and organlc forns of sulfur (Le¡¡ls, 1954; Bfrd & Hr.uoe, 1g71; Gærthorne

and Nader, 1976). rnorganlc forms of s whlch are readily reduced to

suJ-f1der lnclude: sulfate, thlosuJ.fate and sr¡J-fltes. Organlc forøs of

S lnclude varlous S-amlno ac1ds, proteins and sulfated polysacchartdes.

Organlc s, accordlng to Hartuans and Bosaan (1920), provldes 60 bo ZOf

of the S ln herbage, as constltuents of S-anlno acids of leaf protelns,

tshlch contain the anino aclds cystelne, cystlne and methlonlne. Sulflde

can also be released frco these S-a.nlno aclds through mlcrobial actlon

(Gar¿thorne and l{ader, 1gT6).

Runinants, as opposed to nonogastrlc species, are abre to genera¡e

Iarge quantitles of hydrogen sr:lflde gas in the reticulo-ruren. this 1s

achleved through the actlon of sulfide produclng bacterla, such as
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DesuJ.fovibrlo, whlch are present, 1n rumen contents (Hulsingh et al.,

1974). Bray and T111 (1975) reported that these bacteria have been

found ln higb concentratlons in the range of 102 to lo8 nr-1 of rumen

fluld in sheep consrmlng sulfate-contalning d1ets.

Sulfate reduction to sulfide occurs through a disslnllatory
patt¡¡ay. Dlsslnllatory reduclng bacterla use sulfate as a ber¡nlnaI

electron acceptor and produce rarge amounts of surfide (peck, 1962).

Hulsingh and !,falrone (197 6 ) lnorcat,ed that the enzyne, adenosine

trlphosphate-sulfurylase 1s the first enzytre fn the dlssinilatory

sulfate reduclng paùhray and catalyzes the activatfon of sulfate by

adenoslne triphosphale to forn adenoslne-5'-phosphophosphate (Aps).

Thls product wrll urtlnabely fo¡"n lrydrogen sulfide. Hulslngh et ar.

(1974) stat,ed thaù these dlssinllatory suJ.fate-reducing bacterla make

the maJor contributlon to the total suJ-fate reduced ln the runen. Thus,

both organlc and lnorganic for"ns of S are broken down readily to sulflde

with fhe rat,e of srüflde productfon belng very rapld.

The sulfide generated in the runen nay be absorbed, detoxlfied ln

the river and incorporat,ed lnto s-amlno acfd. This sulffde may be

precipltated as the heavy netal, cuprlc sulfide (CuS) 1n the rurnen and

ln posf rtmlnal dlgestlve tract, as welL as in the tlssues (!4ason, 1981;

Kandylls, 1984).
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2.2.3.2 Effects of Sr¡Ifur on Copper Absorptlon and Systenic

Effect s

A reduced absorptlon of Cu and detrlnental systenlc effects of

dietary S, 1n elther inorganic forns such as Na2S04, or organlc forns,

such as S anlno aclds have been observed in both conventlonal (Suttle,

1974) and seni--purffied (Suttle, 1975a) diets. These dlets contalned up

ùo 4 g S tcg-1 diet with a lcr¡ dletary Mo level of approxlnately 0.5 mg

kg-1 oiet.

Decreased plasna Cu was reported with both organic and inorganic S

sources when Cu levels were considered adequate. Total plasa Cu was

most narked with cyst,elne, follor¡ed by ¡¡ethlonine (Suttle , 1975a).

Suttle (1975a) also observed that, other Cu parameters such as plama

direcb reactlng Cu, ceruloplasnJ-n, and llver Cu were lcryered with an

lncrease of supplernental S fron 1 to 4.0 g ke-1 diet. Sutt1e (1974)

estimated that S reduced the true avallabillty ratlon of Cu fron 0.062

to 0.041 when S levels were lncreased fron 1 to 4.0 tg-1 dlet.

The addltion of S as copper sr¡lflde, whlch provlded 5 ng Cu ¡g-1 to

the dfet, of hypocupraenic ewes had no fnfluence upon plasna Cu or

haenoglobin (Suttle, 1974). Hcnever, thls sane anount of Cu, provided

as copper sulfate, resulted 1n a hlgher plasna Cu and elevated

haenoglobln levels. Dietary S also had no effecb on repletfon rate when

Cu was given by lntravenous ir¡fusfon. Thls evidence suggest,ed that the

site of the Cu-S lnteraction was wlthin ühe allnentary tract (Suttle,

1974).

ì:ì
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Increaslng dletary S to 4 S kg-1 dlet has an effect on young

growing rrnlnants (Goodrlch and Tj.IInan, 1966a; Adenosun and Munyabuntu,

1982 ) . l¡ith Mo at 0.6 to 2 mg ke-1 dlet and Cu at lcr¡ dletary

concentratlons' an increase of dletary S reduced welght gains and feed

efficiency. fncreaslng S lntakes from 1 to 4 S S tg-1 ratlon also

influenced both cu status and perforuance of young growing lanbs fed

dief s with 0.66 to 2.0 lrg Mo kg-1 , and 4. 1 to 1 Ong Cu tc8-1 . Feed

efficiency' ceruloplasmln actlvity and tl-ssue Cu levels r¡ere loy¡er with

the higher S lntakes.

Elevated dietary S also has been shcÉrn to have an lnhlbftory effect

on cu utll1zatlon by pregnant ewes and cor{s (Mtlts and Fe1r, 1960;

Gooneratne, 1986). There Here subsequent effects upon febal growth,

developnent' l-owered fet,a1 Cu stores and reduced live welghts of both

lanbs and calves.

There ls no sinple correlatlon between sulfide concenbratlons and

soluble Cu 1n the rrnen and tbe avaitabfllty of Cu (Mills et aL., 1978;

Slnpson et a1., 1982). Increaslng the dletary S content frm 1.8 to

3.2 I S kg-1 Ín a senl-synthetÍc dlet, r¡1th 11.9 rng Cu and less than

O.O5 ng Mo kg-1 DM had no effect on the reüention of Cu ln the liver of

young calves (MlIIs eü al., 1977). Such increases in dlet,ary S content

resulted in hlgh rtmlnaJ. sulfide leve1s and decreased content of Cu in

the sorubl-e fractlon of ru¡nen l1quor. A fall fn river cu was expect,ed

but Ml11s et aI. (19TT) concluded that fhls was perhaps a species

difference' calves vs lanbs, or due üo the very 1on Mo content of bhe

basal dlet. An increase in dletary S frcnn 1.8 to 3.2 Ug-1 DM had no
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lnfluence upon Cu retentlon of young growing cattle, unLess Mo was added

to a basal dlet lcn¡ tn Mo (Sinpson et al. , 1g8Z).

2.2.3.3 Cooper Sulfide Fornatlon at the Tlssue Levet

sr,¡rfide 1s rapidry absorbed lhrough the runen warl, oxldÍzed to

sulfate 1n the llver and 1s excreted as su1fate ln the urlne (Hulslngh

and I'latrone, 1976). Tbe enzyne that is responsible for the oxldatlon of

sul-flde to sulfate is suJ-flde oxidase Ln llver tissue. Thls enzyne is
kncr¡n to be dependent upon the content of Cu avaÍlable 1n the liver
(S1egel and Monty' 1961). Copper Íncreases sulfide oxidase activlty
whlle Mo lcnrers it. A reduced sulfide oldase actlvlty reads to
accunulatlon of suLflde ln ühe rlver and bo a preclpltation of an

insolubre cus 1n the rlver (Harverson el al., 1960; siegel and Monty,

1961; Spais et al.' 1968). Copper sulfide fs an unavailable chenical

fo¡'n of Cu.

2.2.3.4 Inflt¡ence of Molybdentm on Rrmen Sr¡J.flde

Molybdenum lr¡h1bit,s lhe rate of reductlon of sulfate t,o suJ,flde in-
vltro (Hutstngtr and !{atrone , 1972) and in vlvo (Gæthorne and Nader,

1976). The enzyne ln the flrst step 1n suLfate reduction fn sulfat,e

reducfng bact,erla 1s ATP-sulfurylase. Thls er¡zyme fs lnhlblted by Mo.

Hmever, hlgb dlefary Mo at 50 Eg lcg-1 enhanced bhe rate of sulfide

productlon fron nethior¡1ne (Hulslngtr et ar., 1975). The in vlvo

equlllbriun sulfide concentratlon 1n the rrmen flì¡1d of bot,h sheep

(l'f1Ils, 1960) and cattle (Hartnans and Bosroan, 1970) lraa hlgher with
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50 ne Mo kg-1 ln the diet. Rrmlnal sulflde concentratlon was also high

(Gawthorne and Nader, 1976) when nolybdate r¡as fr¡fused into the nrnen,

despite the known apparent fnhibit,ion by Mo on sulflde productlon

reported by Hulslngh et a]. (19?5). Thus, a second action of nolybdate

was an lnhlbitlon of sulfide absorptlon fron the rumen (Gæ¡thorne and

Nader, 1976). the lnpalred absorption and turnover of sr¡lfide resulted

ln a hlgh runen sul-fide content 1n the experinent of Gærthorne and Nader

(1976). The concentraLlon of sulfide in the post-rrminal tract was

reported to be 35f hlsher.

2.2.3.5 Effect of Forase Type and Dletan¡ proteln

Much of t'he S 1n feedstuffs is present as S-amlno aclds 1n proteln.

Consequently, sul-flde productlon is dependent upon t,he anount of protein

degraded ln the ru¡nen. Thfs in turn, depends upon the revel of proteln

in the ratlon, the solublllfy of thal protein and the nature of the

forage conslued (Hartnans and Boman, 19zo; I{ard, 19TB; rvan and velra,

1981; Suttle, 1986).

There waa a lcr¡er storage of cu Ln the liver of catil.e grazlng

fresh pasture than 1n cattle fed hay, han¡ested at the sane growth

stage. Both the fresh and conserved hay dlets had slnlLar nineral

contents (Hartnans and Bosnan, 1970). Suttle (1986) denonstrated, wit,h

Mo at 1 ng tg-1 DM, that the effect of s upon cu avairabilily was more

dra¡nat'lc ln fresh grass than s1Iage. Suütle (1986) noted that with each

increnent of S the avallablllty of Cu was always less for fresh grass

than silage. Ivan and Velra (1981) obser'\¡ed that Cu solubility was
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proportlonately decreased 1n both ruaen and abornasal digesta as dfetary

crude proteÍn content increased fron 7 to 191 ,¡Llh a 1o¡ dietary Mo of

1.5 to 1.6 ng kg-1 OU.

Hard (1978) na¿ posturated that hrgh levels of very soluble,

degradable protein ln fresh pasture resulted in foruatlon of cus, a

result of sulfide generatlon frorn S-amlno acids wlthin the ruIten.

Beever et al. (1976) concruded that r¡hen forage 1s dried, runen

degradablllty of proteln was reduced conpared to fresh forage. This

resulted 1n less rtmlnal sr¡lflde production 1n sheep fed hay, than those

g;lven green forage. These facts offer an explanatlon for the synptons

resultlng frorn no¡uat Cu and low Mo lntakes on pastr:re, in addi¿ion to

the effects of forage preservatlon upon the lnduction of clLnlcal slgns

of Cu deficlency in runlnants.

2.2.3.6 Forage, Grain and llater Levels of S

The S 1n pasture can vary frcm 1.8 to 5.0 g kg-1 Ol,t, with the range

of s revers 1n grasses and crovers belng slntlar. rn cert,ain specles,

such as Kale or Brassica oleracea, extrene concentratlons of up to
I g s kg-1 DM have been reported (Metsen and saunders, 19zB; Barry eü

al-., 1981). l,lerry et al. (1983) suggested that dlets 1n South Australia

wfth appreclable qrrantlt,les of cruciferous specles which have Iq¡ Mo,

but hlgh S concentratfons, could induce a Cu deflciency in runinants.

cerear gralns, such as barley, corn and oats tend to be slnllar in s

contents ranglng frcm 1.4 to 2.3 I S kg-1 DM (NAS-NnC, 1994).
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Another source of S' in additlon to organlc S ln feedstuffs and

that which is supplenented ln ratlons, is suJ.fate present in r¡ater. The

leve1s of suLfate found 1n deep weII water 1n nany areas of Saskatcbewan

may be as high as 2ooo ng L-1. The s present, in the nater is loof

avairable 1n fhe rumen, as opposed bo 801 avallable when present as a

dietary supplenent (Gooneratne, 1986). The total dletary s intake to a

500 kg cow, vla both water and the feed cor¡Ld be as hlgh as 0.311

(Gooneratne, 1986).

Toxlclly of S has rarely been denonstrated at levels belcr¡ 2.5 g S

added kg-1 to the diet as sr¡lfate. The additlon of 2 g S kg-1 DM to

dlets containlng 1 g s ¡g-1 DM, hcrwever, can resul t tn a 351 reduction

ln Cu absorptlon (Suttle , 1974, 1975a). Thus, scue of the effect,s of

hlgh sulfate in water could be synptons of a s toxfclty superinposed

upon a Cu deficiency.

2.2.4 Thlonolybdates and Copper Antagonlm

2.2.4.1 Thlmolvbdate Formatlon

Thlomolybdates, with the general fo¡"mr.¡Ia [ltoO¡S14_l¡) ]-2, where

N = 0 to 3' are forued in the runen envÍror:nent (Dlck et âI., 1975).

Essential steps for thelr fornatlon (Dlck et al., 1975) incrude:

( 1 ) Reduction 1n the runen of sr¡J-fate to sr¡Ifide; and (Z) progresstve

reactlon of hydrogen sulfide wlth nolybdate 1n the runen, at relatlvely

neubral pH bo produce thicmolybdates. The t,hlcmolybdates react with Cu

to produce lnsorubre cu-thlcnorybdates. copper, as cu-thtæorybdate, is
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noü avallable for absorptlon and 1s excreted ln the feces. SoIubIe

thimolybdates produced ln excess and not ccmbined wlth Cu wit,hln bhe

dlgestlve tract apæar to be absorbed, and as a consequence, int,erfere

wlth Cu netabollm systenically. Thus, thlcnolybdates are responsLble

for the lnductlon of Cu deficlency in rrminants fed dlets hfgh 1n both

Mo and S content,s.

D1-' trl- and tetra- thionolybdat,es are apparently formed in the

runen, depending on speclflc conditlons (Clarke and Laurie, 1980).

Thlomolybdabes exist in equllibrltm wlth one another. The fornation of

a speciffc thicoolybdate ls crltlcally dependent upon the ratlo of S bo

Mo in the nrnen (Clarke and Laurie, 1980). Under condltlons where the

ratlo ls relatlvely lcn, the formatlon of dlthicmolybdate [Mo02S2J-2 and

trlt,hlmolybdate [MoOS3l-2 1s favored. This wot¡td occur at no¡uaIIy lcn

concentratlons of 1 g S tg-1 and 1 ng Mo kg-1. At hlgher S:Mo ratlos,

and over long periods of tlme, extensive fornatlon of teürat,hlcmolybdate

[MoS4]-2 1s favored. Of atl the fhlmolybdates, tetrathlomolybdate fs

considered the nost potent, the nost stable in the runen (Gooneratne,

1986) and a ve4y effective Cu antagonlst.

2.2.4.2 Svnthesfs and Absorotlon of Thlonolybdates

Evidence for ln vLvo and 1n vltro synthesis of thlonolybdates

(Mltts et al., 1978; Hynes et al., t985; Prlce et aI., 1987) and thelr

subsequent absorptlon fron varlous sftes of the gastrolntestlnal tract

(l,fason et aL., 1980, 1982, a, b; Kelleher et aI., 1983; Hynes et aI.,

1984, 1985) have been reported.
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Mllls et al. (1978) lncubated suspenslons of sieved ru¡nen contents

under anaeroblc condltions wfth þ6tþ arnnqnlun nolybdate to provl-de 5 or

10 ng Mo L-1, origlnal neditu, and S sources to provlde 20-50 ng tota]

S L-1. These condlblons led to the appearance of the charact,eristic

absorption spectrun of the [MoS4J-2 lon 1n the centrlfuged supernatants

of such cuLtures.

The characterlsblc absorptlon spectrrm of tetrathlonolybdate was

noü detected in rumen fluld unless the Mo and S were weII above that

present at nornal dietary ranges of Mo and s (Mrtts et a1.; 1928). The

absorptlon spectrtm of tetrat,hlonolybdate lras nob detected fn the

supernatant of rtmen conlents obtained frm cattle that were malntained

on a dlet, that, conslsted of 5 ng Mo, 11 nS Cu and 3.8 g S tcg-1 DM (Mllls

et âI. , 1978). These authors ( 1978 ) suggesbed t,hat, the

spectrophotooeür1c technlques nere insensitlve to t,hlonolybdates ln vlvo

af dletary concenbratlons less t,han 100 ng Mo tg-1 dlet. The falrure to

detect tetraühlonolybdate was due tn part to bot,h the dirution of

ingested Mo 1n bbe liquid phase of runen contents and the distributlon

of Mo betr¡een solLd and liquld phases.

Thlonolybdate anlons are water soluble (Price and Chesters, 1985)

and are largely associated wlth the parbfculate natter ln runen dlgesba

(Prlce et aI, 1987). llben tetrathlonolybdate was added fn solutlon to

runen contents, 1b rapidly disappeared fron the aqueous phase.

More recently, Price et a1. (1987) provided direct evldence for

thfcoolybdate synthesls r¡1th1n the runen of sheep, under dietary

condltions sinllar to those encountered ln fleld cases of Mo lnduced Cu



24

defÍciency. At 16 hours after lnJectlon of 99UoO4 inlo the rrnen of

sheep naintalned on dried grass (6.2 ng Mo tcg-1 DM, 4.3 g S tg-1 DM),

thlcuolybdabes, mainry trl- and tetra-specles nere identlfled by

Sephadex G25 chrcnatography 1n the runen solids.

The absorptlon of t'hlonolybdates has been denonstrated 1n vivo
(lfason et â1. , 1982a) . A proteln bound, t,richloroacetlc acÍd (TCA)-

lnsoluble 99Mo appeared ln plasua a few hours aft,er lnfuslon of l0 ug

99Mo into t,he rtnen of sheep fed a concentrate dlet supplenented wibh

3 g s day-1. Most of the 99uo cor¡J.d be dispi.aced fron its probein

carrler ln vitro. The dlsplaced labelled cmpounds nere ldenblfied as

d1- and trlthlcmolybdabes. Hcnever, tetralhlonolybdate was noü detected

1n the plasna of sheep. 99uo tabetted d1- and trlthlonolybdates, but

nof tetrat,hlonorybdate were also det,ected 1n the plama of cattle, afber

the infuslon of 99Mo labelred norybdabe into the rurnen (Hynes et at. ,

1984, 1985).

PrÍce et al. (1987) reported that whether fnJected lnto the runen

of sheep as nolybdate or as tetrathlcmolybdate, bound 99l,to that appeared

1n plasna was nainly present as d1- and brlthlo-species. The tetrathlo-

species appeared 1n onry trace arnounts 1n plasna but or¡fy after

lnJection of tetrathicnorybdate. Thls was noted in spfte of the

exlsüence of tetrathlonorybdate as a naJor foru of thlonorybdate in

nmen dlgest,a.

Infusion of 99Uo-tabelled d1-, trl- and tetrathionolybdate fnto the

duodenun (ì4ason et al., 1980; 1982 b) resulted 1n absorption of ùhese

conpounds. KeIleher et al. (1983) found t,hat both tri- and



25

tetralhlonolybdate 99tlo were rapidly absorbed fron the rtmen and

duoden¡n; they were found in the prama in a protein-bound forn. A

signfflcant proportlon of the thlonolybdates survived the acid

er¡vlronnent of the post abcnasal dlgestlve tract. This occuryed in

spite of thelr sensitlvlfy to acld hydrolysis and the absorptlon process

itserf (l,fason, 1981; clarke and Lar:rJ-e, 1980). Kerreher et al. (1993)

observed that Mo fron thionolybdates bhat nere absorbed fron the

duodenum' was detected 1n plasa in larger qr:ant,lties 1n the TCA-soluble

fracti.on, 1n addltlon to the norrnarly high Mo component ln the TcA-

Lnsoluble fractlon.

2.2.4.3 Effects of Thlcmqlybdates on Copper Availabllitv: Gut

and Systenic Sites of Action

1\ro separate sites of actlon of ühtcmolybdates in reducing cu

avallablllty have been demonstrated. First1y, thinolybdat,es react with

cu and lead to a reduction in cu absorptlon with a resultant

hypocupraenla. Secondly, absorptlon of excess t,hionolybdates fron the

dfgestlve tract w111 result 1n a lowered avallabfrity of cu

systenlcally, at, varlous netabollc sltes of action. These actions of

thicnolybdates have been noted in sheep and cattre (l,fason, 1981).

scoe lnportant aspects of the effecls of thlcmolybdates and, or

high dietary levels of both s and Mo, on cu absorptlon, cu netaborisn,

and ul-tinately anlnal perforrnance have been noted:

( 1) Mature cat,tle and sheep, and growlng ruml_nants respond
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(2)

slnilarIy when fed dlets containlng high levels of both Mo

and S

The effect, of high Mo and high S on Cu absorption in

rrmlnants has been nlnlcked by bhe addition of pre-formed

thlnolybdates to the diets of nmlnants and non-rurainants

such as rats (M111s et al., 1978; Bremner and Young, 1978)

HiSh Mo and S or tetrathiomolybdate, and theÍr effects upon

absorption of Cu, result in lower plasa and liver Cu 1evels

and reduced enzyne actlvity of cerr'tloplasmin. These may

occur when the diebary Cu levels are thought, to be adeqr:ate

(Goodrlch and TilInan, 1966b; Mi1ls et aI., 1977, 1978;

Adenosun and Munyabuntu, 1982; Robinson et âI., 1987;

Wittenberg and Bo11a, personal connunicatlon) .

Addit,ion of hlgh Mo and hÍgh S levels to the dlet, 1n order

to nlulc the effects of thiæolybdates lead to decreased

aninal perfornance, reflected by poorer growth rates

(Adenosun and Munyabuntu, 1982).

l{111s et al. (1982) suggested t,hat [MoS41-2 is a nore effect,ive

lnhibitor of Cu absorpt,lon than any of the part,la1ly subst,ltuted

nolybdates. Also, IUoS41-2 1s a nore effectlve lnhlbltor of Cu

absorption, bhan sulflde (Mftls et al. , 1982).

The absorptlon of Cu frø the dlgest,ive tract nay be reduced by the

foruation of Cu-t,hlonolybdate-protein ccmplexes ùhat are poorly digested

and absorbed (Gawthorne et âI. , 1 982) . Gawthorne et al-. ( 1982)

suggested ühat, condltions for the formatlon of conplexes and

(3)

(4)
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lnteractlons wouJ-d be partlcularly favourable 1n rtmÍnants because

the long rebenblon tl-me of digesta, suJ.flde concentralfon and neutral

of the runen er¡vironnent.

0nce fhionorybdates are absorbed, partlcularry as di- and trl-
specles (Prlce et aI., 1987), they blnd rapldly to prasma protelns that

exhlbit increased reacblvlty toward Cu lons. Thlcmolybdates blnd bo

prama proteins such as alburn1n, in vlvo. rn a bound forn, the

thlonolybdate proteln conplex ls relatlvely stable (Kelleher et aJ..,

1983; Hynes et aI., 1984).

Infusion of thlmolybdates led to the appearance of a TCA-lnsoIubIe

fractlon which had a Sreat affinlty for Cu. The lncreased proportlon of

Cu assoclated with the albunin results in an altered systenic netabolls
(Hynes et âI., 1984). Hynes et al. (1984) concluded t,haf the

accunulatlon of Cu on albunln does not occur because of a dlrecb

lnteraction with t,hlornolybdates that are carried on albrmln. It ls nore

rfkely the resurt of a nodificabion by bhlcnolybdates of the way in

whlch Cu ls bound to the albr¡n1n molecule.

2.2.4.4 Effects of Thimolybdates on Copper Excretion

Gooneratne et al. (l98la, b) established lhaü thiøolybdates, when

lnJected lntravenously, reduced llver Cu levels 1n sheep and l-ncreased

Cu excretion vla the urlne and feces. they had stated that Cu excreted

ln the feces was derlved fron (a) billary excretion, (u) endogenous

secretions of sal1va, gastric and lntestlnal Juices, and (c) exogenous

excretlon of unabsorbed dietarv Cu.

of

pH
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B1Ie has been consldered to be a maJor patbway for excretfon of Cu

frorn tbe body (Undentood, 1977). The effect of thlcnolybdates upon loss

of cu v 1a bil e lras e:<anined nore f ul1y. Gooneratne et ar . ( 1995 )

report,ed that birlarxr excretion of cu increased 1.5 to 3-fold in sheep

inJect,ed lntravenously wlth thfcnolybdate. The effect r¡as dramatlc and

the peak Cu concentratlon 1n bile was reached 3 hours post-lnJectlon,

indlcatlng the efflcfency of thicnolybdate 1n increasing blllary cu

excretion. the excretlon proffle of Mo follcmed the same pattern. This

lndlcated that both cu and Mo were apparently excreted as a cu-

thlonolybdate cmplex. Gooneratne et al. (1985) suggested thab a Cu-

thlcmolybdate conplex, a TCA-lnsoluble component, sinllar to that in the

plasma' ls forned in the llver and then excreüed 1n b1le. This was

supported by the coincldence of the Cu and Mo peaks tn both plama and

bfle, whlch occurred at approxinatery 12 hours post-lnJectfon. Thus,

evldence for enhanced excretion of Cu by thlonolyMates v1a the blliary
route has been reported.

rn a subsequent study, Gooneratne et al. (j986) lnJecteo sheep

intravenousry wlth 67cu, forlowed by an intravenous dose of 99uo

Iabe1led tetrathlæolybdate after 27 hours had passed. These sheep were

fed diets with e1üher 5 or 35 ng Cu kg DM-1. Tetrathlonolybdat,e

increased both 67Cu and st,able Cu excretlon two to three fold in the

b1le. Furtheruore, t,etrathlæolybdate lnduced a naJor shlft of Cu int,o

hlgh nolecular wetght proteins havfng a nolecular welght greater than

80 ,000.
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Tetrathlonolybdates lnduce a negatlve Cu balance in n¡mlnants two

ltays: (1) by prmoting blllary Cu excretion; and (2) by lncreasing the

percent of Cu 1n the nacrcmolecular fractlon of bfle, thus Ilnlting

enterohepatlc clrculatlon of Cu.

2.3 Phvsiologv of l,flneraJ. Absorptlon: A General ûvery1ew

2.3.1 InÈake of Minerals lnto the Digestlve Tract,

l.finerals enter the dlgesbfve t,ract through exogenous and endogenous

routes. Exogenous routes lnclude lntake of feedstuffs, water, soll and

pre-formed nlneral supplernents. Endogenous routes lnclude salivary,

pancreafic' billary and lnüestlnal secretlons, as neII as desquamatlon

of lntestlnal ce1ls.

2.3.2 I'flneral Absorptlon Evenùs

ìllneral absorptlon can be thought of as three events, whlch follow

a speciflc sequence (Rosenberg and Solornons, 1984):

( 1 ) Lr¡nlnal Events whlch govern the preparatlon and dellvery of a

nlneral for UPTAKE lnto the ce1Is (enterocytes) of the

dlgestlve tract;

(2) Hucosal Events that determine the TRA¡¡SFER of a nineral

through the celL to the basolateral surfaces; and

(3) Post-Absorptive Events whlch govern bhe TRANSPOnT and

dlspositlon of t,he nlneral lnto the nesenterlc ctrculation

to¡ard the llver and perlpheral tlssues.



30

In runlnantsr runlnal effects play a naJor role ln the release of

ninerals, a result of the breakdcr¡n of feedsüuffs through nicrobfal

actlvity.

2.3.2.1 Rruinal Events

Once lngested, feedstuffs enter the retlcul-o-ru!ûen where they

undergo pre-gastrLc nodlftcatlon. tlhlle resldent in the rumen,

feedsluffs are broken down through nasbicatlon or nminatlon and by

fe¡uentatlve actlon of nicrobial populatlons untll feed particles are

s¡nalI enough to pass to the Icr¡er dÍgestlve tract (Oldhan, 1985).

Through these lnltlal processes, nlnerals are released, becone

solublllzed and becone avallable to the nicrobial populatlon ln the

runen dlgesta (Playne et aI., 1978).

Mlnerals ltlthin the nlcroblal fractlon are assoclated w1üh

ni-croorganlsus in several ways (Durand and Kawashima, 1980). Both n¡acro

and trace elenents are present 1n nicroorganlsos through an association

of the elenent wllh the cell surface or cytoplamic nembranes, and to an

upfake' an lnf1trx process. Varfous factors lnfluence the assoclatlon of

a nlneral elenent wltb a nlcroorganlsm. These factors lnclude runlnal

PH' the blndlng ablllty of that nlneral r the extent of release of a

nlneral fron feedstuffs into a soluble or avallable forn for the

mlcrobes, and the nature of the nlneral fn qrrest,lon.

Dlfferences between the ext,ent of nlnera1 release (Playne et â1.,

1978¡ Rooke et aI., 1983; Van Eys and Reld, 1987) and bhe in vivo

solublllty of mlneralsr as well aa bhe concentratlons of soluble
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Binerals ln the runen cont,ents have been denonstrated for both nacro and

trace elenents for varlous diets (Yano et al., 1979, Ivan and Velra,

1982; Ivan et a1., 1983 a, b). A dynanlc equllibrlun exlsts between

minerals 1n the free, soluble state and those that are Ln assoclatlon

wibh the solid rtmlnal digesta phase which includes runen mlcroorganisns

and undegraded feed residue (Durand and Kar¡ashima, 1980).

The digesta leavlng the ruuen contalns food particles whfch are

smal1 enough to leave. l{lcrobes can be attached to these partlcles or

are 1n the fluld phase of dlgesta (Oldhan, 1985). l4lnerals are found

distrlbuted ln these fractlons. Rtmen dlgesta enters the abcmasum (true

stcmach) where there is further dlgestlon and breakdown of feedstuffs

for subsequent absorptlon in the lunen of lhe segnent,s of fhe lntestlnal

bract (CoIe & Garrett, 1980).

2.3.2.2 Ltmlnal Events

Af ter lngestlon and subseqr:ent rrnlnal events, donlnant lntra-

lunlnal events 1r¡volve tr¡o naJor procesaes (Rosenberg and SoIonons,

1984). The flrst process fs a freelng of the nlneral fron fts

assoclatlon wlth the naürlx in the orlglnal feed or ln nicroorganlsns

into a forn sufficlently soluble to be absorbed. Secondly, there is

propuJ.slon of the mlneral to the appropriate gastrolntestinal segnent in

order for absorptlon to occur.

Digestlon of protelns and dfssolutlon of salt crystala are

lnportant proceases. Proteolyttc digestlon of bot,h netalloprotelns and

netaJ.loenzymes is essentlal to the llberatlon of proteln-bound nlnerals
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(Rosenberg & Solonons, 1984). Gastrlc acid and the prevalling

conditlons of the abcnasun are lnportant for naklng such nacrcmlnerals

as ca, !'tg and P avallable for absorpüion (Maynard et al., 197gi Field,

1981; Georgievskll, 1982; Rosenberg and Solonons, 1984).

The oxldation state of a nlneral Ls a dete¡nlnant of lt,s solubillty

and of its subseqrrent uptake. The pH of luminal contents and the

nlcroenvlronnent of the unstlrred layer adJacent to the brush border

also lnflt¡ences the ava1lab1l1ty of ninerals wlth variable valence

states such as Cu and Fe (Rosenberg and Solæons, 1984).

Intraltninal nineral blndlng nolecules or llgands of endogenous

origfn nay assist the dellvery of a mlneral to the nucosal ¡nenbrane

(Evans, 1976; Brenner and MlIIs, 1981). These nolecuJ.es act to reduce

the susceptlblllty of the nineral to a fornatlon of a conplex and the

preclpltatlon of ninerals wfth oùher dletary factors. fn turn, llgands

nay provide for an asslsted uptake of the nineral-.

The lunen of the gastroinùestlnal tract contalns free netal, low

and h18h roolecuLar welght chelates of the netal, metalloproteins, and

other ligands. Dependlng upon the stabllity constant, (whtch deflnes the

relationshlp betr¡een a nlneral and a llgand) of a ligand, ühe netal in

questlon' the concentratlon of other metals, a conslderatlon of

1nsolub1l1ty and adsorptlon characteristlcs, a nelr dynanic equlllbrlm

nay be establlshed 1n lhe lurnen (Kratzer and Vohra, 1986).

Intracellular proleins such as transfemin nay act as Ir¡¡nen-to-celL

shuttles for lnorganic, nonbene forms of Fe and Cu (Ash¡oead and Chrlsty,

1985).
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2.3.2.3 Mucosal Events

The uptake of ¡ninerals across the mucosal nenbrane is a passive or

an actlve process. these processea are arso responslble for the

transfer of nfnerals across the lateral or basaJ. menbranes to the

lntercellular space and capltlaries (Rosenberg and SoImons, 1984).

Experlnenüal phencmena lncluding saturable transport or conpetltlve

lnhibttlon and denonstratlon of genetlc transport defects lndl-cate that

speciflc channels or carrlers are lnvolved ln the upüake or transfer of

some ninerars. Hhen the transport ls concentrative, sone forn of

energy-requlrlng npumpn that 1s elther speclflc for bhe nfneral or

shared by other nutrient or non-nutrient nlnerals nust be lnvoked

(Rosenberg and Solcmons, 1984).

Once a nlneral enters an enterocyte, 1t nay follcr¡ one of several

rouües of ut,lr1zatlon. It may be approprlated by the celr itserf for
lüs own nutrltlonal and netabolic needs, 1t nay be designated for

rerease lnto the body as a systenlc nutrient or 1t nay be trapped and

withheld frcn boüh netabolic pathways of the celI and bhe transfer

pathrays through the cell lnto the bod¡r. Both translocatl_on and

parfitloning of nlnerals appear to be nediated by speclfic carrier

protelns wlthin the ce}l. rn addltlon, the lrreverslble captr:re of a

mlnerar not required for use either by the enterocyte or for the

nubrltlon of the host fr¡volves Lntracell-ular blnding proteins (Rosenberg

& SoIonons, 1984) Met,allothloneln may play such a role for Zn
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(Couslns, 1979), ferltln for Fe (Hr¡ebers et aI., 1g7g) and Ca-blndlng

proteln for Ca (Pansu et, al., 1981).

2.3.2.4 Post-Absorpt,ive Events

The transportatlon of a nutrlent alray from the fntestinal
epothellrn to body tlssues lnvolves the partlcipatlon of blnding

proteÍns. These are clrculatlng protelns of sysbenlc origin. senm

albumln and lransferrÍn are non-speclfic and speclfic transport
proteins' respecù1very, for varlous nlnerars (Bre!ûner and M1r1s, 19g1;

Georgievskll, 1982¡ Hansard, 1983; Rosenberg and solonons, 1984; Kratzer

& Vohra, 1986).

2-3-3 Effects of Diet,arv consttt,uents on Absorption of vari-ous

. I'lineral s

Both dietary constlluent,s and the cheuical forn of a nlneral in the

dlet influence nlneral absorpülon.

2.3.3.1 Cooper

The absorptlon of Cu ls influenced by bhe chenlcal forrn of Cu.

Copper ln porpWrln ccmpounds and copper st¡lfide are poorly utillzed
(Georg1evskll, 1982). Lassiter and Bett (1960) reported that wlth

sheep, bhe cu in cu-wire was largery unavalrable, while cu in copper

oxldes was less available than that in water soluble Cu salts or the

carbonate fo¡:n of Cu. In turn, Chapoan and BeIl (1963) reported that

.l'
lti
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the relatlve appearance of 64Cu 1n the blood of catil.e was 1n the order

of : CuC03 )Cu ( N03 ) 2)CuS04 )CuCl 2) CuO ( por¡de r ) )CuO (needles ) )Cu (r¡lre ) .

changes ln the chenlcar forros of copper in prants affectlng
ava1labll1ly also occur because fresh green herbage ls less effectlve 1n

pronoting body Cu stores than hay or drled herbage of equlvalent total
cu conüent (Hartrnans and Booan, 1920). Apparentry, changes in the

chenical forns of ühe Cu occur durfng the curlng or drying process whlch

inprove thelr absorptlon.

The avallabfllty of Cu not only differs beüween forage forns, hay

vs fresh grass, but also dlffers dependlng upon forage specles and

composition of the ratlon (Grace, 1gT5; stevenson and unsnorth, 19zg).

Grace (1975) reported bhat the apparent avallablllty of Cu fron fresh

perennial ryegrass and r¡hite cLover was 30 and 34f, respectlvery, whlre

1t was only 9f frco red clover. Stevenson and Unsr¡orlh (1978) observed

when the relatlve proportlons of ground stran, ground barley and drled

grass neal 1n the ratlon were varled, the avatlabllity of the dletary Cu

was less variable and ranged frm +6 to -151.

The absorptlon of cu ls arso relat,ed bo the nutrlt,ionar quallty of

the raü1on. The nethod of processlng the cereal conponent of the dlet,

can also Ínfluence the results obtained (Bertonl et al., 1976a; Lanand,

1 978) .
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2.3.3.2 lhnganese

Manganese exi.sts as the lonlc forn 1n feedstuffs (Georgievskll,

1982). The exact chenlcal forn(s) of ltn 1n forages and bhelr effects fn

the runlnant are largely unknown.

Dlfferences ln Mn ava1labll1ty have been found when a range of

ratlons have been fed (Grace, 1gT5; Bertonl et â1., 1976a; Ivan and

Grleve, 1976). These dlfferences d1d not appear, however, to be related

fo a particuLar factor. Apparent, Mn absorptlon was dlfferent anong

various sllages fed to sheep (Ivan et aI., 1983a).

2.3.3.3 ZLnc

rnorganic sarts of zn have a hlgh avallabirfty in the gut of

rLufnants (NAs-NRc' 1984). The chenlcal forus oî Zn 1n gralns, plant

protefns and forages are consldered only falr, in t,erms of avallabillty

and utillzatlon (J1nenez, 1980).

l4arked dlfferences ln the apparent Zn absorptlon by nature dairy

ccÉrs fed ratlons containlng grass and rolled barley, ground pelreted

matze, or ground pelleted barley were noted by Berüonl et aL. (1926a).

Availablllty of Zn frcm the dlet cont,alnlng rolled barley was narkedly

greater than fron e1ùher of bhe other üwo dlets. Dlfferences in

apparent avallabillüy of zn 1n pasture forages (Grace, 1975) and

dlfferences 1n the apparenù absorpüfon of Zn frorn various sLlage types

(Ivan et, aI., 1983a) have been observed.
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2.3.3.4 Ïron

Rtmlnants can utillze the nonhene Fe present 1n plants and so1l

(Hansard, 1983). The Fe fn feedstuffs is nore readlly assinllated than

Fe of anlnal origin. The assinllation of hene Fe that has been found 1n

feedstr¡ffs is thought to be poor (Gieorglevskl1, 1982).

Ferous Fe is absorbed to a nuch greater degree than ferric Fe.

Reduction of the ferrlc lon to ferrous Íon occurs in the mall intestlne

before absorption (Unden¡ood, 1977).

Anmernan et al. (1967) have ranked Fe sources ln decreasing order

of avallabillty, as ferrous sulfate, femous carbonate, ferric chlorlde

and femic oxide. Thcmpson and Raven (1959) reported that the Fe ln

grasses and legurnes was less avallable than ln ferlc chlorlde.

2.3 .3 .5 CaI ciu¡n

The true digestiblllty of Ca varj.es ln feedstuffs (NAS-NRC, 1984).

Calcltm 1s nor"Bally bound to protelns and organlc acid anlons in plants.

The Ca 1n carbonate or phosphate 1s readfly avallable for absorptlon

(Georglevskll, 1982).

2.3.3.6 Phosphorus

Pbosphorus occurs 1n organlc and lnorganlc forms in feedstuffs.

Varlous feedstuffs have differenb ava1lab111t1es of P (FieId and

l{oollians, 1984) and val ln their true dfgestibÍliüy of P (NAS-NRC,

1984).
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The avallablllty of P fron lnorganlc P supplenent,s has been ranked

(Peeler, 19TZ) hfghest available to Ior¿est available as: dicalclun

phosphate, deflourinated phosphate, bone neal and soft phosphate.

Sodlu¡n phosphates and ¡nmort.ltm polyphosphate are approxünately equal to

d1calclu¡a phosphate ln P avallablllty. Orthophosphates are rnore

avallable than netaphosphates and pyrophosphates. Although phytate P is

unavailable to monogastrlcs (Maynard et al., 1979), nmJ.nants are able

to use this fotr of P sablsfactorlly.

2.3.3.7 ldagnesiu

MagnesJ.un 1n feeds ls bound to protelns, anlons of organlc acid

ccmplexes and other organlc cæpounds (Georglevskll, 1982). Feedst,uffs

vary widely 1n their ava1Iab1l1ty of l{g. Hcnever, the avallablllty of

l,fg lncreases nlth increaslng plant naturlty (Undenrood, 1966).

Magneslum carbonate, oxide and sulfate are considered good,

available forms of supplenental Mg. The Mg in nagnesite and dolonltic

llneslone Is not readlly avallable to cattle (Gerken and Fontenot, 196T i

Ameman and Chicco, 1968).

2.3.4 Physlolocical Factors

The percentage of dietary nineraL thab 1s absorbed varÍes 1n

relatlon to changes in dietary Ievel and physlological needs.

Physlological facüors whlch lnfluence nlneral absorptlon include age of

the an1maI, nlneral status of the anl¡al and physlological dæands such

as growth, pregnancy and lactatlon.
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2.3.4.1 Age and Grobrth

MfneraL absorptlon ls both hlgher Ln absolute value and nore

efficient J.n young versus older anLnals for nany nlnerals. The apparent

avallabirlty of cu was hlgher ln young, n1lk fed rrelnants, conpared to

nore nature, adult rmlnating ani_mals (Sutt1e, 1975b). I{1th lanbs, bhe

efficlency of cu absorptlon r¡as reported at T1l at 28 days before

weanlng, 471 at 14 days before weanlng, but only 8-1of after weaning

(Suttle' 1975b). llith calves, the absorpblon frqn nouth to duodenrn,

nouth to ileum, and nouth to anus in ¡011k fed anlnars was 10, 59 and 68f

respectively, conpared wJ.th 10, 19 and 271 post weanlng (Brenner and

Davles, 1980). The decline 1n absorptlon fron the mall intestine lras

nalnly responsible for the decrease in net Cu absorptlon after weaning

(Brenner and Davles, 1980).

CaIves which suckle possesa an efffclent mechanisn for Cu

absorptlon (Bremner, 1980). The absorptfon coefficlent of Cu for calves

1s 0.7 whlle for mature cattle, only 0.04 (AnC, 1980). Higher

absorptlon of Cu by young calves, as opposed to naüure cattle was due to

a h18h retenülon of Jnnobile Cu l-n the intestlnal walls whlch l-aüer

becones nob1le when the anlnal ls weaned (Brenner, 1980).

In aduLf rumlnants, the absorptlon of Zn 1s 20-40f of intake, while

1n young anlnals, bhe relative absorptlon 1s hlgher (Georglevskli,

1982). In dairy caltle, l,flller and Cragle (1965) reported a difference

1n absorpù1on dt¡e to age of anlnals. The apparent absorptlon of dietary

Zn in nature dairy cattle was 121, conpared Eo 201 in 5 to 12 nonth old
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calves of the sane breed nalntalned on the sâne ratlons. !411ler and

cragle (1965) concluded, that the effects of age per sêr could not be

separat,ed frm dlfferences of grcnth rale. Bot,h age and grcnth rate,

thus have an effect on zn absorption (Mirrer et al., 1968; stake et al.,

1 973) .

The absorptlon of Mn also decreases wibh age (Hansard, 1983).

Hclever, the absorptlon of l,tn ts IcÉr and the efffciency with nhich l,fn is

absorbed by cattre remaÍns unchanged over a very wlde range of Mn

fntakes (Sanscn et al., 1978).

rncreased absorptlon and efffciency of absorpüÍon for macro-

mlnerals, such as Ca (Bralttsalte and Rlazuddin, 1971), P (BrattÏmalte,

1975) and Mg (snttfr, 1962) have been reported for youn8, grcrulng

rrninant,s wlth hl8h denands for these nlnerals.

2.3.4.2 Mtneral Status

Mlller et aI. (l9ZOU) found that the apparent absorptfon of a

single dose of 65Zn dec.eased as dleüary Zn contenl lncreased frc¡¡ 33 to

633 Eg kg-1. Thls effect was due to dletary Zn content, and not Zn

stalus' as all anl-nals were fed the sane ratlon before the experlnent.

CaLves of lcr¡ Zn stalus (Pate et al., 1970), whlch r¡ere rnaintained on a

Zn-deflclent diet, absorbed 65zn rore rapid.ly and to a greater extent

r¡hen dosed duodenarry wibh 657.n, than dtd Zn-repreted calves fed a

simllar d1et.

The absorptlon of Fe ls largely dictated by body needs. Absorptlon

prays a naJor rore ln Fe hcmeostasfs (unden¡ood, igTT). Once Fe is
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absorbed, 1t 1s tenaclously held by fhe body and not excreted to an

appreciable extent. Thus, givea an adequate supply in the dlet, an

anlnal regulates Fe absorptlon in accordance r¡1th lts physlologlcal

needs.

Adult aninals generally absorb 5-101 of the Fe in naturar feeds,

but thls proportlon nay reach 15-201 lf bhe dlet is deficient in Fe,

durlng fntense erythropoiesis and durlng depletlon of Fe reserves

(Georgj.evskfl, 1982). Onfy 2 to 2ol of an oral 59Fe dose was absorbed

by no¡ual aninars, while 20 to 601 was retalned during dlet,ary Fe

deflclency (Hansard, 1983). The absorptlon of Fe 1s higher ln anenla

condltions due to deflcfency and dlsease (Stake, lgTT).

CatüIe and sheep deflcient and/or fed lcr¡ levels of Ca, Mg or p

denonstrated lncreased absorptlon of these nlnerals (Snibh, 1962;

Brafthwaite, 1975:' schnefder et af., 1985). schnelder et al. (1985)

reported that the percentage of 32p absorbed was higher ln sheep on lcn

P diets. There was an lncreased P absorptlon when dlets of P deflcient

sheep were supprenented witb P (Young et aI., 1966). The absorption of

P rose for tbe flrst 1 1 days and then ferl to rates ccnparable to

control sheep fed on P adequate diets.

2.3.4.3 Pregnancy and Lagtatlon

The denand for varlous elenenùs

or lactatlng. Davles and Ìlflllans

slngle lntragast,rlc dose of 64Cu was

with only 261 by non-pregnant, ones.

is higher when anlnals are pregnant

(976) denonstrated that 541 of a

absorbed by pregnant rats, conpared

The quanüity of Zn absorbed frcm



.t-a-

42

lsolated loops of duodenrm frcm pregnant rats lncreased up to 80f 1n the

late stages of gesùallon, but not at earller stages ('tZ to 15 days),

when f etar denand f or zn was l-ower (Davles and l{irlians, lgTT).

Lactatlon also lncreased boùh the amount and efficiency of Zn absorptlon

(Neathery et al., 1973i Kratzer and Vohra, 1986).

The percentage of Ca absorbed frcm the snatl lnlestlne of dalry

cotrs lras higher 1n response to the onset of ractatlon (care et ar. ,

1980). Care et al. (1980) observed a posltive linear relationship
between ùhe percent,age of absorption of ca and the rate of mirk

secretfon. I¿ r¡as calculated that 80f of the lactational loss of Ca was

conpensated by an lncrease Ín the efficlency of Ca absorptlon.

2.3.5 Influence of Genetlcs on Absorptlon of Specffic Mlnerals

2.3.5.1 Int,roduction

The efflciency of ¡oineral absorptlon fs subJect boüh to systentc

and to randon varlation. A varlatlon due to genetic dlfferences eå,n be

large for certain nlnerals, and 1s the nain reason wþ certain anlnals

do not absorb optinr¡n quantitles of speciflc mLnerals frm thelr diets

(F1etd, 1984).

A requirenent for nlnerals nay vary between breeds and a¡nong

lndlvlduals of the sa¡ûe breed. This evldence has been based upon an

estlmate of an effect of genetic variatlon upon the fncidence of

disorders associat,ed with the netabolisn of ninerals and in the

concentraülon of nlnerals 1n bobh blood and varlous tl-ssues (l{1ener,
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1979). The effect of a between ar¡lnal varlation upon the efflclency of

absorptlon of ninerals frcn the diet is not inportant for aII eletaents.

Most of lhe lnfornatlon relatlng to the effects of anlnal varlatlon

relates to P, Mg and Cu.

In the last few years' a ner¡ tool has becone avallable for studylng

the genetlc control of nlnerar netabollsn. sheep and cattle of very

sinllar or the sane Senotype can be produced by blastonere separatlon by

cleavage from 4 and 8- cel1 enbryos (1.e. clonlng), folrowed by

transplantation of the nlcrcoanlpulated enbryos to ewes, one to two days

after oestrus. The vtablrity of the embryo is such that nonozygotfc

tr¡1ns are produced. A greater nrmber of slngle blastmeres fr@ tr¡o

different enbryos are fused prlor to transprantatlon, and are t,e¡ued

chimaera-derlved (lJllladsen, 1981 ).

In nineral experlments, the use of chimaera anlnals avolds ühe

largest cøponent of individual varlatlon and pernlts an efficient
conparlson of an effect of dlet,ary nodiflcatlon betr¡een nonozygotic twin

sets (Field and l{oolllans, 1984).

2.3.5 .2 Phosphorus

rndivldual animal-s nay dlffer 2-fold in the efflclency of

absorptlon of P frcm the diet (Fleld, 1981). Anlnals lrhich absorb

dieta¡y P wfth a hlgh efflciency excreted p in lhe r¡r1ne.

Phosphorus netabollsn appears to be r¡rder genetfc control (ftetO

and suttre, lgl Ð. A varlatlon 1n urlnary excreblon and hence
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efflclency of absorptlon of P was nueh greater between bhan with three

sets of nonozygotlc tnin ccÉ¡s.

Addltlonal evidence for the view that lndivldual differences in p

absorpblon had a genetic basis cane frcn two studies lnvolving chlnaera-

derived trlplet,s (Field et a}., 1983). The efficlencies of absorption

of total P in the dlet l¡ere very si-mllar wÍthin, but trere narkedly

different betneen four sets of triplets. I'fean values for the efflclency

of absorptlon' netabollc requirenents relatlve to lntake l¡ere 0.74,

0.65,0.84 and 0.82. The fractlonal absorption of inorganic p

supplenent had the sa¡¡e ranklng wiùh the mean values of 0.67, o.u7, o.g2

and 0.85, respectlvely.

The avallabillty of P was measured 1n a variety of feedstuffs,

uslng the sane chlnaera-derlved t,riplets (FieId and l{ooll1ams, 1984).

Twelve feedstuffs were used; t,he efflclency of absorption r¡as different

beüween bhe sets of triprets, and between the dlets. There Has no

evldence ùhat, the difference belr¡een the sets was lnfluenced by the type

of dlet, being fed. The rankfng of the sets on each dlet was identical

for 10 out of the 12 d1ets.

2.3.5 .3 !,fagnesiup

Hypæagnesaenic tetany is a dlsease that is conmon in beef cows

graztng Iush spring forages. This

high produclng dairy cows grazJ-ng

nelabollc deflclency of l{g (Greene

may be due to a lcn¡ dleta¡V intake

dlsease also affects large numbers of

on forages and ls characterlzed by a

et al., 1986). Thfs deficlency of Mg

or a reduced avallablIity of dlet,ary
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Mg. Hyponagnesaenia occurs nost freqrrently durlng early lactatlon
(Greene et al., 1986)

Fleld (1984, clting Butrer et ar. 1983) noted that a large

varlatlon between aninals and breeds existed in relatlon to thelr
susceptlbillty to hypøagnesaenla. Part of lhls dlfference was due to

variatlon in the net requlræents of Mg and part of the difference was

due to the differences in the efficiency of absorption of dletary l',fg

anong lndividuals. Keop and Guerlr¡k (19T8) reported variation in
apparent absorptlon of 7-33t and Hutton et al. (1965) reported a range

of 0-371. The Agrlcrrlt,wal Research Councll (1980) has recognized thls

varlability and reco¡nnended a dletary allcnance for Mg.

rt is not crear what part heredity prays in the absorption of Mg.

The contribuü1on of heredlty has been reported by Field and sut,tre

(1979) with nonozygotfc twfn cattle and Field and Hoollians (1984) r¡ith

chl¡naera-derlved sheep. Fleld and Suttle (1979) shcr¡ed that there lras a

lhree-fold dlfference ln the efflciency of absorptlon betr¡een sets of

twins. Flerd and l{oorllans (1984) observed t,hat, one sef of trlprets
always excreted less l.lg ln their urLne than the oüher three sets on each

of 12 dlet's. They concluded that since urfnary excretion represents Mg

absorbed surprus to requlrenents, requlreuent for Mg was apparently

controlled genetically.

These above süudles neasured apparent, and not true absorptlon.

Therefore' part of fhe dlfferences in apparent absorptlon lrere likely
attrlbutable to dffferences 1n endogenous fecal excretlon.
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Sfgnlficant dlfferences 1n the true digestlblllty of Mg anong cot{

breeds and their crosses nere noted by Greene et al. (1986). Brahnan

cattre and their crosses were less susceptible to grass tetany. Thls

was due to an Lncreased ablrfty to nalntafn a hlgher Mg dlgestlbirity, a

contrast to olher beef and dairy breeds. Greene et al. (1986) expralned

that Brabnan cattre had a saLler digestive tract volune, whlch nay be

rerafed to a shorter rtmlnal ret,ention tlme. Thus, there rrras a nore

efflclent absorptlon of Mg.

2.3.5 .4 Copoer

Different breeds of sheep have a different ab1l1ty to nalnlaln

stores of cu 1n their bodles. scme breeds of sheep have a hfgher

efficlency of Cu absorption than others (I{iener et al., 19?8).

l'lhlle no genetic dlfferences in Cu absorption have been reported in

cattle, Rowrands et ar. (1974) and l.liener et ar. (1980) have reported a

heritable conponent bo the varlatlon 1n concentratlons of Cu 1n plasma

of cattle. Ffeld (1984, citing Gtbsonrs r:npublished results) stated

that the Jersey breed of cattre have a hlgher requlrenent, than the

Frleslan. Gooneratne (1986) remarked that a Cu deflciency was observed

nore frequently 1n Srrnment,al cattle than in other breeds. Thls was due

to an er¡banced excreblon of Cu 1n bot,h bile and ur1ne.
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3. HAttsnrÂr.s lÍD llHtgoDs

3. 1 Experlnental Anlmals

Four Holsteln steers, averaglng 235 kg fn weight at the beginning

of the experlnent, were flstulabed 1n the rumen, proxinal duodentm and

terminal llerm (approxinately 10-15 cIn proxlnal frorn the ileal-cecal

Junctlon). Steers nere approxfnately 11 rnonths of age at the beglnnlng

of the experinent. The duodenal and lleal flstulae were each fltted

wlth a soft, flexlble, plastlsol T-shaped cannula. Plastisol plugs were

also prepared in order to prevent leakage and acctnulatlon of naterlal

in the barel of each cannula. The runen flstulae were fit,ted with a

Bar Dianond flexlble cannula (Bar Dlamond, Inc. , Panna, Idaho). AtI

steers ltere glven approxi¡ateIy elght weeks to recover frcm surgery

before the start of bhe experlnent.

3.2 Experlnental Diets

Four experimental pelleùed ratlons were fed to steers, 1n a 4 x 4

Latln Sqr:are Design. All four rations (tabte 1 ) consisted of barley and

chopped hay wlth supplenents. The fow experlnental ratÍons wlth added

ninerals on an as-fed basls were: (l) a basal ratlonwhich contalned no

added Mo or S (Icrl Mo - lcr¡ S, LMLS)| (2) the basal ptus 0.3f added S

(]cn Mo - hlgh S, LMIS); (3) basaÌ plus 10 mg tg-1 added Mo (hieh Mo-

Icr S, HMLS), and (4) the basal ratlon plus 0.3f added S and 10 ng tcg-1

added Mo (hlgh Mo - high S, HMIS). The Mo and S were added as a$monlun
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Table I. Ingredient composition of experimental rations
steers (percent composition on an as-fed basis)

fed to Holstein

Ra tions

I tem LMLS LMITS IIMLS IÐI]JS

Barley
I

Hay -

Molasses

Sodíurn sulfate
3rremr_x

Lines tone
ltSalt'

6t .9

27 .r

3.0

1.0

0.5

0.5

66.6

2t.L

3.0

1.3

1.0

0.5

0.5

67 .9

27 .r

3.0

1.0

0.5

0.5

66.6

27 .7

3.0

1.3

1.0

0.5

0.5

lH"y t"" ground through a 13 nm screen for incorporatÍon into pelleted
diets.

)-NarSOO.5H20 was added to supply 0.3% supplemental sulfur.

3R"aioor for treatments IIMLS and HMls each contained 4.50 g of
¡nrmonium molybdate (l[H, ) - Mo_O^, .4H^0 in 2.
All rations conrained 

qbBth liÉåri"á A and
niddlíngs filler to supply 13,200 IU head-l
head-l day-1, respectively.

4aob.la-rodized salr.

5 kg wheat middlings.
D in the wheat

Iday-' and 1,650 IU
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trolyMate (NHa)6Ho7024 4H20 (Fisher Sclentiflc, Falr Lærn, N.J. ) and

sodlru sulfate, Na2S04 . 5H2O.

The prenlxes for t'be treatnents Hl.[,S and lll{IS were each prepared

separately, accordlng to bbe follcnlng procedure. 13.5 g of â'nnoniln

nolybdate was first dlssolved lnto 1 lltre of warn, dlstllled-delonlzed

¡rater and then transfered Èo a 1 lltre plasblc spray bottle. Thls

sorutlon ïas sprayed onto 3 ks of wheat nidd"llngs in a step-w1se

fasbion. Approxlnat,ery one-thlrd of the soluH.on was sprayed onto 1 kg

of r¡heat niddllngs and mlxed for 15 nlnutes. Anot,ber 1 kg qr:antlty of

wbeat nldûllngs was added to t,hls ccmblnation and a second third of

nolybdat,e sorutlon was then applied. After nixing an additlonal

15 nlnutes' the last 1 kg qr:antiby of wheat niddllngs was added with the

reoalnlng nolybdate solutLon apptled. The entire combination was nixed

slowly for 45 nlnutes and drled ln a forced-air oven at 6ooc to

constant welght. The dried wheat middllngs Ì{ere then nixed r¿ith an

addltfonaL 2.25 kg of wheat niddrlngs, z.zs kg of chromic oxide and the

reqtdred a¡nounbs of vltanins A and D to nake three, 2.5 kg prenlxes per

experimental rat'lon. The nineral analysis of the four nations are given

tn Table 2.

3.3 Experimental Protocol

Each experinent,al perlod was 21 days in length. During this 21 day

perlod' the steers r¡ere housed ln raised netabolis crates and fed

contlnuousry uslng autcoatÍc belt corveyors. The bert conveyor wag

progralmed to run for 30 seconds every 20 nlnutes. The pelleted ratlons
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were spread everùy every nornlng on the coEveyor belts of the autcmatic

feeders, which moved to¡ards the centre of the unit, and dropped the

ratj-on into the respectlve wooden feed box of each steer. AII steers

received 4.5 kg day-1 (as-fed) of their respective ration over each of

the four experimental periods. Throughout the course of the experÍ-ment,

arr steers had free accesa to tap water. A constant anount (250 g) or

each ration and t,ap water (¡o nL) was sarnpred daily during the rast

elght' days of each experinental period. Each ratlon lras bulked to for¡n

one sarnple per experlnental perlod, which was stored for subsequent

analy se s.

There were 10 days between each e:<perinental period. During this

tlner all four steers were removed frcm bheir crates and placed outside

where they nere fed the basal ration tr¡lce daily at 9:00 a.n. and

4:30 p.m. in a connon feeder.

314 Dysprosirn as a l.farker

rn lhis experlnent, dysprosir.u (0y), as dysprosÍr.m chloride þcl2
6H20 (ltfa Products, Darnrers, Ma. ) was used as a partlculate raarker in

order to measure the digestibiJity and flcn of minerals and dry natter

through the duodentu, fletn and in the feces of the four steers. Rare

earth eleuents, such as dysprosiun (Dy), have beccme popular as non-

digestlble markers 1n nutrition studies where the frcn of dry natt,er

withln the digestlve tract, fecal dry matter excretlon and digestibility

of diefary constituents were estinated. Wsprosirn is rel iable and

suitable as an inert, non-digestibre marker in bobh cattle (Ellis, 1968;
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Young et al. , 1972, 1976) and swine (Kennelly et al-. , 1980a). Fecai-

grab-sarnpllng in tbe above studies pro¡ided an alternative to the tot,al

collection technique. With Dy, there was a const,ant recovery, with

nlnj-mal variation and a rellable procedure for analysis.

One of the dlstingulshing properties of Dy, in additlon to being

non-dlgestible and non-absorbable is that it possesaes a strong affinity

for particulate matter; Dy becomes adsorbed onto, and renains

tenaciously bound üo dlgesta partfcles. Thus, Dy flcr¡s through the

dlgestive tract in close associatlon with feed particles (E1Ils, 1968).

bhls strong afflnlty reduces variation ln concentration of marker that

has been attributed to the differentlat flcn rates of feed particles and

narkers (Corbett et al., 1958, 1959).

tJhile chrcmlurn sesquloxlde is a connonly used narker 1n nutrition

studles, the efficacy of this ccmpound depends upon the purpose for

which it is used (MacRae, 1974). Chrcmfum sesquloxlde 1s not closely

associated wlth the solld phase of digesta. Consequently, fn studies

where thts association 1s of inportance, the valldlty of chrcmic

sesquloxide as a narker nay be questionable. In techniques where

digesta sanples are obtained frcm T-shaped cannulae, it has been assr¡med

thab chrælc sesquloxlde passes through the gastroint,estinal tract at

bhe sane rate as the partlculate phase of digesta, and is closely

assoclabed with that phase. Since }lacRae (1974) and Falchney, (1975)

have reported t,hat, chrceitm sesquloxide is not assoclated speclfícally

with the partlculate phase, and behaves independently of bot,h the
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particulate and liquld phases, chrcmitm sesquloxide has a linited use in
spot-sanpllng procedure s.

The narker, rycrs ' 6H20 was fed every day of each experlnental

period as an additive withln a pellet of ffnely ground barley whlch was

Lop-dressed arong the conveyor bert on lhe daily ration allotnent,.

Ten grams of ùycLz 6H20 was nixed wlth 1 litre of water, warmed

gently and stired continuously untIl all the crystala were dissolved.

Then, the lítre of solution was sprayed onto 2.5 kg of flnely ground

barley and nixed bhoroughly 1n a large nixing bor¿1 for 45 ninutes. This

combination was later dried on alrminru-foll llned pans in a forced-air

oven at 6OoC to constant weíght. Ttrenty nlxes of t,his dysprosirm-barley

preparatlon (2.5 kg per mix) rlere prepared and later pelleted lnto sall
pellets (l/8 inctr dianeter) using a s¡natI, Ternplerood Pelleter (Oppernan

Gears Ltd.; Nerrbury, England). The pellets were allor¡ed to dry and

bagged ln 1009 quantit'1es. These pellets were sprinkled evenly over each

daily allotnent of ration to proride a theoretical intake of 240 ng of

el-enentar Dy per 24 hor.¡r perlod to each steer. one 1oo g bag of

dysprosiue-barrey pelrets was sanpted dairy during the rast 10 days of

each experlnentar period and burked to form one sanple for each

experlmental perlod t,o be used for later analyses. The nineral analysis

of the dysprosium-barley pellets are presented in Table 2.

3.5 Collect,lon of Dfgesta and Feces

During the last three days of each experinental period, n¡mlnal

contents' duodenal and iLeal ûigesta and fecat sanples were collected
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frcm each ateer, onee daiLy over three different tine perlods. Sanp1ing

frcu each steer began flrst with the feces (a grab-sanple fron the

rectrm), and then f rcm the cannuLae at the iletm, duodenru and ruen.

RtminaJ- conbents were inmedlaüely strained through four layers of

cheesecloth. Each day, 100 - 150 EL of runen fruid and approxinately

250 tL of Íleal and duodenal digesta were collected frcm each steer and

praced into crean, acid-washed plastic boftles. Dairy fecar grab-

samples were placed into plastic bags and stored frozen.

Supernatant fractlons of rrmen fluid, duodenal and ileal dlgesta

ltere obtained shortly after saropling each steer. Dlgesta and n¡men

fluld were centrifuged (72,000 x g, 18oC) using a Bechan, Model L3-50

Ultracentrifuge. The weights qf bhe separated supernatant and

precipltated fractlons of both duodenal and ileal dlgesta were recorded

after centrifugation. The supernatant fractlon of rulen fru1d, the

supernatant and precipitated fractions of duodenal and ileal dlgesta and

samples of the total duodenal and 1lea1 digest,a were all stored frozen

at -1 5oC.

At the end of each period, total duodenal and total ileal dlgesta

and their respectlve precfpitated fractions yrere freeze-dried for

48 hours. After freeze-drying, all sarnpres lrere then ground ln a sarl

Braun coffee nill. Daily tot,al dlgesta and preclpltated fractfons from

each steer lrere bulked to forn one sanple of each kind per steer per

period. The ground sanples were then stored 1n sealed l{hirl-Pak bags.

Fecal grab-samples were oven-dried for 72 hours to a constant

weight 1n a Coldstrean forced-air oven, whlch was set at 60oC. Upon
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re¡noval' samples Here aIlcÉted bo equilibrabe to rocm condltlons before

grinding. All samples of feces, dysprosiun-barley pellets and ratlons

were ground in a salI I.lILey nil.l (Standard Model No.3) through a 1 mm

stainless steel screen. Fecal samples frorn each steer lrere bulked

together to forrn one fecal sanpre per steer per perlod. The ground

dysprosium-barley' the four rabions and fecal sarnples were later re-

ground flnely fn a salL laboratorg grinder (Tecator, Cyclotec 1093

Sanp1e MiII) and sbored for later analyses.

The supernatant fractions of runen fIuld, il-eal and duodenal

digesta frcm each steer were ccnblned to form one sarople of each kind

per steer per period and stored frozen.

3.6 Cheotcal AnaJ-ysls

The total S content of the ratlons and of fhe dysproslrn-barley

pellets was analyzed according to bhe procedure outllned by Bolla et aI.

( 1 984a) .

For nlnerar anaryses, 1.5 g of ground rations, dysprosiuu-barley

pellets' preclpitated duodenal and 1IeaI fractlons and totaÌ duodenal

and ileal digesta and feces were welghed fnto a 50 nL Kinax boro-

slllcate glass screw-top vlal. These sanples were ashed in these vlaLs

at a furnace tenperature of 550oC for 12 hours. The vlals cont,aÍning

fhe ash residue l¡ere reuoved frcm the furnace and allcn¡ed to cool to

room temperature. Fifteen nL of 5N Hcl containing 1l (vol,/vo1)

concentrated nltric acid were added to the ash resldue. ViaJ-s were

capped with polypropylene scre!¡ caps and placed in a sonic water bath
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shaken, allcr¡ed to cool to rocm tenperature and left to stand overnight,.

concentrations of ztt, cu, Fe, Mn, Þ1g, ca and Mo in this solutLon

were dete¡"nÍned by flane atcmlc absorption spectrophotmetry using alr-
acetylene (Zn, Cu, Fe, Mn, Mg, Ca) and nitrous oxlde-acetylene (Mo)

flames (InstnEentation Laboratory AA/AE Spectrophotcroeter Mode1 551),

accordlng to Sobera and Stux (1929). phosphorous content was deternined

colourlmetrically (4.0.4.C., 1984) using a Baush and Lcr¡b Spectronic 20.

Liquid sanples (ZO nL) of nmen fluid supernatants, duodenal and

ileal digesta supernatants were weighted lnto crucj.bles xûade of sjl-lca

81as8' frozen and freeze-dried for 48 hours. The cruclbles with the

freeze-dried resldues were then ashed at 55ooc for 12 hours. The

cruclbLes contalnlng the ash residue were remorred frco the furnace and

arlowed to cool to roon temperature. The follcning method 1s a

nodlfication of a procedure outlined by Bolra et al., 1984b. Fifteen nL

of 5N HCI contalning 1f (vol/vol) concentrated nitric acj.d were added to

the ash whlch was then heated on a hot plat,e such that there eventually

ltas a gentle boil for approxlnately 1 5 ninutes. The solutlon r¡as cooled

and filtered through astrless Hhatnan #42 filter paper. The firter paper

was washed with 3 to 4 washings of dlstilled deionlzed waber. Flltrates

frcm each sauple were broughù up t,o a constant voltme with distilled
deionlzed water Ln a 25 -nL volrmetric flask.

For scme of bhe supernatant sanples frcn dÍgesta, the result,ing

soLutions obtained with this above procedure contalned concentratlons of

Mo approxlrnatery equar to that in the blanks. These sampres were
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prepared for Mo analysis using a nodification of the procedure of

Thcnpson and Blanchflower (1971). Ten nL of supernatant r¡ere weighted

into a 25 nL glass v1al. A 5 uI" volrme of a concentrated nitric-
perchloric acid nlxture (4:1 by volrme) was added to each dlgesüion vial
and left to digest orernight at rom tenperature. The vlals cont,aining

the acid nixture and sample $rere heated in an alrminun block unfiL the

yellm colour had disappeared. The clear, colourless dlgesls were then

boiled to dryness. Residues were dissolved 1n 3 ú of sí (voI/vol)

concentrated HCI. Solutions ltere analyzed for Mo as described earlier.

Standards used for mlneraL analyses were prepared wlth certlfied
atcmic absorptlon reference standards (Fist¡er Sclentlfic). For Ca and

Mg analysis' standards and sanple solutions were diluted wlth lanthanun,

with the resulting solut,lons containing 1l lanthanun to control

interferences frca srlicon, aluminum, phosphate and sulfat,e. similarry,

sodltu sulfate was added to sanples and standards prior to Mo analysis

at a rate of 10.4 nM to control int,erferences frcu other nlnerals durlng

analysfs. All glassrare used for nineral analyses was acld washed wlbh

101 nltric acid and then rinsed thoroughly flrst, with dist,iued water

followed by dfst,llled-delonized water. Accuracy of technique was

verified using cÍtrus leaves (#1572) as a standard reference naterial
(Nablona1 Bureau of Standards, Hashington, D. C. ).

Ground dysprosiurn-barrey (75 mg), totaL duodenal and 1real digesta

( 500 mg) and f ecaL sarnples (750 ng) were subnlt,ted to the Slcnpoke

Reactor Facility, university of Arberta, where concentrafions of

metastable dysproslum (Dyn) Here estimated using an autonated
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lnst'rumentar neuüron aetivatlon anarysls net,hod (Kennelly et al_. ,

1980a). Sanples !¡ere irradlated at a neutron flt¡.x of 1911¡ç6-2s-1 for

45 seconds, allcr¡ed to coor for 7 seconds and then count,ed for 45

seconds. The radiatlon released frcm 165 Dyn enits at an energy leve1

of 108 keV and has a half-11fe of 75.42 seconds wlth a standard error of

0.36 seconds.

3 .7 CaJ. cul, atl ons

Dysprosltm (Oy) was used for the calcul-atfon of DM flcns at the

proxlnal duodentm and Èeruinal lletm and for fecal DM exeretÍon, using

the contlnuous lnfusfon, bine sequence sanpling nethod described by

Falchney (1975) r¡hich is shcffn tn Eqrratlon I, belcr¡:

Bouatlo¡ I:

kg DM flcm day-1 = (A)(B)
c

llhere A = (ke DM lntake day-1 ¡

= [(100 g Dy-barley pellets)(fDM 1n

+ [(4.5 ke Ratlon)(fDM ln RatÍon)]

Where B = ng Dy t<g-1 dietary DM :
(lOO e Dy-barley ællet,s)(fDM ln Dy-barley

(¡ne Dy g-1 oy-barley pellets) (A)-1

l,Ihere C = ng Dy t<g-1 digesta or fecal DM.

Dy-barley Pellets)l

æ11ets)
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The flcr¡ of minerals at the cannul-ated duodenal and ileal sltes and

fecal ninerar excretlon were calcurated by multlplying the frow of

dlgesta DM or fecal DM excretÍon by the concentratlon of nineral in

digesta or feces at that sanpllng slte.

Equatlon II was used for the calculation of apparent dlgestibillty

of DM or of eaeh nineraL.

Equâtlon II:

Apparent Digestibility

= 100 (Total Intake - Total Fecal Excretlon)
Total- Int,ake

Equation IIf r¡as used to calcuLate the percent soluble nlneral 1n

the duodenal and lleal digesta.

Eouatlon III:

f Soluble l,llneraL = ( 100) (D )
(D+E)

l{here D = (total nlneral in supernatant phase) = (coneent,ration of

nineral 1n supernatant phase)(tota1 weight, of supernatant phase).

I,Ihere E = (total nineral 1n precipf tat,ed phase ) = (concentratlon of

mineral in preclpitated phase) (totat welght of preclpitated phase)

Note: (D + E) is a neasure of the total nineral 1n the digesta,
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nhích Has centrifuged to obtain the respeetive supernatant and

preclpitated phases.

Equation W was used to calculate the flcr¡ of soluble nineral at the

duodenal and 1lea]. cannuJ_ated sites.

Eouatlon fY:

Soluble nineraL flcn¡ =

(kg DM flcr¡ day-1)(concentratlon nlneral Lg-1 fotar digesta)(f solubre

mineral in duodenal or tleal digesta)

Expresslng nineral concentratlon in the supernatant phase on the

basis of supernatant DM gives a neasure of wetght of soluble mlneral per

weight of sorubre DM or [(g sotubre ninerat)(g solubre ou¡-11

3.8 Statistical Anatvsis

All data were analyzed usfng the Latin square analysls of variance

according to Snedecor and Cochran (1980).

OrthoSonal contrasts r¡ere perforned on the neans frcnn all the data

presented. The three orthogonal contrasts selected are descrlbed be1ow.

Contrast I:

A conparison of high Mo versus 1cr¡ Mo (HM vs LM) or, (Hl,f.S + HMIS)

vs (Lld,S + L!fiS).
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Contrast If:

A conpartson of hlgh S versus lcr¡ S (HS vs LS) or, (LMHS + HMHS) vs

(Ltd,s + HM.s).

Contrast III:

Thls third contrast exanined the effect of high Mo and high s
together reratlve to high Mo and high s separatery in the ration.

The four diets were:

Ll'f.S = A

LMHS=B=A+(hlehS)

HMLS=C=A+(¡1gÈMo)

HMHS = D = A + (hieh Mo + hlgh S)

Such that:

(hlsh s) = (B - A)

(hj.eh Mo) = (c - A)

(hlgh Mo + high S) = (D - A)

ff there ls no synerglstic effect of Mo plus S, then:

(hrsh Mo + hfgfi S) = (high S) + (hish Mo)

(D-A) = (B-A)+(c-A)

D-A = B+C-24

D = B+C-A

The forr of the contrast is
(¡+o)vs(B+C)

or, (Lld,S + HIftIS) vs (LlfiS + Hlf,S).
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4.1 Analvsis of Dvsorosirm ln the Barley pellets

Six sanples of the prepared dysproslun-barley fræ each period were

subnlt,t,ed for dysproslun analysis. The average concentratlon of

dysprosiun 1n the barley pellets fed to the cattle, anong periods,

ranged frcm 1.982 to 2.OgS ng e-1 DM 6=2.027) and the coefficlent of

varfation a¡nong periods ranged bebween Z.Tl and 3.21 (Appendix Tabte B).

4.2 Dry ìbtter

The average DM intake was 4.40 kS day-1 (Tabte 3, Appendix Tables

A1 and A2). Throughout the course of üh1s experiment, there r¡ere no

feed refusaLs.

The DM enterlng bhe prox1nal duodentm, expressed as a daily flcn¡

rabe (P:0.052) or as a percent of lnbake (P=0.051), tended t,o be lcr¡er

for lhe high nolybdenrm (HM) t,reatnents; there was a tendency for a

hlgher (P=0.055) DM loss lrith bhe HM treatuents (Tabte 3).

The DM flow ab the terninal ileu¡n ranged betr¡een 1.21 and

1.47 kg day-1, and accounted for 50.91 Lo 56.71 of the duodenal DM flcn;

lleal flcr¡ nlnus duodenal flow was not dlfferent, (P>0.05) acrosa all

orthogonal contrasts.

The loss of DM 1n the large intestlne, expressed as fecal DM

excretion nlnus 1leaI DM flow, and fecal DM excretion r¡hen expressed as

a percent of lleal DM flcr, were not different (p>0.05).
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6¿r

There nas a lcr¡er (p<0.01) excretj_on of fecal DM, higher (p<0.01)

botal DM loss calcuJ-ated as DM intake ninus fecal DM excretion and a

hlgher (P<0.01) apparent digestlbllity of DM wlth the HM treatoents.

4.3 Copoer

The lntake of Cu (Table 4, Appendix Table A3) across all treatnents

ranged frcm 12.6 Lo 17.0 mS day-1.

The total Cu entering the proxinal duodentm (taUte 4) was not

dlfferent (P>0.05) and ranged between 23.1 and 2u.5 ng day-1, which

represented a neü additfon, duodenal flc¡n minus intake, of 6.1 bo 10.T

mg day-1 (Table 5r Appendlx Tabre A4). Duodenal cu flcn, when expressed

as a percent of lntake (Table 5), was lcr¡er (P<0.05) for the high-sulfur
(HS) treatnents. The percent soluble Cu 1n the duodenal digesta

(Table 4) was lcr¡er (P<0.01) wlth the HM and the HS treatments and as a

consequence' the soluble Cu flcn entering the duodenal digesta was Icner

(P<0.01) wlth the HM treatnents and lower (p<0.05) wlth the HS

treatnent s.

Toba1 Cu flcru at the termlnal 1ler.u expressed either as a flcÉr rate

(taUte 4; 21,2 lo 23.1 nS day-1) or as a percent of duodenal flor¡ (taUle

5; 92.41 to 99.6f) was not different (p>0.05). The percent soluble Cu

(P<0.01) and the frcnr of sotubre cu (p(0.05) in the iteaL dlgest,a (Tabte

4) were lcr¡er with the HM and fhe HS treatuents. The addftlon of bobh

Mo and s, conpared to Mo and s aLone in the diet,s (contrast rrr)
resurted in a lower (P<0.05) percent sorubre cu, but did not, Ínfruence

(P=0.08) tne soluble Cu flc¡¡ ln ileal digesta.
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Tota1 fecal excretlon of Cu (Table 4 ) and fecal excretlon

paraneters listed in Tab1e 5 were not significant (P>0.05). There lras a

tendency for a higher fecal excretion (Table 4) of Cu (P=0.07) and a

IG¡er (P=0.10) apparent digestlbillty of Cu (taUte 5) y¡ith the tlM diets.

The concentratlon of Cu 1n bhe solubLe runen flrdd DM (taUte 6,

Appendix Table A5) was not dlfferent, (P>0.05) and ranged between 4.28 bo

12.2Jr| g-1 soluble DM. The concentratlon of Cu tn the duodenal soluble

DM (Table 6) was not different (P>0.05); hcn¡ever, 1t tended to be lcnrer

(P=0.053) for ühe HM treatnenùs. The concent,ratlon of Cu ln the lleaL

soluble DM was lcr¡er (P<0.05) with the HS treatnents.

4.4 Molybdenrm

The intake of Mo for the LM treatnents were 7.65 and 8.65 ng day-1,

whlle that for bhe HM diets were 57.3 and 57,5 ng day-1 (taUte 7,

Appendix Table A6).

The Mo f1cry aü the proxlmal duodenrm (Tab1e 7) was higher (P<0.01)

for the HM diets. Duodenal flcr of Mo, when expressed as a percent of

intake (Table I, Appendix Table A7) was Icr¡er (P<0.05) for the HS diets.

Disappearance of Mo between lntake and proxi¡aI duodenun, expressed as

duodenal flow mlnus lntake, rras higher (P<0.05) for the HM diebs

(Table 8). The percent soluble Mo and soluble Mo flo¿ at the proximal

duodenrm were higher (P(0.01) wlth the HM treatments (Table T).

The dally tolaJ. f1cr¡ of Mo at the terninal ileu¡n was higher

(P<0.01) with the HM treatments (Table 7). The flm of Mo at the

terninal lleun was higher (P<0.01) for the HS treatnents and when both
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Mo and S together vtere added !o the diebs. The Mo flcn at the lenninal-

iJeum, when expressed as a percent of duodenal flow (taUle 8) ranged

between 55.21 to 93.3f and was higher (P<0.01) for the HS treat¡nents.

There was a net disappearance of Mo, ileaL flor¡ ninus duodenal

flcn' between the proxinal duodenrm and terninal lletm (Table 8) for aII

treatnents. The disappearance of Mo between these loeatlons was higher

(P<0.01) with the HM diets and lo¡er (P(0.05) wfth the HS diets.

The percent soluble Mo at the terninar ileum was lower (p<0.05)

r¡ith the HM dlets while flcn¡ of soluble Mo was hlgher (P<0.01) for the

HM dlels (Table 7).

The Mo excreted in the feces (Table /) was higher (p<0.01) for the

HM diets. Fecal Mo excretlon was also higher (P(0.05) wlth ùhe HS dlets

and tended to be higher (P=0.07) for the HMHS dleb. Fecal Mo excretlon,

expressed as a percent of ileal flow (tabte 8) was higher (P<0.01) for

the HM dlets and was loner (P<0.05) when both Mo and S were added to the

dlet. There was a net appearance of Mo in the large lntestine, expressed

as fecar excretj-on minus ilear frcn, with the HM diets conpared to a net

disappearance of Mo wit,h the LM diets (Tab1e 8).

Tota1 Mo dlsappearance, calculated as intake ninus fecaL excretion

(Table 8) was hlgher (P<0.01) for the HM treat¡ents. Apparent Mo

digest,lbllity (Table 8) ranged frcn 33.4f to 47.0f and was not dtfferent,

(P>0.05). llith the HS diet,s, apparent Mo dlgestlbillty tended bo be

l-cr¡er (P= 0. 06 ) .

The concentratfon of Mo in the rumen fluld, duodenal and ileal

digesta supernatant DM were all higher (P<0.01) with the HM treatnents
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(Tab1e 6). The HS treatnent,s had no effect (P>0.05) upon the neasures

of soluble Mo.

4.5 l.fanganese

The lnbake of ì4¡r (Table !, Appendlx Table AB) across all lreat¡nents

ranged frcn 83.0 to 86.5 nS day-1.

The HM, HS or HMHS treatments had no signiffcant (P>0.05) effect

upon the flcr¡ rat'es of Mn at, the proxinal duodenun, berninal lletm nor

upon fecal- Mn excretion (Table 9). Hcnever, the HM treatnents had

significant effects (P<0.05) when Mn flcn al the proxfnal duodenum was

conpared relative to Mn intake (table 10, Appendtx Tabre A9). The

difference' calcuJ-ated as duodenal flcn¡ ninus lntake, rEas lcr¡er (P<0.05)

wlth the HM treatnents. I{hen the Mn flcr¡ rate entering the proxinal

duodenun was expressed as a percent of lntake Mn (taute 1 0), that
percentage was also lcr¡er (P<0.05) with the HM treatment,s.

There was a net disappearance of Mn betr¡een the proxJ-ual duodenum

and terninal- lletm (tabte 10) for all treatments, whlch ranged between

6.6 and 16.4 ng day-l. The percent soluble Mn (Table 9) at the ternlnal

fletm ranged between 8.8f to 13.Tï; ühis was on average, a Z-fo1d

decrease frcn fhat found at the proxi¡nal duodentu.

There wqs a further net disappearance of l-ln between the terninal

iLetm and fecal excretlon for all treatnents and these ranged between

8.9 and 15.\ ng day-1. Tot,a] Mn disappearance, calcuJ-ated as intake

nlnus fecar excretlon for all treatnents ranged betr¡een 9.9 and
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15.9 ng day-1 and apparent Mn dlgestibllity was between 11.4Í and 17.71

(Table 1 0).

The concentration of Mn in the soluble nmen fluid DM (Table 11,

Appendix Table 410) waa rcr¡er (P<0.05) for the Hs treatnents. The

concentration of M¡r in the duodenal and lleat soluble DM (Table 1 1 ) were

not different (P>0.05).

4.6 Ztnc

The intake of Zn (Table 12, Appendlx Tab1e All) ranged bet¡¿een 107

and 115 ng day-1.

Zínc enterlng the proxlnal duodenun, expressed aa a dally flor¡

(Table 12), or as a percent of intake (Tabre 13, Appendix Table 412) was

not different (P>0.05). Hcnrever, the concentrat,ion of Zn ln the soluble

DM (Tab1e 1 1 ) ' the percent soluble Zn and the daily flow of soluble Zn

(Tabre 12) aE the proxÍnal duodentm were 1cn¡er (P<0.01) for the HS

diet s.

The flø of Zn at the terminal ilerm, expressed as a t,otal f1cr¡

(TabIe 12), or as a percent of duodenal flow (TabIe 13) was not

different (p>0.05). The concentratfon of zn in the irear soluble DM

(Table 11) tended to be lower (P=0.06) for the HM diets. In addition,

bot,h the percent soluble Zn and bhe flcr¡ of soluble Zn al the termlnal

lleum (taUte 12) r¡ere Io¡er (P<0.05) for the HM diets.

Fecal excretlon of Zn was higher (P<0.05) r¡ilh the HM treat¡ents

(Table 12). That excretlon of Zn in feces, when expressed as a percent

of lleal flcr¡ (Table 13) was hÍgher (P(0.01) for the HM dlets.
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Total Zn dlsappearance along the dlgestlve tract, calculated as

intake mlnus fecal excretion (Tabre 12) was not different (p>0.05).

Hcflever, the apparent digestlbllity of Zn (Table 13) tended to be 1cnrer

(P=0.09) with the HM treatnents.

4.7 Iron

The lntake of Fe across all treatnents (taUte 14, Appendlx

Table 413) ranged betr¡een 489 and 593 nB day-1.

There was no effect, (P>0.05) of supplenental Mo or S upon the dat,a

obtalned for Fe 1n the runen fluld (taUle 1 1 ) , al the proxlnal duodenru

and at the beruinal ileun (Tab1es 11, 14 and 15, Appendix Table 414).

The soluble Fe flow in the 1l-eal dlgesta tended to be Icr¡er

(P=0.09) for the HM treatnents (Tab1e 14).

Iron disappearance, calculated as fecal excretlon ninus tleal flcrr

(Table 15), tended to be higher (P=0.06) wtth the HM treatnents, with

less (P<0.01) Fe excreted fn the feces of steers on t,hese breatments

(Table 14); fecal Fe excretfon expressed as a percent of 1leat flow was

Lcr¡er (P<0.05) for the HM treatnents (Table 15).

Apparent Fe dlgesttbillty (TabIe 1 5) was negatlve across aIt

treatments and tended lo be higher (P=0.08) for t,he HM treatments.

4.8 Calciun

The Íntake of Ca (Tab1e 16, Appendlx TabIe 415) across aIl

treatnents ranged frcro 16.3 to 19.2 g day-1.
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supplenent,al Mo and s had no effect, (P>0.05) upon bhe various ca

paraneters llsted in Tables 16, 17 (Appendlx Table 416) and 18 (AppenOtx

Tab1e 417).

TotaL Ca flcr¡ at the proxlnal duodenrm was 1151 Eo 1211 of intake,

which represented a net addltlon of 2.TO to 4.08 g day-1 relative to

lntake (taUte 1T). The percent soLuble Ca at the proxinal duodentm

ranged betr¡een 83.71 and 87.4f and the soluble Ca flcr¡ was between 16.4

and 20.3 g day-1 (taure 16).

Calciun flcr¡ at the termlnal iletm, when expressed as a percent of

duodenaL flow (tabte 17) varled between 47.71 and 56.31. The percent

soluble and soluble Ca flow at this locatlon ranged betr¡een 21.31 and

29.3í, and 2.59 and 3.OZ I day-1, respectively (Table 16).

Fecal Ca excretlon ranged fron 10.0 to 11.4 g day-1 (taUte 16) and

represented 94.81 to 1061 of lleal Ca fIow. Apparent Ca dlgestlbility

was betneen 34.6f and 40.4f (Tab1e 17).

The concentration of Ca ln the soluble runen flì.¡1d DM ranged fron

6.43 to 6.90 ng g-1 soluble DM and the concentratlons of Ca in ùhe

duodenal and ileal soluble DM were fron 23.2 to 29.1, and 8.32 to

9.07 mS e-1 soluble DM, respectively (TaUte 18).

4 .9 lhsnesiun

The lntake of Mg (tabte 19, Appendix

treatments ranged frcu 6.62 t,o 6.89 g day-1.

There were no slgnificant, (P>0.05) effects

paraneters presented 1n Tables 19 and 20

TabIe 418) across all

of Mo and S upon the Mg

(Appendlx Table A1 9).
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Slgnificant effects (P<0.05) on soluble Mg levels in both the rrmen

fluld and ln the duodenal digesta (taUle 18) and varlous ürends

(0.05<P10. 10) are lndicated belcn.

The flow of Mg at the proxlnal duodenr¡m ranged betneen S\.Uí to

68.71 of intake (Tabre 20). There was a tendency for a rower (p=0.08)

Mg flcr¡ ab the proxlnal duodenrm wlbh the HM treatuents (Table 19).

t{it'h the HS treatnents, the net dtsappearance of Mg, cal culated as

duodenal flcr¡ ninus intake, tended (P=0.02) to be lcrer (taUte ZO).

There l¡as a tendency for lncreased (P=0.08) flæ¡ of Mg at the proxlnal

duodenun wfth the Hs diels, when duodenal. frcn was expressed as a

percent of Mg lntake (Table 20). The concentration of Mg in the

duodenal soluble DM (Table 18) was lcner (P<0.05) with the HM diets and

higher (P<0.05) with the HS diets.

The l'fg fIø at the teminal- iletrn, expressed as a percent of the

duodenal flow (Tab1e 20) ranged betr¡een 91.11 and 99.71. The dally flcn

of Mg at the termlnal iLer¡n (lab1e 19) ranged frcm 3.59 to 4.20 e day-1

and tended to be hfgher (P=0.10) for the HS dlets. The concentratlon of

l{g 1n the soluble DM 1n the lleal dlgesta (taUte 18) tended bo be higher

(P=0.06) for the HM dlets.

Fecal excretlon of MB, expressed as a percent of fleal flcn ranged

fron 95.7Í Eo 101f and apparent Mg digesùlblllty ranged between 39.91 to

46.71 (taute eo).
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4.1 0 Phosphorus

The lntake of P (Tab]-e 21, Appendfx Table 420) ranged frcm 13.6 t,o

14.1 S day-1.

For P' parameters of duodenal f1cn, lteaL flcn¡ and feeal excretlon

(laute 21) were not slgnlflcant (P>0.05) anong the treatnents.

Phosphorus flcr¡ at the proximal duodenrm (Table 21) ranged between

27.8 to 32.2 I day-1, which represent,ed lgïl to Z37l of intake

(Table 22, Appendix Tab1e A21). The flow of P at the proxinal duodenrm

(Table 21) tended to be lcr¡er (P=0.06) wfbh the HM breatnents. The net

appearance of P' ca1cuJ-ated as duodenal flcr¡ nfnus lntake (Table 22) was

lcÉ¡er (P<0.05) with the HM treatnents. Phosphorus flcÉr at bhe proxinal

duodenum' wlth the HM treatnents Has also lor¡er (P(0.05) when expressed

as a percent of lntake (Table 22). The percent soluble p at the

proximal duodenun ranged beh¿een 59.21 to 63.1f and the soluble flcr¡ of

P ranged between 17.1 and 19.3 I day-1 (taUte Zl).

Phosphorus frcÞr at the te¡rina] lreum, expressed as a percent of

duodenal flor¡ (laUle 22) ranged frcn Z3.Zl to Zg.Tl; ühis was not

signlffcant, (P>0.05) ln reratlon to the HM or HS diets, but it tended to

be hlgher (P=0.052) when both Mo and s were added to the diets. The

daily P flcr¡ at the terulnar lLeun (Table 21) ranged fro¡a 6.53 to

9.05 g day-1 and tended to be lqrer (P=0.09) for the HM treatnents. The

net disappearance of P' calculated as ileal flow nlnus duodenal flor¡

(Table 22) ranged between 21.1 to 24.4 g day-1 and was hfgher (p<0.05)

with the HS treatnents and tended to be }oner (P=0.08) wlth the HM

treatment's. The percent soluble P at lhe te¡alnal llet¡n (taUte 21)



T
ab

le
 2

1.
 

P
ho

sp
ho

ru
s 

ln
ta

ke
, 

to
ta

l 
an

d 
so

lu
bl

e
lle

um
, 

an
d 

to
ta

l 
fe

ca
l 

ex
cr

et
io

n 
of

su
lfu

r 
co

nt
en

ts

T
re

a 
tm

en
t

LM
LS

LM
H

S

H
M

LS

H
M

H
S

S
E

C
on

tr
as

 t
+

(I
) 

H
M

 v
s 

LM

(I
I)

 
H

S
 v

s 
LS

(I
II)

 
H

M
}I

S
 v

s
(H

M
) 

+
 (

H
S

)

In
ta

ke
 

E
nt

er
in

g 
pr

ox
lm

el
 d

uo
de

nu
m

T
ot

al
 f

lo
w

(g
 ¿

ry
-l)

 
(s

 a
ay

-r
;

13
.7

13
 .

6

14
.1

13
 .

9

flo
w

 o
f 

ph
os

ph
or

us
 a

t
ph

os
ph

or
us

 fo
r 

st
ee

rs

S
ol

ub
le

P
er

ce
nt

 
flo

w
so

lu
bl

e 
(S

 d
ay

-f
1

30
 .6

32
.2

27
 .8

29
 .5 1.
 1

9

fR
ef

er
 t

o 
T

ab
le

 3
.

N
S

 =
 N

ot
 s

lg
ni

fic
an

t 
(P

>
0.

05
).

V
ar

i-o
us

 c
on

tr
as

 ts
 t

en
de

d 
to

r^
/a

rd
s

(4
) 

P
 =

 0
.0

6.

th
e 

pr
ox

im
al

 d
uo

de
nu

m
 a

nd
 a

t 
th

e 
te

rm
fn

al
co

ns
um

ln
g 

df
et

s 
hf

gh
 f

n 
m

oJ
-y

bd
en

um
 

an
d

63
.L

59
 .2

61
 .

3

s9
 .

4

2.
7 

4

N
S

(I
)

N
S

N
S

Le
av

ln
g 

te
rm

l,n
al

 l
le

um

19
 .

3

79
 .

2

17
.T

17
 .

7

1.
05

T
ot

al
 f

lo
w

(e
 d

aY
-t

¡

N
S

N
S

N
S

S
ol

ub
l_

e
P

er
ce

nt
 

flo
w

so
lu

bl
e 

(s
 d

ay
-l¡

9 
.0

5

7.
 8

8

6 
.5

3

7 
.4

s

0.
72

3

si
gn

ifi
ca

nc
e 

(0
 .

05
<

P
<

0.
10

) 
:

N
S

N
S

N
S

26
.7

33
 .

8

28
,9

23
.0

2 
.7

7

N
S

 (
2)

N
S

N
S

E
xc

re
te

d
ín

 f
ec

es

2.
37

2 
.6

5

r.
94

L.
72

0.
 3

16

(e
 d

ay
-l)

N
S

N
S

N
S

 (
4)

(1
) 

P
 =

 0
.0

6,
 (

2)
 P

 =
 0

.0
9,

 (
3)

 P
 =

 0
.0

8,

9.
4s

7 
.6

3

7 
.0

0

7 
.1

,3

0 
.9

02

N
S

 (
3)

N
S

N
S

N
S

N
S

N
S

\o O



f¡
¡ 

fe
ca

l 
ex

cr
et

fo
n 

fo
r 

at
ee

ra
 

co
ne

uo
ln

g 
dl

et
B

 
hl

gh
 

ln
 

m
ol

yb
de

nu
m

 
¿

nt
l 

su
lfu

r 
co

nL
ct

¡t
s

T
re

a 
cm

en
 t

L}
fL

S

LM
H

S

H
H

LS

H
H

H
S

S
E

C
on

¡r
as

 c
t

(r
) 

H
H

 v
s 

LH

(lI
) 

H
S

 v
s 

LS

(t
II)

 
lll

fll
S

 v
s

(ll
H

) 
+

 (
rr

s)

P
ro

xl
m

el
 

du
od

en
uo

D
uo

de
m

l 
flq

 
D

uo
de

m
l

E
fn

ua
 

flo
s 

au
ln

ta
ke

 
D

er
ce

nt
 o

f
(g

 d
"y

-l)
 

fn
rå

ke

+
I6

.9
+

18
 .

6

+
t3

.8
+

t5
 .

6

l.t
7

iR
ef

er
 

to
 T

ab
le

 
3

N
S

 -
 

N
ot

 s
lg

nl
flc

an
t 

(P
>

0.
05

),
 

*

V
ar

lo
us

 
co

ni
ra

sC
6 

te
nd

ed
 c

ou
ar

d6

Ile
aI

 
flo

s 
Ile

al
 

flo
w

ef
nu

s 
as

 p
er

ce
nt

 
of

du
od

em
l 

flo
s 

du
od

en
al

(s
 d

av
-t

 ¡
 

flo
w

22
4

23
7

19
8

2r
2 8.

6

N
S

N
S

N
S

N
S

-2
 t

 .
5

-2
4.

4

-2
r.

3
-2

2.
I

0 
.6

0

N
S

(r
)

N
S

F
ec

aì
 e

xc
re

tlo
¡r

 
!'e

ca
l 

ex
cr

ct
lo

l
nl

nu
s 

as
 p

er
cc

tìt
lle

al
 

flo
w

 
of

 
lle

¿
l

(c
 d

.y
-l)

 
flæ

29
.7

24
.L

23
.2

25
.5 I.6
1.

N
S

N
S N
s 

(l)

0r
th

og
on

al
 

co
nr

ra
6È

a 
ar

e 
df

ffe
re

nc
 

(P
<

0.
05

).

6f
gn

tfl
ca

nc
e 

(0
.0

5<
P

<
0.

I0
):

 
(l)

 
P

 -
 

0.
08

, 
(2

) 
P

 -
 

0.
10

, 
(3

) 
P

 =
 0

.0
52

.

+
o.

40

-o
.2

5
{{

.1
8

-0
.3

3
0.

27
1

N
S

N
S

_ 
l¡c

aa
 I

 
qc

 
r(

, 
t 

I 
()

rì

t0
5 97

.t
I0

7 95
.9 3.
7r

N
S

N
S

I 
¡ì

t 
âk

e
nl

 n
us

 
A

F
F

ar
en

t
fe

<
:¿

l 
ex

cr
ct

 l
r'r

r 
(ll

B
es

ttb
ll 

lty
(g

 d
ny

-l)
 

(z
)

4 
.2

J

5 
.9

8

7 
.0

8

6.
78

0.
92

5

N
S

 (
2)

N
S

N
S

10
.8

44
.2

50
.l

¿
8.

8

6.
59

N
S

N
S

N
S



-

92

tended to be lcner (P=0.06) when both Mo and S were added to the dlets

(Contrast III). The flcn of soluble P at the teminal ileun (Table 21)

tended to be lcr¡er (P=0.08) for bhe HM diets.

There was a net P disappearance, caLculated as fecat excretion

ninus ileal flcr¡ (Tab1e 22) wlth the HS breatrnents, while with the LS

treatments there was a net appearance of P, a significant (p<0.05)

effect of the HS üreatnents. Phosphorus fecal excretlon, expressed as a

percent of ilear frc¡r¡ was 1o¡er (P<0.05) wibh the Hs dlets. Tobar p

dlsappearance' calcuJ-ated as intake ninus fecal excretlon, ranged frcm

4.23 to 7.08 I day-1 (taUte 22) and was not dlfferent (p>0.05) a¡nong

treatnent,s. Tot,al P dlsappearance tended to be higher (p=0.10) with the

HM lreatnents (Tabre 22). Apparent dfgest,lbility of P ranged between

30.8f to 50.3f and was not dffferent (P>0.05).

The concentratlon of P ln the ruren fluld, duodenal and lleal

digesta solubre DM was not dlfferent (P>0.05) wlthin location
(Table 18).

4.11 Fecal- excretlon nlnus duodenal flcrt

For Cu, Mo, Mn, Zn, Mg and P, but not Fe or Ca, signlflcant effecüs

( P< 0. 05 ) and lrends ( 0.0 5<P< 0. 1 0) were observed r¡hen nineral

disappearance calculated as fecal excretlon ninus duodenal flow

(Table 2J, Appendlx Tables A4 , Ã7, A9 , A12, 419 , Ã21, 414, 416,

respectively) .

Disappearance of Cu tended to be lcr¡er (P=0.10) for the HM diet,s.
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D1-sappearance of Mo was hlgher (p<0.05) wifh Lhe HM dlets but

tended to be lorer (P=0.052) with the HS diets.

Disappearance of Mn and Zn were lcr¡er (P<0.01) with fhe HM diets,

whlle the HS dlets t'ended to resr.¡J-t in higher (P=0.10) Mn dfsappearance.

Dlsappearance of l,fg tended to be hlgher (p=0.08) with the HS diets.

Disappearance of P r¡as higher (P<0.01) with the HS dlets but, tended to

be lcner (p=0.055) wlth the HM dlets.
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5. DISCUSSIOX

Cannulae placed at the proxinal duodenrm and at the teminal lleun

separafed the digestive tract lnto three areas which entail: ( I ) tne

rlmen, reticulun, onasu¡n and abcnasum, or stcûach regioni Q) the sall

lntestine; and (3) the rarge lntest,ine. Differences between daily

intake' flcr¡s at the proxlmal duodenun, ftcrrs at the te¡ulnal lleun and

fecal excretion were calculated. These dlfferences identify dry matter

digested'and the net absorptlon and net secretÍon of a nlneral in each

area.

5.1 Dry lbtter

the apparent dlgest,iblllty of DM for the HM treatnents was hlgher

than that, with the LM treabnents (Table 3). Apparent dlgestlbility of

DM with the HM and LM treatuents averaged 77.21 and 73.51, respectively.

Thls difference between the HM and LM treabnents was a reflectlon of the

trend for a hlgher DM digestiblllty neasured (tabte 3) before the

proxl-nal duodenum. Dry natter fLcn¡ at the proxlnal duodenum, averaged

2,39 and 2.78 kg day-1 wlth the HM and LM treatnents, respectively

(Table 3' FfS. 1A). Thls flon represented an average DM dlsappearance

frorn lntake DM of -2.03 and -1.63 kg day-1 for the HM and LM dJ.ets,

respectively (Table 3, Fie. 18). 0f the toüar DM dlgested within the

steers (Table 24) ' nore DM dlsappeared 1n Reglon #1 before the proxinal

duodenun with the HM diets; this dÍsappearance was an average of 10

percentage unlts higher for the HM diets at 59.61, ùhan with LM diets ab
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Figure 14. Effects of hfgh and low levels of dietary nolybdenum upon

dry natter floss at the proxirn¡l duodenr:n, terrai.nal ileun

and fecal excretiou of dry mâtter.

Figure 18. Effects of h{gh and low levels of dietary nolybdenu¡D upon

dry nat,ter disappearance beEween various locations along

tLe dfgestf.ve tract.

Legend

I Mean of HM treatrments1-

Ø Mean of LM treatnents

StgnÍficant differences are noted
**P<0 .0 I
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50.2í. The hlgher dletary Mo conùent appeared to nodify nlcrobial
netaboris t'hereby lncreasing DM digestibirity by these organlsms, and

increasing DM digestibility overall (Table 3).

Cellulose dJ-gestion by mlcroorganisns ln the ru¡en was stlnulated

in vitro by bhe addltion of 10 to 200 mS Mo L-1 (Durand and Kar¡ash1na,

1980). Positlve effects of Mo upon cellulose digesÈion have also been

noted by l4artinez and Church (1920). McNaught et aI. (1950) and Sala

(1957) founo a negative effect of Mo upon celrr¡Lose dlgest,ion. The

presence or absence of rumen fruld 1n the in-vltro incubat,ion and

lnt,eractlon with oüher elenents nay explain the dlfferent reaponses

(elt1s et al., 1958). Hhen both Cu and Mo were lncluded in incubatÍon

medla (sttts et al., 1959), celrurose dtgestion was stlmuLated.

A h18h digestibillty of celll¡lose, and possibly totat ceLL wall
with added Mo nay offer one explanation to ¿he hlgher DM dlgest,lbllity
by rtuen nlcrobes. Other factors to consider are the pþsical fora of

t,he diet and the proportlon of hay to graln in the dlet. The hay was

ground to 1.5 c¡n before being perreted along with barley and other
constltuents (Table 1 ). The digestibility of DM is conslstentJ.y lcr¡er

wlth fine ground and peÌlet,ed roughages relat,Lve to chopped roughages

(glaxter and Grahan, 1956; Johnson et al., 1964). The grinding and

peIlet,lng of roughages wilr depress the DM dfgestibilit,y of these

feedsüuffs up to 5 percentage unlts (NA^S-NRC, 1984).

The positive effect of Mo upon flbre digestion as the sore

contribution to DM digestibirlty is questlonabre. Hlthout, Mo presenb,

bhe salr particre size, dlgestion of those particle s and rate of

--
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passage consideratlons (lJarner, 1981) of the hay in this experinent

wor.rld contrlbute to DM digest,lon in a dlrection opposite to t,hat

neasured (taUte 3).

Barley was a naJor conponent in the dlet, (Table 1). rf the najor

effect of Mo was not upon cellulose dfgestlon, then perhaps the

dfgestlon of dletary components, such as starch frm the barley was

nodified.

5.2 Cooper

The concentratlon of cu in the diets was lcn at z.g to 3.g ng kg-1

DM (taute e). A suggested requlrenent for cu is I ng t<g-1 DM, wlth a

range of 4 to 10 ng kg-1 ol,t deslgnated as acceptable, depending upon the

Mo and s status of the dlet (t{AS-NRc, 1994). copper status of steers

before and during the experinent was not assessed. It was assuned t,hat,

cu status for all steers before the experlnent was slmll-ar.

The nean concentratlon of Cu 1n the rrmen fluld supernatant lras

8.65 ¡e g-1 soluble DM (Table 6). Lcn¡ concentrations of trace elenents

such as cu, are found in the rumen fluld supernatant due to the

fornatlon of lnsoruble conplexes and accunuration of cu in
nicroorganlsos. Conslderable accruulation of Cu ln the cell r¡alls of

nicroorganlsms has been noted (Durand and Kar¡ashina, 19g0). The

concentratlon of soluble Cu 1s nuch lower in the runen than Ln the feed

(Brenner, 1970; Ivan and Veira, 1981). A1nost BBf of the Cu present Ín

the rtmen digesta of sheep fed drled grass was associated wiùh the solid
phase, wlth over 50f of the t,otal cu present in ühe large particulate

LÉ
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naberial. The renaining fraction of Cu was equally dlstrlbuted among

the various bacterial and protozoal fractlons, and the llqr-rld or soluble

phase (Price and Chesters, 1985).

The concentratlon of soluble Cu in the rrmen fluld supernatant did

not dlffer in response to Mo or S; hcnrever, ntmerlcal dlfferences were

noted (Table 6). The nean concentratlon of soluble Cu was 8.24 and

g.OTfg g-1 DM for the HM and LM diets, respect,ively, and 5.26 and

12.!ls s-1 DM for the HS and LS diet,s, respectlvely, the concentratlon

of cu for the HMHS treatnent, was nLuericarly the rcn¡es! at 4 .zB pe g-1

DM. A high variation anong lndlvidual neasures nay have precluded

shcnlng a stgniflcant dlfference (Table 6).

Effects of dletary Mo or s, or Mo prus s upon the solublllty of cu

in the ru¡nen fluld vaty. lfllls (1960) and M1IIs et aI., (1977 ) reported

a lower concentration of cu 1n the runen fluld of sheep and cattle,

consuning dlets r¡ilh added Mo and s. rn contrast, Chesters et ar.

(1982) suggested that a lack of an effect on soluble Cu in the runen was

due to changes wlthln the nicrobial cells and not ln t,he soluble phase

as the result of an lnt,eraction wlth thlcmolybdates. Ivan and Veira

(1985) found that soluble Cu was not different wi.th lcr¡ or hlgh dfetary

Mo, but decreased proportionat,ery wlth the prorlsion of supprenental cu

to sheep. Prlce and Chesters (1985) obsen¡ed that, although added Mo

lncreased the concentratlon of Mo in dlgesta fractlons in ühe rtmen, Mo

did not alter the concentratlon of Cu in nmen fluld supernatant. A lcr¡

diefary content of Cu (taUte 2) may preclude a neasured effect of Mo and

S upon soluble Cu 1n the rrmen.
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The Cu enùerlng the proxlnal duodenrm ranged frcn 135 to 185l of

thab ingest,ed (Table 5). Thls represented a net secretÍon of 6 to'10 ng

cu day-1 before the pro:c1nar duodenrm (Table 5). Water consrmpt,ion by

sbeers would have contrlbuted about 2.3 W Cu day-1 (Appendix Table C).

A considerable secretlon of Cu into bhe dlgestive tract, before the

proxlnal duodenrm in t,he order of approxlnately 4 to 8 ng day-1 ls
noted. The higher anounts of Cu enterfng the proxinal duodenrm relative

to thaf consrmed origlnates vla bhe saliva and also by direct, secretion

through the runen epitheliun (Stevenson and Unsworth, 1978; Grace et

â1., 1982; Georgievski.l, 1982; Grace and Gooden, 1980). These

endogenous secretlons r¡ould tikely account for the lncreased Cu flow at

the proxlnal duodenum. Brenner and Davies (1980) suggested that the

abcrnasum could also be a naJor site of Cu secretlon before the proxlnal

duodentn. The net secretlon of Cu before bhe proxinal duodentm varies

considerably 1n sheep (Grace, 1975; Stevenson and Unsnorth, 1978; fvan

eù aI; 1979; Ivan and Velra, 1982) and cattle (Bertonl et al., 1976a;

Ivan and Grleve, 1976).

The flow of Cu at the proxlnal duodenrm as a percent of lntake was

Icner with the HS diets (Table 5) and averaged 153f and 182f for the HS

and LS dlets, respectively. It 1s posslble that a hfgher dietary S

lntake modified the recycling of Cu vta the saliva or reduced other

endogenous Cu secretlons before the proxlnal duodentm.

The percent soluble Cu and bhe flcr¡ of soluble Cu at the proxinal

duodentm were all lcr¡er with the HM and HS dlets (Table 4, Flgures 2A

and 3A). The roean proportlon of soluble Cu at the proxlnal duodenru
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Figure 24. Effects of high and 1o¡¡ levels

the total and soluble flor¡s of

and ter-rninal ileum, and total

of dietary rnolybdenr-rm upon

Cu at the proxim¡l duodenum

fecal excretion of cooper.

Flgure 28. Effects of high and

the net novement of

along the digestive

low levels of dietary nolybdenum upon

copper betr¿eeu varLous locations

tract.

Legend

I Mean of I{M treatments

V2 Mean of LM treatments'/À

E] soluble flow

Significant differences for soluble

*P<0.05

r,*P<0.01

Cu flow are noted.
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Figure 34. Effects .of high. and low 1eve1s of dfetary sulfur upon the

total and soluble flows of copper at the prox{ma1

duodenum and terminal lleum, and total fecal excretfon of

copper.

Figure 38. Effects of high and 1or¿ levels of dietary sulfur upon the

neE movement of copper betveen various locations along

che digestive tract.

Legend

m Mean of HS treacnents

= 
Mean of LS treaÈnents[-J

E soluble flow

Signlficant differences for soluble Cu flow are noted.
*P<0.05
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Figure 3A
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with the HM and LM dlets was 12.21 and 18.61 (Table 4) respectively,

r¡lth correspondlng soluble Cu flcr¡s at 2.8 and 4.4 ng day-1 (Table 4,

Fig. 2A). The mean proportlon of soluble Cu at the proxJ-nal duodenun

with the HS and LS diets was 12.81 and 18.0f, respectivety (tabte 4)

with correspondlng soluble Cu flows at 3.04 and 4.20 u¡g day-1,

respectively (Table 4, Fig.3A). Both Mo and S were exerting an

lndependent effect upon cu sorublrtty ab the proximal duodenrm.

Chesters et al. (1982) observed that durlng passage of dlgesta fron

runen to duodenrm' the proportlon of soluble Cu renalned constant with

1or¡ Mo dlets' but decreased by about 50f with hlgh Mo dlets relative to

the lcr¡ Mo diets. Ganthorne et al. (1985) reported that in vltro and in
vivo addltlon of annonlun molybdate at 25 ng kg-1 Mo halved the

proportlons of acid-soluble (TCA) Cu 1n varlous fractlons 1n ruren

dlgesta. The reductfon of Cu solubility by S 1s thought to be a resuJ.t

of the f ormatlon of an lnsoruble cupric suLflde cmprex (cus) which

would be formed under favorable runen condltions (Mason, 1981).

I{hite the HMHS contrast was not slgnlficant for the percenb soluble

Cu at the proxlnal duodenrn (Table 4, Contrast III), the HMIIS value at

10.51 r¡as nlnerlcally the lowest, hcnrever, ccnpared to the other three

treat¡nents. Both Mo and S were synergistfc 1n decreasing the solubllity

of Cu ccupared to Mo or S alone. In addltlon, Mo absorptlon was reduced

by the HS dlets ln the suall lntestine (Tabte 8, Fie. 4B). Thus the

effect of Mo and S upon Cu solubility (taUte 4) and S upon Mo

absorptlon(Table 7) wor¡Ld lndicat,e the presence of a Cu-Mo-S complex in



F
lg

ur
e 

44
.

E
ffe

ct
s 

of
 h

lg
h 

an
d 

lo
w

 d
le

ta
ry

le
ve

ls
 o

f 
m

ol
yb

de
nu

m
 
up

on
 t

he

ap
pa

re
nt

 d
lg

es
ttb

lll
ty

 
of

m
ol

yb
de

nu
rn

 a
nd

 v
ar

lo
us

 7
" 
flo

w

re
la

tL
on

sh
lp

s 
al

on
g 

th
e

dl
ge

st
iv

e 
tr

ac
t.

F
lg

ur
e 

48
.

Le
ge

nd

I 
M

ea
n

W
 

M
ea

n

lll
lll

l M
ea

n

É
 

M
ea

n

E
ffe

ct
s 

of
 h

ig
h 

an
d 

lo
w

 d
le

ta
ry

le
ve

l-s
 o

f 
su

lfu
r 

up
on

 t
he

ap
pa

re
nt

 d
lg

es
tib

flt
ty

 
of

m
ol

yb
de

nu
m

 a
nd

 v
ar

fo
us

 7
" 

fL
ow

re
la

tlo
ns

hl
ps

 a
lo

ng
 th

e

dl
ge

st
lv

e 
tr

ac
t.

of of

I

H
M

LM

tr
ea

 t
m

en
ts

tr
ea

 t
m

en
ts

of
 H

S
 tr

ea
tm

en
ts

of
 L

S
 t

re
at

m
en

ts

S
lg

nl
flc

an
t 

di
ffe

re
nc

es
 a

re
 n

ot
ed

rt
P

<
0.

05

'tt
rP

<
ü 

" 
01



-t
I

I08



F
lg

ur
e 

48

A
pp

ar
en

t
dl

ge
 s

tlb
lll

ty

O \'o

D
uo

de
na

l 
lle

al
 

F
ec

al
f 
lo

w
 

f 
lo

w
 

ex
cr

el
lo

n
Iz

or
] 

[ 
%

ot
 I

 
lg

ao
t]

lrn
,"

r"
J 

I 
ou

oa
en

at
l I

 rr
""

r 
I

I 
flo

w
 I 

I 
flo

w
 J

F
lg

ur
e 

4A

A
pp

ar
en

t
dl

ge
st

lb
lll

ty

10
0

80 60 40 20

0
D

uo
de

na
l 

lle
al

 
F

ec
al

f 
lo

w
 

f 
lo

w
 

ex
cr

et
lo

n
lv

"o
tl 

f 
to

ot
 I 

Iv
"o

rl
lrn

,u
r"

l 
lo

uo
oe

nu
rl 

llt
ea

r 
I

I 
flo

w
 I

 
I 

flo
w

 ..¡

ò9 c c, (, q) fL



i10

the sna1I lntestine. Therefore, it 1s llkely thlmolybdates were

forned, thereby reducing the solubillty of Cu.

At the concenfratlons of Mo and S used 1n thls experlnent (Table

2), the synLhesls of thicmolybdates is lfkeIy. Rrmen synthesf s of d1-,

tri-' and tetrathionolybdates have been denonstrated 1n both sheep

(Price et â1., 1987) and cattle (Hynes et âI., 1985) consr:ming diets

hleh 1n Mo and S.

Price et al. (1987) reported t,hat alnost 701 of the radioactlve

99Mo was assoclated wilh the solids of the rrmen dlgesta, nalnly as tri-

and tetrathicnolybdates. Ga¡rthorne et al. (1985) demonstrated thaf

tetranolybdate ab 5 nB Mo tg-1 consistenlly decreased t,he TCA-solubilfty

of Cu 1n rtmen dfgesta. Thls TCA-tnsoluble Cu nas bound to partfculate

matter and protelns, üogether wfth Mo. Gawthorne et al-. (1985)

concluded that thlcnolybdates rapfdly react with partlculate mat,ter to

forn conplexes bhaü bind Cu strongly and reduce the solubllfty of Cu in

TCA.

Kelleher et aI. (1983) reported that a slgnificant, proportlon of

the bhlonolybdates forued ln the runen escape destructlon in the acld

er¡virorment of the abonasum. Prlce et al . (1987 ) obsen¡ed dlfferences

in t'he proportÍons of the Mo contalnlng constituents betr¡een rtminal and

duodenal digesta solids. The persj-stence of bound tetra-thicmolybdate

was noted. The relatlve proporblon of trL-thlonolybdate was also loerer

in the duodenal dlgesta than in runinal dlgesta.

The percent soluble Cu at the ternlnal iLeun was hlgher than that

of the proxlnal duodenrm (Table 4). Thls difference in the percent
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soluble cu fractlon at the lrern has been denonstrated by Brenner (1920)

and Ivan et al. (1983a). Gollan et al. (1971) have found substances

that forned soluble conplexes wlth Cu under alkallne condltlons 1n hrnan

allnentary secretlons, desplbe the hl.gh pH at the lo¡rer sall lntestlne.

Aù the terninal fletn, the mean percenb soluble Cu for the HM and

LM dlets (faUte 4) respect,ively nas 48.61 and 61.11 while the

correspondlng soluble Cu fIø rras 11.0 and 13.5 rng day-1 (taUte 4,

Fie. 2A). The nean percent, soluble Cu for the HS and LS dlets (Table 4)

respectivery, was 48.1Í and 60.8f, and the corresponding sorubre flcn

was 10.9 and 13.6 mg day-1 (Table 4, Flg. 28).

I{hen the effect of Mo and S was lnvestlgated using contrast 3

(Table 4)' the solublllty of Cu at the termlnaJ- lIer¡n was also lcr¡er

with a tendency for lower flow of soluble Cu into the large intestlne

(Tab1e 4). A foruatlon of thlcmolybdabes and a binding of Cu to those

thlcnolybdates in the partlculate fractlon would explaln the effect of

Mo and S upon the solublllty of Cu (Prtce et aI., 1982).

Prf ce et aI. ( 1987) reported bhat free thlmolybdates r¡ere not

detected in the Ilquld phase of dlgesta at the ternlnal llerm.

Neither HM nor HS lnfluenced the absorption of Cu in elther the

salI or large Íntestlne (Table 5, Flgures 28 and 38) . Hcnever, overall

Cu absorpù1on dlstal to the proxlnal duodenum (Table 23) tended to be

lower wlth the HM dlets, with a tendency for an increased fecal

excretlon of Cu (Table 4, Fle. 28) and a tendency for decreased apparent

dlgestiblllty for Cu r¡ith the HM diet,s (Table 5 ) .
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It is not clear wþ HM or HS diets dld not lnflr¡ence Cu absorptlon

wlthin the snaLl lntestine. Gooneratne et al. (1986) have denonstrated

a high endogenous loss of Cu in the bile when thlcnolybdafes were

lntravenously adminisbered, and proposed that endogenous losses of Cu

could also occur from other tntest,lnar secrettons. There Ls a

posslblllty t'hat endogenous secretlon rdas equal to the amount of Cu that

was absorbed.

A hieh urinary output of Cu al-so occurs when dlets were hlgh in Mo

and s (Gooneratne et â1., 1981a, b; Ammeraan and Goodrich, 1983).

Gooneratne et al. (1985, citing Flsher et al., 1976) obse¡¡¡ed increases

1n fecal Cu excretion 1n catlle glven hlgh Mo diets.

Conslderable absorption of Cu occurred dlstal to ühe proxlnal

duodenum. (Table 23). This has been obsen¡ed by Grace et al. (1974),

Bertonl et al. (1976a), Stevenson and Uns$¡orth (1978) and lvan et al.
(1979). In the present, experlnent, nore Cu was absorbed in the large

lntestlne (taUte 5) than fn t,he snall lnt,estlne. Bertor¡l et al. (1976a)

reported a considerable absorptlon of cu in the rarge lntestlne, but a

variabre absorpt,lon of cu 1n the saII int,estine of cattre. Grace

(1975) and Ivan et al. (1983a) also obsen¡ed conslderable Cu absorpblon

1n the large intestlne of sheep.

The apparent digestibillty of Cu acroas breatnents (Table 5) ranged

fron 1.3 fo 27.51. It can range fron -15 Eo +351 (Grace, 1975; Bertoni

et af., 1976a; stevenson and unsworth, 1978; rvan et aI., 1gT9j Grace

and Gooden, 1980; Ivan et al., 1983a). True absorption of Cu is low, at

about 5f. A hleh proportlon of diet,ary Cu appears in the feces. Also
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tbere 1s actlve excretlon of Cu via

(Unden¡ood, 1977t Grace, 1983).

b11e, a naJor roule of Cu excreblon

5.3 Molybdenrm

5.3.1 fnfluenge of dietary Mo

The lntake of Mo wlbh the HM diets nere approxinately Z-fo1d hlgher

than that wlth the LM dlets (TaUfe 7¡. Desplte the hlgher flow of Mo

at both the proxinal duodentm and terulnaL ilerm wlth the HM diefs

(tabte 7¡, the sa¡ne proportion of Mo was absorbed before the proximal

duodentm and in the mall intestine (Tab1e 8, Flg. 4A). DuodenaL flcn¡

was 85.11 and 89.71 of lntake for the HM and LM dlets, respectively

(Table 8, Flg. 4A). r1eal flc¡¡ r¡as af 58.91 and 29.51 oî duodenat flcn

for the HM and LM diets, respectlvely (taUte 8, Fig. 4A). Slnce the

amounf of Mo absorbed before, and wlthin the s@aII intestlne l¡ere the

sane regardless of the dletarv Mo content, revel of dletary Mo had no

effect upon the fracbion of Mo absorbed.

Kosarek (1976) and Kosarek and l,llnston (1977) found that at higher

Mo intakes and at resr.¡Ltant higher concentrations of Mo 1n the lruen, Mo

was absorbed by passive diffusion. At lcn intakes, absorpt,lon of Mo

occurs by actlve transport (Cardln and Mason, 1gTj, 1976; Mason and

Cardln, 1977). Absorption by passive dlffuslon denonstrates Èhab there

1s littIe control over the anount of Mo absorbed (l{inston, 1981).

Plagna and tissue Mo levels are narkedly hlgher wlth increased dletary

Mo lntakes, a reflection of an lncreased absorption of Mo (Huber et al.,
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1971i Grace and Suttle, 1979i van Ryssen and Stielau, 1991; Adenosun and

Munyabuntu, 1982; Ivan and Veira, 1985).

Slnilar proportlons of Mo were absorbed (taUle B), whether Mo rras a

part of the feed natrfx in the LM diets, or as a Mo satt in the HM

d1ets. Molybdenrn is kncr¡n to be readily absorbed frcm nost diets and

1n lnorganlc forus (Unden¡ood, lgTT; Georgievskli, lgg1).

0n average, 8.67 and 1.04 ne day-1 of Mo were absorbed before the

proxinar duodenun wlth the HM and LM diets, respectivery (laute g).

There was also net absorption of Mo frcm the soall lntestlne, which was

15.9 and 1.7 ng day-1 for the HM and LM diets, respectlvely (taUte g).

l4111er et aL. (1972) dernonstrated that, no appreciable absorption of 99Mo

occurred ln the nnen and omasum, whlle Mason et aI. (192g) reported

thaü no radloactlvity frm 99Mo was absorb€d fron the runen. MiLLer et

al. (1972) dld report an absorptlon of 10Í of the daity intake of Mo

fron the abonasum. The principal site of Mo absorptlon 1n both sheep

and cattle Ls the sall fnbestine (MiIIer et al. , 1972; l,fason et ê1. ,

1978). More absorption of 99Uo tn cattle had occurred in the caudal

thlrd of the sall intestlne (MlIIer et aI. , lgTZ).

A snaLl net absorption of Mo was noted in the large intestine r¡ith

the LM dletsr t¡h1le a sall net secreùion occured with the HM diets

(Table 8, F1g. 4A). The feeal excretlon of Mo was 105f and 89f of ileal
flor¡ wlth HM d1eüs and LM dlets, respect,ively (Tab1e B, Fle. 4A).

The apparent dfgest,tblrity of Mo for the HM and LM diets was 40.2í

and 38.7f respectively (Tabte 8, Fig.4A). Whi1e Mo 1n feedstuffs and

frco inorganic sources are readily absorbed, apparent, absorpt,ion is IcÊ¡

LT4
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and has ranged frcrn 30 Lo 361 (Conar et aI., 1949i Miller et aI., 19TZ;

I'fason et aJ.. , 1978) 1n cattle and sheep. Grace and Suttle ( 1 929 )

observed that fecal endogenous losses of Mo can be as great as 38 to 5zl

of the total Mo fecal excretlon wibh endogenous blllary excretion

confributlng to fecal excretion (sca1fe, 1956). True absorption of

dletary Mo can be as high as 84f (Grace and Suttle , lgTg).

5.3.2 Influence of dietary S

Hlgh dlet,ary levels of s resuLted 1n a narked reduction in Mo

absorption wÍthin the sall lntestine (Table 8, Fig. 48). IIeaI ftcr¡ of

Mo lras 881 and 60.\l of duodenal flow for the HS and LS diets

respect,ively (Table 8, Flg. 48). Actual Mo absorptlon r¡1thin the soall

intest,tne was 4.17 and 13.4 ng day-1 for the HS and LS diets,

respectj.vely (Table 8). The lower Mo absorption with bhe HS dlets

wlthin the snall lnt,estine Ied to lncreased fecal Mo excretlon with the

HS diets (Table 8).

Bofh the absorptlon of Mo ln the snall intestfne and the fecal

excretlon of Mo in feces 1s dependent upon the s sùat,us of the dlet. A

IcÉrer absorpù1on of Mo due to elevated dietary S levels is nanlfest,ed by

a lcr¡er blood and tlssue level of Mo 1n both cattle (Cunnlngnaro eb a1.,

1959; Huber et a]., 197'l; Ìllt,tenberg and Bolla, personal connunication)

and 1n sheep (Mason eb â1., 1978; Grace and suttre, 197Ð arong wlth

lncreased fecar excret,lon of Mo (Mason et ar., 1978; Grace and suttle,

1979).

-l
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The lnfluence of suLfur upon Mo absorptlon was partlally explalned

by Dick (1956). According to Dlck (1956), lnorganlc sulfate interferes

wlth Mo absorpt,ion r¿hen the concentration of s is high enough by

prevenling the transport of Mo across the lntestlnal nenbranes. Cardln

and Mason (1975, 1976), and Mason and Cardin (1977) recognized that both

sulfate (so4-e¡ and nolybdate (MoO4-2) because of a slnllar size, charge

and cor¡ffguration, ccrnpete for sltes on a coumon transport systen in the

bovine ileun in a nanner sinilar to that in the rat intestine. In the

ovine lntestiner the sulfate ion ccmpet,es effectlvely with nolybdate,

wh1le nolybdate is l-ess conpetltive relatlve to sulfate.

The foruation of S-Mo ccuplexes whlch are largely unavailable for
absorptlon (Dlck et al., 1975t Mason, 1981) reduced the absorption of Mo

in the dÍgestive tract. Thlmolybdates wblch form under conditions of

hlgh dlet,ary S Ieve1s reroaln prlnarily assoclated with the solld

fractlon ln dlgesla. This associaùfon allcffs for a stabillüy of the

Mo-S conpounds (Prfce eb al., 1982).

The HS diets contribut,ed to a Ior¡er Mo flcn al the proxlnal

duodenum. The flot¡ of Mo at the proxlnaÌ duodenumwas 78.4 and 96.4f of

lnt,ake for the HS and LS diets, respectively (table 8, Fig. 4B). A

recycling of Mo has been described by SuùtIe and Grace (1978) and by

Grace and Suttle (1979). Sr¡Lfur conpounds 1n the dlet lncrease urinary

Mo excretlon (!'tason et aI., 1978), decrease Mo retentlon in the body and

decrease the recycrlng of Mo to the rr:men (Grace and suttle, 1979). A

high dietary S content reduced the Mo recycled vla sallva by reducing
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the amount of Mo 1n the body that was available for secretion (Grace and

SuttIe, 1 979).

The apparent' dlgestlbtllty of Mo tended to be lcrrer r¡lth bhe HS

diets (Table I, Flg.4B). Apparent digestibillty of Mo for the HS and

LS dlets was 33.91 and 45f, respectlvely (Table 8, Fig. 48). Fecar Mo

excretlon increased 1.25X as S levels were elevated to 3.9 g kg-1 DM

(Table 7). Fecal Mo excretion ln sheep was lncreased an average of 1. ZX

when S int,ake was Íncreased froû 0.93 to 3.23 e day-1 (Grace and Sutt1e,

1979). That elevated lntake of S also reduced the true absorptlon of

dletary Mo frcn 80Í Lo 3Tl.

5.4 !,hnganese

There was a lcrer concentrati-on of soluble Mn 1n the DM of the

ru¡nen fluld supernatant with the HS diets (Table 1 1 ) . The concentratlon

of Mn r¡lthin the rtmen fluid supernatant was 54.1 and 66.8¡e g-1 ttn OM

for the HS and LS dlets, respectively.

Low concentratlons of soluble trace el_ements such as Mn, are

normally found in the supernatant fractlon of ruren fluld. Thls 1s due

to an accumulatlon of Mn 1n bacterla and proüozoa and due to the

fornatlon of lnsoluble M¡r cmplexes (Durand and Kawashlma, 1980). Ivan

and Veira (1981) and Brenner (1920) have reported thaf the percent

soluble M¡r ls four to five ford lower 1n rrnen fluld than in feed.

Much of dletary Mn is converted into lnsoluble conplexes in the

rÌmen (Brenner, 1970). Trace eleroents form cmplexes wibh anlonlc

Ilgands. These llgands nay be inorganic conpounds such as sulfide, or
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organlc colnpounds such as phyllc acid, anlno acids and fatty acids which

are end products of nicroblal ferrenüation (l{etzeI and Menke, 1978).

Brenner (1970) 0etected several soluble cationlc and anionic Mn

containlng ccoplexes and a naJor neutraf !,ln conplex in the runen fluid

of sheep.

High levels of supplenental S result 1n hlgher sulflde-S

concentratlons 1n the nmen fluld (Kandy1ls and Bray, 1987). A soluble

Mn conplex nay have reacted wlth the sulffde to for"n an lnsoluble !,fn-S

ccoplex ln bhe runen.

The solubillty of l,ln ls hfgher at a lcr¡ runen pH (Nfkolic eb a1.,

1978). Although the rtmen pH was not examtned, it is possible thaü the

pH of the ru¡nen lras low enough to enhance the solublllty of Mn;

consequently, a Mn-S lnteractfon is possible.

Sut,tle (1984) suggested bhat Mn, IÍke Fe, fs capable of trapping

sulflde gas to produce acid-lablle sulfldes. If dieüary Mn reacted wlth

sulflde solely ¡rlth1n the rtmen, then t,he lack of an effect of sulfur

upon Mn ln the rest of the dlgestlve tract (Tables 91 10 and 11) ls

explaLnable.

The concenbratlon of !,f¡n ln the duodenal supernatant DM was about

twice that fn runen fluld (Table 11). The solubllity of Mn 1n bhe

duodenal dlgesta was 81.9f (Table 9). The lncrease in the concentratlon

of soluble Mn and the hlgh solubillty at fhe proxinal duodenrm upon

passage through the rtmen was ln agreenent wlth the results of Bre¡oner

(1970), Ivan and Velra (1981) and lvan et al. (1983a). Accordlng to

Bremner (1970), a large increase in the solubility of Mn occurs durlng
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the passage of dlgesta frco the rumen to the abo¡nasrm. this apparently

arises frcu the dissociatlon at low pH of lnsoluble Mn ccmplexes that

are not sufficlently stable to er1st, lntact 1n the abornasum. fvan and

Veira ( 1981) and Brenner ( 1970) obse¡.r¡ed bhat the solubilf ty of Mn in

the abonasal digesta was four to five ti¡nes higher than that ln the

runen.

The solubillty of Mn at the te¡"ninal ller.m was 11.7f and was seven-

fold lower than thab at the proxl¡nal duodenu¡n (tabte 9). Slnilar

changes 1n !,1¡n solublllty have been reported (Bremner, 1970; Ivan et al.,

1 983a) .

The apparent digestlblllty of Mn ranged fræ 11.41 to 1T.TÍ

(Tabre 10) and Lfes wlthln the range of 1 to 251 reported for cat,tre

(Bertonl et al., 1976a) and for sheep (Grace, 1975; Ivan et al., 1lg1g,

fvan eü a1., 1983a). Absorption of Mn fron feeds Ls considered to be

1cr¡ wlth aduJ.t rt¡mlnants and can range between 10 to 18í of intake

(Georglevskif, 1982). Gibbons et aJ.. (1976) and Sanson et at. (19T8)

suggested that a constant fraction of dietary Mn of approxinately 1f, is

absorbed frco the intestines, over a wlde range of concentration of l,f¡r

fn the dlet.

lhnganese 1s knorn to be excreted almost, entirely in the feces,

wllh a snall fractlon excreted in the urlne (Grace, 1975; fvan et, al.,

1979i Georgievskll, 1982; Ivan et al-., 1983a). About 84.51 of the Mn

consrmed by cattle was excrebed in the feces (taUle 9). Homeostatic

control of I'f¡r retentlon 1s alnost entirely achleved by ùhe regulation of

fecal endogenous secretlon, wlth bile serving as the principal route of
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I'fn excrebion lnto the digestive tract (Bertlnchanps et al., 1966). The

excretion of Mn ln bll-e is related dlrectly to lhe absorptlon of Mn frora

fhe gastro-lntestinal tracb (Synonds and Malllnson, 1982). Excretlon of

Mn also occurs i.n pancreatlc julce and other lntestlnal secretlons to a

lesser extent (Unden¡ood, 1977).

The lncreased flor¡ of Mn at

lntake was slnllar to that neasured

proxlnal duodenrm relatlve to

net absorptlon along t,he maII

fhe

for

intestine (Table 10). Thls would suggest that the level of endogenous

l'fn secretion before the proxSmal duodenun were sirnllar to that absorbed

wfthin the mall lntestine. Grace (1925), Bertonf et ar. (1926a) and

Ivan et al. (1983a) have obse¡¡¡ed that the satt lntesti.ne was a region

of net secretj.on, wlth the leve1 of Mn leavlng the sall lntestine

greater than that whlch entered. rn thfs experlment, flcr of Mn at the

terninal ileun v¡as slnilar to that ingested by steers (tabte 9).

Manganese flcry at the terninal 1ler.¡n ranged fro¡n 84.4 to g\.31 of

duodenal flcr¡ (Tabfe 10).

l4anganese is equally well absorbed throughout the length of the

smalr intestine (undervood, 1977). rt 1s apparently absorbed 1n the

ionlc (Un+e¡ forn (Brenner, 1970). The principal site of Mn absorptlon

wlthin the srnall intestine 1s the duodenum (GeorglevskÍi, 1982).

Absorpblon of l.ln also occurs ln the large lntestlne (Grace, 1975i

Bertoni et aI., 1976a; Ivan et aJ-., 1983a). Fecal Mn excrebion was 8J.J

to 88.61 ot ilea1 flor¡ (Table 10). Sfnllar values have been reported by

Bertonl- et al. (1976a) and Grace (1975).
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The ¡¡ean concentratlon of Mn in the diet fed to steers was

19.2 ns ks-1 DM (Table 2). The suggested requlrenent fs 40 ng kg-1 DM

for gronlng steers, with a range of 20 to 50 mg kg-1 DM (NÀS-NRC, 1984).

Unden¿ood (1977) suggested t,hat, 20 ¡ng kg-1 DM is adeqr:ate for growlng-

flnlshing cattle. The Mn level in the diebs (fabte 2) was 1or¡ in teros

of an absolute requlrenent. This wor.¡ld account for the high net

absorpt,ion of l,fn frcm the sall tntestlne (Table 10).

The feeding of high dletary Mo reduced the flcn of Mn aE the

proxinal duodenun (lable 10) and reduced the net absorptlon of M¡r dlstal

to the proxlnal duodentm (taOte 23). The nechanls of a Mo x Mn

interactlon 1s not ldentifiable. The total net absorptlon of Mn along

the dlgestlve tract (feca1 excretlon relatlve !o that consrmed), was not

affected by Mo (Table 1 0). DÍetary Mo had no effect upon the total

solublI1ty and ùotaI absorbablllt,y of Mn in bhe fntestinal tract

(Table 9).

5.5 Zlnc

the higher flor¡ of Zn aE the proxlnal duodent¡n relatlve to bhat,

consumed, at 1tl7-1891 of lntake (tabte 13) has been reported for sheep

(Grace, 1975i Stevenson and Unsworth, 1978; Ivan et aJ-., 1979) and

cattle (M1ller and Crag]e,1965; Hlers et al., 1968; Bertoni et al.,

1976a). DuodenaJ- ftor¡ of Zn as a percent of lnbake has ranged fron 105f

to as hlgh as 280f in the above tisted referenees.

Considerable quantlti.es of Zn were secrebed before the proxinal

duodenrm in the range of 54 to 94 ng day-1 (Table 15). An estlnated
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1nput, of Zn 1n tap waùer was 17.4 ng day-'l (Appendlx Table C). A net

secretlon of Zn lnto the runen and retlcr.¡lun has been denonstrated

(Hiers et âf., 1968). Large quantities of Zn are secreted vla the

sariva (Grace et aI., 1982) and are transported through the ru¡nen

epithellrm (I{atson and Kaste1ic, 1967). Gastric secretlons may also

conbribute to the higher flow of Zn at the proxl-nat duodenrm; however,

the abonasun 1s consldered a region of net absorption of Zn (Hiers et

aI., 1968; Mlller and Cragle, 1965). M1l1er and Cragle (1965) reported

an apparent absorptlon of 351 of dietary 65Zn between the r¡outh and

abmasle of young calves and nature cchrs.

The concentratlon of Zn ín the duodenal supernatant (Table 11) Ifke

that of Mn' was hlgher than that, fn the runen fluld supernatant. The

lcrer concenbratlon of Zn in the rurnen ftuld ls due to the fornatlon of

insoluble complexes and acctmulabion of Zn tn bacteria (Durand and

Kawashina, 1980). Zj,nc is present in bacterlal cell r¡alls and nay

acctmulate in certaln organlss in extreuely high concentrations. Much

of the ceLl associated Zn 1s bound non-speclflcally to cell surfaces

(Durand and Kawashfma, 1980).

Both the concentratlon of soluble Zn and the percent solublllty of

Zn change with the passage of digesta through the abcmasun. There is

dlssociatlon of lnsoluble Zn conplexes at Icr¡ pH (Brenner, 1970). Ivan

and Velra (lggl) reported thaü percent solublllty of Zn in the rutren was

12l, but was 911 ln lhe abonasun. Bremner (1970) observed a sfnllar

change of so1ublllty of Zn fron 6f in the nmen to 50.41 tn the abmastu

and 59.91 1n the duodenum. Ivan et aL. (1983a) also found hlgher
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concentratlons of Zn ln the supernatant fractfon of duodenal digesta ln

contrast to thaf neasured in n¡nen fluid.

A reductlon in bhe pereent solubillty and flc¡ of soluble Zn

(Tabre 12) ln the duodenal digesta were noted for the HS diebs. The HS

diets also redueed the concentratfon of Zn ln the duodenal digesta

supernatant (taute 11). The nean solublliùy of zn at the proxinal

duodenrm with the HS and LS diets was 66.1f and 80.11 respectlvely. The

nean soluble frow of zn for the Hs and Ls dlets were 115 and

156 nS day-1; the nean concentraüions of Zn 1n the duodenal supernatant

were 178 and 22T ¡e g-1 soluble DM, respectlvely. A reductlon ln these

paraneters wlth lhe HS diets dld not influence the overall absorptlon of

Zn distaL to the proxinal duodenr:m (Table 23), within bhe snall or large

lntestlne (Tab1e 13) or the overall apparent dlgest,ibiltty of Zn

(TabIe 13).

Soluble Zn in the abomasum, duodentm and upper JeJunun 1s in bhe

free, ionlc (Zn+2) forn and 1s not complexed (Brenner, 19ZO). In an

lonic state, Zn*2 ls free to forn coordlnation conplexes with both

exogenous and endogenous llgands. These Zn-cøplexes vary greatly in

stabllity. Sme conplexes render the netal unavallable for absorptlon

(SoIonons and Couslns, 1984).

Zlnc sulflde ls soluble 1n acld and therefore, 1t ls unlikely that

suLfide was responslble for the decreased so1ublliùy of Zn aL the

proxinal duodentm (fab1e 12). Most of bhe sul-fur ùhat enlers the snaLl

lntestlne is proteln -S, rather than sulff de -S. Protetn -S is eit,her

of dietary or nicrobial origln (Bray and TiIl, 1975; Grace, 1983). If
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suLfide d1d not rest¡It ln a lcr¡er Zn solublllty at thls locablon, than

an end-product, of s uetaborlsn 1n tbe runen or a product, of proteln-s

breakdown in bhe abonasuo contrfbuted to the læ¡ered solublllty of Zn.

these nay have been peptides or pory-peptides capabre of renderLng zn

acLd-lnsolubre at the Iø duodenal pH, without a subsequent, effect on Zn

absorptlon within the sall or large intestine.

tllthln the lntest'ln¡] Eracb, Zn is associated wltb a variety of

llgands whlch may lnfluence the absorptlon procesa. Scoe llgands are in
the diet whlle others are produced by dlgestlonr op are present, fn

endogenous secretlons (Kratzer and Vohra, 1986). there is an enon¡ous

competlblon for bindlng of Zn among the many ligands ln the lntestinal

tract. These rigands in turn, nay have a large Lnfluence upon the

avafrabilfty of zn for transport to, and possibly across the brush

border of the lntestlnal eplthellun (Kratzer and Vohra, 1986). SnaL1

norecuLar weight bindlng agents, such as enino acids, and polypeptides

enhance lhe nucosal uptake and ¡¡J-tl-nately the absorptlon of Za (Mertz,

1986). srrlfur-anlno aclds, such as cysteine, a product of dlgestton,

has been shcÉrn to facirlbate bhe absorptlon of Zn (sandstead, 1981).

The nel absorptlon of Zn 1n the small lntestlne r¡as 35.6 ng day-1

(taUte 13). Zfnc ls absorbed in the abcmastm and t,hroughout bhe suaLl

intestlne (Mltrer and cragle, 1965; Hlers et al., 1968; Georglevskii,

1982; Grace, 1983). Endogenous zn 1s excreted in pancreatic, bile and

lntestlnal- julces, as well as 1n the large intestlne (Undenrood, 1977 i

Georgievskii' 1982; Grace, êt â1. , 1982; Graee, 1983). zine
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hcmeostasls fs nalntalned by both absorpüion and endogenous secretion of

Zn (GeorgÍevskii, 1982).

A net Zn absorption of 73 to 121 ns zn day-1 occu""ed in the large

lntestine (Table 13). 0n average, this net absorption Has 2.5X higher

corapared bo the net absorptlon of Zn within ühe mall intestine.

Considerable net absorptlon has been reported for the large intestine of

sheep (Graee, 1975) and cattle (Bertonl et al., 1976a). In sone

instances, zrt absorption fræ the rarge intestine l¡as higher than

absorption frcm the small lntestine.

The absorptlon of Zn dlstal to the proxi.rnal duodenr.u (Table 23) was

lower with the HM diet,s and averaged 106 ng day-1. A reduced Zn

absorption 1n the large intestlne (Tab]e 13r Fig. 58) contributed to the

lor¡ered overall zn absorpblon beyond t,he proxinal duodenru, wlth HM

diets. Absorptfon of Zn Ín the large intestine averaged 75 and

106 nS day-1 l¡1th the HM and LM diet,s, respectively (taUte 13, Fig. 58).

Fecal excretlon as a percent of lleal flcru averaged 47.6f and 30.9f with

the HM and LM dietsr respectively; fecal excretion with the HM and LM

dlets averaged 73.5 and 44.T rne day-1, respectlvely (laUte 13, Flg. 5A).

The reduced Zn absorptlon in the large lntestlne lras due to a lower

solubllity of Zn and flo¡¡ of soluble Zn at the terninal iLetm (Table 12,

Fig. 5A). SolubleZn aE the te¡uinal lleun for the HM and LM treatnents

was 27.71 and 45.21 of total Zn, respectively (tabte 12), whlle flcn¡ of

solubÌe Zn at fhe terninal ileun for these corresponding treatnents

averaged 41.6 and 62.3 ng day-1 (taute 12, Flg. 5A).



Figure 54. Effects of ll:tgtr- and lotr levels of dÍetary rnolybdenum upon

the t,otal and soluble flor¿s of zfnc at the proxinal

duodenuu and t,er.minal iler¡m, and total fecal excret,ion

of zinc.
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Little 1s known about Zn absorption in the Iarge int,est,ine.

Soluble Zn does exist in an anionic ccmplex of htgh nolecular weight and

a high percentage of Zn is bound to macro-nolecular materlal 1n the

Icner jejunuu and te¡rlnal ileun (Brernner, 1970). Dietary Mo may bind

ligand(s) and reduce the solubillty of those ligands 1n the lcr¡er maJ-I

intestlne rendering those ligands unable to fo¡"n a soluble Zn-ligand

complex at the near neutral pH ln the large lntestine.

The concentration of Zn in the dlet, l¡as lras 24.8 ng kg-1 DM

(Table 2). tJhile requlrmenf s for Zn are not preclsely defined, a

suggested vaJ-r:e of 30 ng kg-1 DM, with a range of 20 bo 40 ng ke-1 DM is
given (NAS-NRC, 1984). The apparent dlgestlbilfüy of Zn tended to be

lcn¡er with HM dlets (Tabre 13). A requlrement for Zn nay be artered by

other dletary ¡nfnerals through an effect, upon absorpblon and ut,illzatfon

(NAS-NRC, 1984).

5.6 Iron

There was a large net secretion of Fe before the proxlnal duodenrn.

Duodenal flow of Fe was 1531 of that, ingested (Table 15). A net

increase in duodenal Fe flcr¡ relative to fhat ingested has been reported

wilh sheep (Ivan et al. , 1979) and cattle (BerùorrÍ et aI. 1976a). I{ater

constmptlon by cattle was estinated to contrlbute approxlnately I to

9 ng Fe day-1 (Appendtx Table C). Salivary secretions nay also

contribute to the high flcns of Fe at the proxi¡al duodenum (Grace et

âI., 1982). Secretion of Fe across Lhe nunen eplthellm and gastrÍc
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secretÍons of Fe tray also account for an lncreased flcr¡ aü the proxlnal

duodenum.

The concentration of Fe in the duodenaL dlgesta supernatant, DM was

approxlnately four to slx ülmes higher than that l-n tbe runen fluld
supernatant DM (lable 1 1 ). Lcn concentratlons of Fe are found Ln the

supernatant fraction of rumen fluld both due to the fo¡ration of

lnsoluble conplexes or preclpitates and to the accunulatÍon of Fe in
nlcrobiar fractions (Brenner, 1920; Durand and Kanashina, 19Bo). rvan

et' al. (1983a) reported a hish concentratlon of soluble Fe in the

duodenal digesta ccmpared to rrmen fluld supernatant, of sheep fed corn

or alfalfa slIage dlets. Ivan et al. (1glg, 1983a) reported that ühe

proportlon of soluble Fe at the proximal duodenrm averaged about 25Í.

The average solubillty of Fe at the proxinal duodentrm 1n thls present

experinent was 48.1f (Table 14).

The concentratj.on (table 11) and proportlon of soluble Fe (Table

14) was higher in duodenal dlgesta than the rumen fLuid after passage

through the abonasum. this is due to the action of gast,rlc Juice whlch

splits the many Fe conpJ.exes forued in the rtmen and allcns foluatlon of

Fe salts' such as FeCI2. These salts are readily ionized and absorbed

1n the sûalI intestine (underwood, 1g7T, Jacobs and Won¡ood, 19I1;

Georgievskll, 1982). Ivan and Velra (1981) reported a lcr¡ solubility

for Fe in bhe ruren digesta of 4.31, but a substanüially hlgher

solubility of Fe in the aboraasal digesta of 20.11. Non-heme Fe, whlch

is nainly found in eereals and plants is'well utilized by ruminants

(Georglevskii, 1982; Hansard, 1983) and fs neleased as soluble hydrated
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Fe+2 or Fe+3 by the gastric juice (Jacobs and tlonrood, 1981) for

absorptlon in the lnt,estinal tract.

Absorption of Fe dlstal to the proxlmal duodenru (taUfe Z3) varied

considerabry frcm 121 to 246 ne day-1. Much of ùhe net, absorption of Fe

frcm the digestive tract occurued withln the sall Lntestine (Table 15),

except for the HMHS treatnent. A large variatlon in Fe absorption

occumed 1n the sall intestlne with absorptlon across all treatnents in

the range of 50 to 246 ng day-1. Ileal flcr¡ of Fe was TT Eo 951 of

duodenal flow (Table 15), fndlcatlng that about 5 fo 131 of the Fe that

entered the saIl lntestine was absorbed ln the maII lntestine. Iron is

absorbed frø all sectlons of the smalI lntestlne, with a princlpat slte

of absorption being the duodenum (Van Canpen and Mltchell, 1965;

Georgievskil, 1982; NAS-NRC, 1984).

There was a variable net absorption or secretlon of Fe in the large

lntestine (Table 15). Àbsorption of Fe does occur fron the large

intestine of cattle (Bertoni et â1., 1976a) and sheep (Ivan et â1.,

1983a).

More Fe ltas excreted in the feces than was consrmed, resultlng in

the overall negatlve apparent dlgestlbillfy (table 15). Fecal Fe

exeretlon ranged fron 509 to 77T Eg day-1 (Table 14). ltuch of dietary

Fe ls excreted 1n the feces with only saII losses occurring via the

urine (Anne¡nan eü aI., 1967, Grace, 1983; Hansard, 1983). Feca1 Fe

includes that, Fe unabsorbed fron feeds, endogenous losses of Fe due to

desquamated Íntestlnal nucosal celIs, aad excretion of Fe ln bile

(Georglevskll, 1982; Hansard, 1983).
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Intestlnal absorptlon of Fe ranges between 2 and Z}li horever, Uí

ls usually the average (Georgievskil, 1982i Hansard, 1983; Astmead and

Chrlsby, 1985). The auount of Fe absorbed 1s controlled and related to

the aninalrs absolute requlreraent and Fe status of lhe body. Aninals of

lc¡ Fe status or recelvlng diets deficient in Fe wlll absorb and retain

more Fe (Forth, 1974; Grace, 1983; Hansard, 1983; NAS-NRC, 1984).

A requireuent for Fe by cattle is not welL establlshed. Ca1ves

have a higher Fe requlrenent lhan older cabtle. According to ARC (1980)

and NAS-NRC (1984), the requirement for cattle weighing less t,han 150 ks

1s at 100 mg kg-1 DM, whlle that for older cattle weighing greater than

150 kg ls 30 to 50 ng ks-1 O!,f. The steers in thls experlment were not

Fe deficlent based on an Fe contenf of 120 ng kg-1 ol,t in the dlet (Table

2).

I{lth the HM dj.ets' there was a hÍgher apparent absorption of Fe in

the large intesüine (Table 15), which resulted in a l-cr¡er fecal Fe

excretion (tabte 14) that lnftuenced the overall apparent dlgestibllity

of Fe (Table 15). Slnce there was a tendency for a lcnrer flcr¡ of Fe at

fhe termlnal lleun wiüh HM diets, there lras a higher efficlency of Fe

absorptlon 1n the large intestlne. The enhanced Fe absorption in the

large lnüestine nay be due to a nodlfication by Mo of the Fe transport

procesa ln the large lntestine.

Since the level of storage Fe is related bo Fe absorptlon (Jacobs

and llomood, 1981; Lynch, 1984), Mo nay have modified Fe storage 1n fhe

spj-een or liver, thereby st,lmulaLing Fe upt,ake frcm the lrmen of the

large intestine. Willia¡ns et a]. (1983, citing Lee et âI., 1963) have
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shown that Fe accunu-Iates ln the intestlnal nucoaa and subnucosa of Cu

deficient sltine. Since Mo was present in hlgh levels along with lcr Cu

levels with the HM diets (Tabre 2), 1t 1s posslble that a poüentlar cu

deflclency 1ed to increased Fe uptake fron the large intestlne.

Hcneverr based on our presenb knorledge of lnteractions anong nlneraJ-s,

ib is not clear what i.s the actuaL nechanlsn involved that aI1ows

enhanced Fe absorptlon in the large lntestine by Mo.

5.7 Calciun

Nelther Mo nor s had an effect (p > 0.05) upon ca within the

dlgestlve tract of steers. The following dlscusslon conpares the

result,s obtafned ln the present experlnenb (Tabres 16,17 and 18) to

that reported in the literature.

The flcn of Ca at the proxlnal duodenum was 3.2 g day-1 higher

(Table 17) than the daÍIy lnbake of Ca aE 17.5 g day-1 (taUte 16). The

flow of Ca at the proxl¡al duodenun was 1181 of intake (Table 1Z).

Duodenal flcry of ca reratlve to lntake of ca by sheep (pfeffer et a1.,

1970¡ Ben-Ghedalla et al., 1975; Grace et af., 19TTi Stevenson and

Unsnorth, 1978; l{ylle et aI., 1985; Rahnena and Fontenot, 1986) and

cattle (Perry et aJ.. , 1967; Keup eb al. , 1gT3; Bertonl et al. , 1976b;

Goetsch and Owens, 1985) has ranged fron 110 üo 140f.

Goetsch and Owens (1985) suggesbed that more Ca lras recycled to the

rutreno-reticultm, ooasun, or abomasr,¡n wlth a high grain diet fn order to

aid the activation of anylase for st,arch breakdcr¡n. Recycllng of Ca in
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sallva could conbribute 1 to 2 g Ca daity. l{ater consì.med by the steers

cont,ributed an addltlonal 0.6 I day-1 (Appendix Table C).

Grace et a]. (1974), Liebhotz (19Tr), Greene et ar. (1993), rvan

et aI. (1983b) and Grlngs and !,fales (1987) have found a net absorptlon

of Ca between nouth and duodenum. Hcnever, endogenous secretlons of Ca

nay exceed the net absorptlon before the proxinal duodenm (Ben-Ghedalia

et ãI., 1975). Furthemore' dlet ccmposition, ptrysical form of the

ration' source of Ca and availabillty of thab source nay lnfluence the

result (Bertoni et aJ-., 1926b).

A rarge proportion of ca entering the proxinal duodentm was

absorbed ln the sall intestine (Table 1T). The nean lleat flcry of Ca

ltas approxlnabely 531 of duodenal flcr of Ca. The maII tntestfne is
the princlpal slte of Ca absorptlon 1n both cattle and sheep (perry et,

âr., 1967i Kenp et al., 1973i Ben-Bhedalla et al., 1gT5i Bertoni et a1.,

1976b; Grace et a1., 1977; Greene et ar., 1983; sþran and Hurwitz,

1985; I{y1ie et aI., 1985; Goetsch and Or¡ens, 1985).

Absorptlon of Ca wlthln the snall lntestine occurs prlnarily 1n the

duodenum and JeJunun. Absorptfon fron the duodenr.u 1s vla act,fve

transport' and facllltated by vltanln D; absorption of ca from the

jeJuntm 1s by passlve dlffuslon (Annerman and Goodrlch, 1983). The

solubillty of Ca ccmpounds and hence the absorption of Ca is favored by

acid conditlons and hindered by alkaline conditlons ln the lø¡er sna1l

j.ntestine (Georgievskll, 1982).

A nean of 86.3f soluble Ca at the proxl¡al duodenrm (Table 16) Iies

in the range of 50 to 92.4 reported by Ben-Ghedalla et aJ-. (1975),
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Grace et aI. (19TT), yano et at. (1979) and lvan et al. (1993b). The

nean concentration of Ca fn the duodenal supernatant at 25.6 ry g-1

soluble DM was about four-fold hlgher bhan that found in the runen fluld
supernatant (tabte 18). Grace et al. (1977), yano et at. (1979), rvan

et aI. (1983b) and Goetsch and Owens (1985) have also found a

corresponding lcner concentration of Ca in rumen fluid relative to the

soluble fractlon ln the duodenu¡n.

The solubilit,y of Ca in the ru¡¡en is pH dependent with a

sfgnlficant negatlve comelat,lon betr¡een pH and soluble Ca content. The

pH affects bobh the fonnatlon of lnsoluble salts as well as the bfndlng

of Ca to rnlcroorganisos or feedstuffs (Grace et aI. , 1977 i Durand and

Kar¡ashlrûa, 1980). Grace et aL. (1977 ) obsen/ed t,hat 40f of the Ca was

associated with the a1kali insolubLe fractlon ln the n¡nen contents.

The insoluble fractlon r¡as largely flber constÍtuents.

The observed difference for sorublrlty of ca at the duodenun,

rerative to the nmen, 1s due to the effect of the ræ¡ pH in the

abøasrm upon Ca. The abcuagtm secretes the strong acld HCl whlch is

responsibre for the converslon of carcirm conpounds to cacl2. Thls

CaCl2 conpletely dissoclates Ínto lons which resuJ-t,s in t,he release of

Ca ln an uIüra-fllterable forn (Storry, 1961; Yano et â1., 1979,

GeorgÍevsk1l, 1982).

The solublllty of Ca fn the digesta of bhe sna.Ll lntest,tne decllnes

as ühe digesta proceeds distally from the proxlnal duodenun (nen-

Ghedalla et aL., 1975; Yano et al., 1979). The percent soluble Ca at

the terulnal lletm of steers (taUte 16) was about 26í, and represented a
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3.3-fold decrease relatlve to the solubllity of Ca 1n the proxj-mal

duodenum. The solubillty of Ca at the terminal ileun (Table 16) was in

the range of 3.2 to 49.!! reported by Storry (1961), Ben-Ghedalia et at.

(1975), Grace et aI. (1977), Yano et aL. (1929), Ivan et aI (1983b), and

Rahnena and Fontenot (1986) for sheep and cattle. The higher pH of the

lcner suall lntestine, like that of bhe rumen, favors the folualion of

insolubre phosphates, oxalates, surfates and carbonabes of ca

(Georglevskif, 1982).

Elther a snall net absorption or a smaLl net secretÍon of Ca

occurred withln the large lntestlne (taUte 1T), which baLances to no

change across four experinental d1ets. Under varlous experS.nental

condit,ions, both net absorption (Pfeffer

1974; Ben-Ghedalla et al., 1975i Bertoni

aI., 1970; Grace et aJ..,

aI., 1976b; Grace et al.,

et

et

1977i SþIan and Hunritz, 1985) and net secretion (Ivan et â1., 1983b;

Ïlylie et a1., 1985) have been denonstrated for the large intestine. A

net absorption occura desplbe a lcn¡er solubllity for Ca in this section

of the dlgestive tract (Yano et â1., lg7g). Grace et a1. (1977)

lndlcated that, ca can arso be absorbed frm reglons of the dlgestlve

tract where tbe concentratlon of water soluble or ionic Ca in bhe

dlgesta fs 1o!r.

The apparent digestlblllty of Ca was 38.2f (tabte 17), wfth less Ca

excreted ln the feces than was consmed. Apparent digestibilltles of Ca

that have been reported show trenendous variation. Negative apparent Ca

digestibilitles have ranged fron -10 to -32í.(Pfeffer et al-. , 1970; Ivan

et al., 1983b: Rahnema and Fontenot, 1986) wtrile positlve apparent Ca
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dlgest,lbflitles have ranged frm as Icr¡ as +5 and +gf (pfeffer et a].,
1970; rvan eü aI., 1983b) ro +\5f (Grace et al., 1974; Ben-Ghedatia et
al., 1975t Bertonl et al., 1926b; Grace et ar., lgTT; Greene et at.,
1983; HyJ.le et al., 1985). Va1ues as hlgh as +Zg to +gTl have al_so been

reported (Goetsch and Owens, 1985).

calciun ls nainly excreted in feces, wlfh wÍne being a nÍnor

excretory route (ues-Nnc, 1984). Fecal endogenous loss of ca is
independent of the anount of Ca 1n the diet, or anount bhat is absorbed,

and w1r1 be directry proportionar to the I1ve weight, of an anlnal_. The

absorptlon of Ca ls regulated at the gut leve1 and is dependent upon the

needs of the body (ARC, 19BO).

5.8 lâgneslre

A substantial amount of the !,fg ingested was absorbed before fhe

proxf¡¡a1 duodenun (Table 20). The flor¡ of Mg at the proxlnaÌ duodenrm

ltas 54 to 691 of lntake. Thls large net absorptlon of 30 to E5l of

dletary Mg before ühe proxi-mal duodenun has been reported for sheep

(Pfeffer et â1., 1970; Grace et â1., 197r; Ben-Ghedatla et, aL., 1975;

Axford et aI., 1975, Tcmas and potter, 1976; Field and Munro, 1g17i

stevenson and unsworth, r9T8; rvan et aL., 19g3b; Hyl1e et al., 19g5;

Rahnena and Fontenot, 1986) and catble (Bertoni et, aI. , jgT6b; Greene et,

aI.' 1983; Banks and Snith, 1984). These reports indicate that 10 to

501 of the Mg ingested 1s absorbed before the mall intestine with a 30f

overall average. Passage of Mg to the duodenrm is strongly correlated

with lntake (Axford et, al. , 1gT5; Field and Munro , lgTT).
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The reticulo-runen of sheep is the nain slte of absorption for Mg

(Tmas and Pott,er, 1gT6; Fleld and Munro , 1977) wlth absorptl0n belng an

active, sodir¡n-linked transporü (Marten, 19g3, citing Martens, 19zg).

In steers, hcrever, Horn and Snith (1929) found only negtfgible anounts

of l8 were absorbed fron the retlcuLo-nmen and concluded that the main

slte of pre-intest,inal l'fg absorption was the cnasum. This r¡as confi*ed
by Edrise and Snith (197Ð. Hcnever, Banks and Snith (lgg+) notect that
at lcr¡ Mg intakes, there uas a net addition of l{g ln the reticul-o-rt¡nen

followed by a net absorption in the abonasrm. or¡ly at hlgher Mg

intakes' r¡as übere an appreclable absorptlon of Mg frm the retlculo-
nmen, 1n agreenent wlth l,fartens (1983).

Litt're absorptlon of Mg occurued 1n the sna1l intestlne (Table 20).

Thls occumed despite a high solubillty of 901 for }lg at the proxlmal

duodenum (taule 19). lhgneslum 1n part, 1s converted into lts ionlzed

fo¡'m (Mg+2) by the gastric Julce of the abo¡nasLu (Georgievskll, 19g2).

rn an lonized forn, Mg is absorbed 1n the upper satr intestlne and i.n

lhe lnitlal segnent of the large lntestine (Ben_Ghedalia et al., 1gl5i

Georgievskll, 1982).

Pfeffer et al. (1970) indicated that absorpüion of Mg occurs

tbroughout tbe sall lntestine. fn turn, endogenous secretlons of Mg

also occur bhroughout bhe intestinal tract. Biliary and pancreatlc

secretlons contaln a signiflcant, a¡aount, of Mg (pfeffer et ar., 19zo).

Thus, endogenous secretÍon of l,fg nay exceed absorption in the s¡aalr

intestine.
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The so1ublllty of Me at the üerminal 1ler¡m Has 591, and about two-

thirds that in the proxlnal duodenun (Tab1e 19). The net absorption of

l,fg ln the large int,estlne lras narginal (tabte 20) . Bertonl et al.
(1976b), Greene et aI. (1983) and Grace et aI. (1g74) observed a net

secretion of l'fg wlthin t'he small lntestine and a net absorptlon in the

large intestlne. By contrasb, t{ylle et ar. (19g5) and pfeffer et al.
( 1970) observed a net absorptlon ln the mall lntestine wtth a net

secretion into the large lnt,estine. Thus, there seens to be an

effective recycllng of Mg within the intestinal tract with varlable

resuLts occurrÍng due to perhaps, differences between ration type, age

and, or physlologlcar denand of anlnars for Mg or avalrabltlty of Mg in
feedstuffs.

The apparent, dlgestibllity of Mg (Table ZO) was slxoilar to that

reported by Grace and Macrae (1972), Berüonl et al. (1926b), stevenson

and Unsïorth (1978) and lvan et at. (1983b).

tlhen both Mo and s were at, hlgh revers in the diet (HMHS vs HM +

HS), there was a rower concentratLon of Mg in the run¡en fluid
supernatant (Table 18). Either there was an er¡hanced absorptlon of Mg

frm the soluble fract,lon or there was a greater association of Mg wlth

the lnsoluble dlgesta fractj.on.

rt ls posslble that under condltlons when both Mo and s nere fn

excess, there was a nodlfted blnding of Mg to the particuJ-ate fraction

which encornpassed nfcroorganlsns and feed particles. This lcrrer

concentration of Mg in fhe soluble DM (ta¡te.18) nay cont,ribute to the
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tendency of a lor¡er absorption of !,fg before the proxinal duodenrn

(TabIe 20).

l¡lth Hs diets, there rras a hlgher concentration of Mg ln the

supernatant DM of duodenal digesta (taUte 18) whlch contrlbuted üo a

higher net absorptlon of Mg distal to the proxinal duodentm (Tab1e 23).

By contrast' with HM dlets, there was a lcn¡er concentratlon of Mg ln the

supernatant. DM of duodenal digesta (Table 18), together with a

tendency toward a loner flor¡ of l,fg al the proxlnal duodenun (Table 19).

Hcnever, there lras no effect upon absorption distal to the proxj.nal

duodenum (Table 23).

5.9 Phosphorus

The high flcn of P at the proxlnal duodenrm was about bwlce that fn

the dlet fed to steers (table 21). A frcÚ¡ of p ent,ering the snarl

lnfestine 1n the order of 1.1 to 5.0 ti.nes that consuned has been

reported in the llterature for sheep and cattle (pfeffer et aJ.., 1970;

Grace et al., 1974; Lelbholz, 1974; Bertoni et al., 1926b; Grace et aI.,
'1977t Stevenson and Unsrorth, 1978; Ivan et â1., 1983b: Greene et al.,

1 983 ; Banks and Snlth, 1984; I,Iylle et at. , 1985; Grlngs and l,fales,

1 987) .

A hleb P flcn¡ at the proxlnal duodentm is a reflection of bofh bhe

anount of sallvary flor¡ and the quantity of P present 1n the salj.va

(McDougaJ-I, 1948; Kay, 1960; Yarns et at., 1965). The contribution of p

in water consuned by cat,tle was negllglble (.Appendlx Tab1e C).
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The dally producüion of saliva by cattle nay range frcm 40 to
190 L day-1 (HastÍngs, 1944; Ba1ley and Barch, 1961; yarns et ar.,1965)

wfth sone esülnates as IcÉr as 22 L day-1 (¡drise et al., 1986). rt nay

be carculated by scaJ,lng frco the results of yarns et aI. (1965) and

Edrlse et al. (1986) on saliva productlon rates in steers, bhat for the

present steers and diets, average saliva flør was 35 to 45 L Oay-1. At

bhls flcr¡ of saIlva, and wlth an estlnate of p flcr by Banks and smith

(1984)r the contrlbution of P v1a the saLiva at the proxinal duodenrm

wor:J-d have been 25 to 30 I day-1 in additlon to a diet,ary lnput of

13.8 g day-1 (Table 21).

Sallvary flcn is subject to wlde variation and can be reducecl with

perleted dlet,s (such as that used in thls experlnent) and r¡ith
concentrate diets (Yarns et al., 1965i Durand and Kawashina, 19Bo).

There is an lnverse relatlonshlp betr¡een the concentration of P fn
sallva and the vorune of sarivary frcr¡. Thus, the quantity of p

entering the runen does not change narkedry when sarivary frow is
reduced (Durand and Kar¡ashi-na, 1980).

There is llttle net exchange of P 1n the abomasru (¡antcs and Smlth,

1984). Hcnever, there fs an appreclable net absorptlon of P in the

cmasun (Edrise and s¡oit,h, 1979; Banks and snith, 1984). Banks and snlth

(1984) suggested that as nuch as 30í of the p whlch ftans lnto the

runeno-retlct¡l-rm ls absorbed in the cmasun.

FIcr¡ of P at bhe proxlnal duodenr¡m uas 2051 of intake wlth the HM

dlets conpared to 2311 wit,h the LM diets (taute zz). This was a

reflection of a trend for a reduced flow of 14.7 g p day-1 ¿¿ the
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proxlnal duodenum with the HM dlets compared to 17.8 e p day-1 with the

LM dlets (Tabre 21). There was elther an er¡hanced absorption, or a

reduced sallva secretLon or endogenous input of P before the proxlnal

duodenum with tbe HM dfets.

About 40 to 611 of the water whlch leaves the retfculr,u nay be

reabsorbed in ühe oû¡asu¡n (Edrtse et aI., 1986). Large qrrantities of p

that enter lhe runeno-retlcultm may be reabsorbed 1n the onasu¡n (nanks

and Sit,h 1984). Added Mo (as sodilu nolybdabe) nay influence the

electrolyte concentrablon ¡rlthin the omasal fluid and perhaps modlfied

absorpt,lon of both water and phosphate at bhat site.

The rumeno-retlcurun 1s not a major regfon for p absorption

(Georgfevskll, 1982). Slnce the concentratlon of soluble P 1n the rumen

fruld supernatant (Table 18) was not infruenced by Mo addltion, it is

doubtful that a Mo x P lnteraction occurred wlthin the nmeno-ret,iculun.

Therefore' Mo would not have lnfluenced the so1ublllty or avaÍlabi1ity

of phosphate and absorptton of P in the runeno-retlcr¡l,r¡n.

The absorpù1on of P distal t,o the proxinal duodenr¡n (Table 23)

tended to be ro¡er with the HM dlet,s. The net absorptlon of p dlst,at t,o

the proxlnaL duodent¡n (Table 23) was 21.6 g day-1 and ZZ.g g day-1 rttn

the HM and LM dlets, respectively, a difference of 1.3 S day-1.

Phosphorus absorptlon from ühe smarr intesbine (Tabr e 22) was

2'1.7 s day-1 and 23.0 g day-1 for the HM and LM diets respectively, a

difference of 1.3 g Oay-t.

The HM dlets lnfluenced neither the soluble P at the proxi¡oal

duodenum (Table 21 ) nor the concentratlon of P in the duodenal digesta
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supernatant (Tabte l8). The flcn of soluble P at the proxinal duodenuu

for the HM and LM diets was 19.3 and 1T.I g day-1 (faUfe el). Atthough

not, signlficant, bhe difference between these values, 1.9 g day-1, is
slrnflar to 1.3 g day-1, that was caLcuLated for the dlfference between

HM and LM dlets for absorbed P 1n the small lntestine. Thls suggests

that, the level of sorubre p or flow of soluble p at the proxlmal

duodenun nay llnit P absorption in thls region.

rnteractlons between Mo and p (shirrey et al., 1950) and between Mo

and S, relat,lve to P (Goodrich and TlIInan, 1966b) have been described.

Goodrich and T11lnan (1966b) reported that when the dietary level of Mo

was fncreased fron 2 Lo 8 ng kg-1 wlth 1 g s kg-1, prasna p l-evers were

rower 1n sheep, but had no effect, when t,he dleü confalned 4 g s kg-1.

They also observed t,hat r¡1th an Lncrease of s level fron 1 to 4 g kg-1

1n dlets having 2 ng t<g-1 Mo plama p reveLs lrere lcner, with no effect

when t,he dlet contalned I ng Mo kg-1.

There is a high corelatlon between the concentratfon of P in

saliva and P in nnen contents wlth thal in serun (Tcmas et al. , 196T).

Toung et aL. (1966) concluded t,hat bhe rate of secretÍon of phosphat,e

via sallva nlght be regulated by the concentratlon of phosphate in
seru¡¡t. Hlgh plasna levels are acconpanled by a hlgh concentratlon of

phosphate in sallva (Care et aI. , 1980). An lntravenous infuslon of p

in sheep lncreased the phosphate content of sallva (Scott & Beasta1l,

1978) .

rt l¡as concruded lhat Mo reduced absorptlon of p tn the sarr
intestlne (Table 22). This then resr.¡l-ted fn a level of p in plama
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whlch ln turn ¡nodifled the secretlon of P in sallva whlch Has in

evidence as a tendency for reduced flor¡ of P at the proxl¡al duodent¡n

(Table 21).

There was an enhanced neü absorptlon of P dlstal to the proxlnal

duodenun with the HS diet,s (faUfe e3). This hfgher absorptlon of p was

supported by a hlgher net absorptlon in both the salr and large

intestine (Table 22).

The effect of s upon an er¡hanced P absorptlon frm the sal-r

lntestine (Table 22) eannot be resolved in a direct nanner. Goodrlch

and T1ll¡aan (1966b) observed an effect of the Cu x Mo x S int,eraction

upon plasna P. Sheep fed 4 g S t<g-1 dlet had lcner plasma p, except

when bhe diet had bofh 40 ng Cu tcg-1 dlet and I ng Mo ke-1 dlet.

Dletary supplenentatlon of bofh Cu and Mo were required to return plasna

P to norual.

Htgh dietary S lcn¡ers the ret,entf on of Cu (Pitt , 1976) . Adeqr:ate

dletary Cu Ís requlred for proper P netabollsn (Goodrlch & TiIInan,

1966b). Goodrlch & T1l1nan (1966b) found t,hat, Mo acts to atteviate the

adverse effect of a high Level of sulfate; addltlonal Cu fs requi.red

because the level of Mo did nob completely counteract the effect of

sulfate. Since dletary Cu ln this experl¡nenü was Iow, (Table Z), the

tendency for a lcn¡er absorptlon of P fron the snall lntestine, ileal

flow relatlve to duodenal flow, was noted when both Mo and S were 1n the

dlet (faUte ee). This effect of added S, when Mo ls also present, nay

be explalned by the foraatlon of thicnolybdabes, thereby reducing the
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amount of available Mo that nay interact with P lo reduce the absorptlon

of P in the sall Lnbestine.

Shlrley et aI. (1950) reported losses of P in feces in steers were

tr¡o to three tLmes norqal when the dfetary eonbent of Mo was hfgh, while

losses of P in urlne were reduced. The excret,lon of P in fhe feces

(taUte 21) l¡as not tnfluenced by added Mo, and averaged 7.80 e day-1.

It ts not possible to separabe endogenous or exogenous P 1n the feces.

Elther component couLd have been increased ln the feces. Furthernore,

there nay have been lncreased urinary P excretfon.

The srûall intesblne is the prlncipal slte for a net absorpllon of P

1n the digestive tracb. Thls has been reported for cattle (Bertoni et

aI., 1976b; Greene et al., 1983) and sheep (Leibho1z, 1974; Grace et

â1., 1974, 1977i lvan et al., 1983b; I{ylie et aI. ' 1985). Approxj-nately

70-7Tl of the P enterlng fhe proxinal duodenrn was absorbed in the snall

tntesttne (Tab1e 22). Aboub 130 to 150f as nuch P was absorbed 1n the

small intestine as was secreted before the proxlnaJ- duodenru. The net

secretfon of P before bhe pylorus l-s closely natched by net absorptlon

fn the saII intestine (Berùonl et aI., 1976b; Pfeffer et aI., 1970).

The absorptlon of P,l1ke that of Ca, is dependent upon the

so1ublllfy of P at the site of absorptlon and ls influenced by the lovr

pH of the upper srnall infestine (Maynard et al., 1979, Fleld, 1981).

Gastric Julce wlLhin Lhe abonasr¡m solubilizes the lnsoluble P leaving

the rrmeno-reticr:Lr:.m f ollor¡ed by absorpüion of that P in the snall

intestine (Georglevskil, 1982)
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The solublllty of P at the proxlnal duodenrm and at the terninal

1l-eum r¿as 60.8f and 21.11, respectively (Table 21). The solubilitles of

P reported by Ben-Ghedalla et al . (1975), Grace eü a1. (1977), Yano et

al. (1979) and Ivan et aI. (1983b) were 62 to 831 at the proxinal

duodenum, and 16 Eo 521 at bhe ternlnal iler.u. The rise 1n pH as bhe

dlgesta noves along the intestlnal tract J.s acccmpanied by a conccmitant

decrease in P solublllty (gen-Ghedalla et al., 1975). Bile and

pancreatic Julces, as well as other lntestlnal secretions act as najor

factors ln reducing the solubiliùy of P ln the digesta flcrufng through

the lcn¡er small intestlne (Ben-Ghedalla et aI. , 1975).

Elther a snal I net absorptf on or a malL net secretlon of P

occurred 1n the large 1nùestfne (Table 22). A sall net P absorptfon

has been reported (Pfeffer et aI., 1970; Bertonl et al., 1976b; Greene

et al., 1983; Ivan et aI., 1983b; Hy1le et aI., 1985). Absorptlon of P,

rather than secretton of P 1s thought to be nore lntensive ln the large

intestlne (Georglevskii, 1982).
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6. sll0raBr

Four steers, cannr¡J.ated in the rune n, proxinal duodenun, and

fer.minal il-erm, were fed barley grain-hay (67í-2Tl) pelleted diets in a

4 x 4 Latln Square Design. The diets contained: (l) no added Mo or S,

(2) added Mo at 10 ns kg-1, (3) a¿oeo s at J.0 g t<g-1, and (4) both Mo

and S al ùhe above-stated levels. The effect of Mo and S upon the f1q¡s

and solubllÍbies of various ninerals along the digestive tract of steers

l¡ere exanlned.

Dry lbtter

The apparent dlgestiblllty

dlets. Thls was a reflectlon of

before the proxlnal duodenr.u.

of DM was higher (P < 0.01) with HM

a higher (P = 0.051) DM digestibillty

Copoer

AlthoWh flctrs of total Cu at the proxlroal duodenrm and terminal

Ileumwere not dlfferent (P > 0.05), the solubllfty and soluble flcr¡s of

cu at the pro:dnal duodentm and terulnal ilern were rcrrer (p < 0.05)

with HM and HS d1ets. There was a synergistlc effect (p < o.o5) of HM

plus HS on the solublllty of Cu at the terminal Ilerm. Feca1 excretion

tended to be hlgher (p = 0.02) with HM dlets.
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Molybdenun

Although absolute flms of Mo dlffered (P < 0.05) between HM and LM

dlets, duodenal flow as a percent of intake and ileal flow as a percent

of duodenal flcÚ¡ d1d not differ (P ) 0.05). The apparent digest,lbillty

of Mo was not dffferent (P > 0.05) 1n response to supplenental Mo.

The absorption of Mo was lcr¡er (P < 0.05) r¡hile fecal excretlon of

Mo was higber (P < 0.05) with HS diets.

I'fanEanese

ThesecretfonofMnbefore|heprox1naIduodenr.uwas1cr¡er(p<

0.05) and the absorptlon of !,fr¡ d1sùal to the proxlnal duodenun was lor¡er

( p < 0.01 ) w1üh the HM d1ets. The sotublllty of l,fn at the proxlnal

duodenrm and terninal lletm and the net absorptlon of Mn from the

dlgest,ive tract did not differ (p > 0.05) ln response to suppJ-enental

Mo.

Hlth HS diets, the concentratlon of Mn 1n runen fluld supernatant

DM was lcr¡er (p < 0.05) while the solubillty of I'ln at the proxinal

duodentm and ternlnal lleum, and net absorptlon along the dlgestlve

tract d1d not dlffer (P > 0.05).

ZIne

A higher (p < 0.05) fecal excretlon of Zn with ühe HM dlet was due

to a lower (P ( 0.01) absorption of Zn distat to the proxl-mal duodenun,

a fcn¡er (p < 0.05) solubillty and flcr¡.of soluble Zn at the terninaL
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dld not lnfluence (p
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to a lcner (P < 0.05) absorption of Zn in the

Zn and flo¡¡ of that soluble Zn aL the proxlnal

0.01) wlth the HS dlets; hcnever, the HS diets

0.05) absorptlon of Zn dist,al to the proxinal

Iron

A rcr¡er (P < 0.01) excretlon of Fe in feces was due to a hlgher

< 0.05) absorptlon of Fe in the large lntestlne wlth the HM d1et,s.

CaI clun

The flow and solublrity of ca in the digestlve tract was not

influenced (p > 0.05) by HM or HS dlets.

l4agneslre

The concentration of Mg 1n the runen fluld supernatant DM was l-cffer

(P < 0.05) when a high concentratlon of Mo and S were in bhe diet. The

concentratlon of Mg ln supernatant DM at the proxLnal duodenum was lcr¡er

(P < 0.05) wlt,h HM dlet,s and hlgher (p < 0.05) wtth HS dlets. Other

parameters relating to flcr¡, and the absorptlon or secretion of ¡,lg were

not affected by HM or HS diets.

(P
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Phosphorus

A lc¡r¡er (P < 0.05) nel seeretion of P before the proxinal duodentm

was follcned by a lorer (P = 0.055) net absorpblon of p distal to the

proxlnal duodentm with HM dlebs.

I'¡tt'h HS dlets, the absorptlon of P dlst,aL to ühe proxlnal duodentm

was higher (P ( 0.05) in bot,h ühe salr and large lntestlne.

The soluble P at the proxlnal duodenun and at the lerminal- ilerm as

well as bhe net absorptlon of P frm the toüal length of the digestlve

tract was not dlfferent, wlth the HM or HS diets.
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7.0 coxcLusloxs

The effect,s of Mo + S upon digestibilily
solubllity of ninerals was evalr¡at,ed. Only with

of Mo or S.

of

Ca
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DM and flows and

was there no effect

wlt,h Mo, there nas a higher dlgestlbirity of DM, a beneficial

effect of Mo upon digestlon by nlcroorganlms in the rrmen.

High dietary Mo and S had separate and synerglstlc effects upon the

solubility of cu wtthln the digestlve tract, and the HM diet,s resuLted

ln an increased fecal- excretion of cu. High dletary Mo had no effect
upon the fractlon of Mo absorbed, r¡hile hlgh dletary S reduced the net

absorptlon of Mo fron the snall intestlne, with a conconltant high

excretlon of Mo in feces. Evldence that the Cu-Mo-S int,emelationship

was funct,lonfng wlthln tbe dfgestive tract has been presented. A

forrnation of thlcnorybdates explalns the observed resr.¡rts.

Effects of Mo

( 1) There Yras a lor¡er net secretion of l,ln before the proxlnal duodentm

follcned by a tcner net absorptlon after the proxinal duodenrm buü r¡ith
no effect upon l,ln balance overall.

(2) I{1th zn, there was a Ic*rer absorptlon frø ühe rarge lntestine,
forrcryed by a hlgh excretlon in feces, whlle with Fe, there was a hi.gher

absorptlon fron the large lntestine follcr¡ed by a lorer excretlon of Fe

i.n feces.
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(S) There was a lor¡er concentratlon of Mg in the supernatant dry natter
at the proxlnal duodenun, buü wlthout other effects upon Mg.

(4) A lcryer net secretion of P before bhe proxinal duodenrm fol1cr¡ed by

a rcner net absorptlon of p after the proxl-na-L duodenun, but no change

in overall P balance withln the aninal.

Effects of S

l¡lt'h hÍ8h diet,ary S, there was a lcr¡er concentration of l{n in lhe
supernatant dry naüter of nuen contents, a ror¡er sorubility of zn at
ühe proxlnal- duodenum, and a hfgher concentrat,fon of Mg 1n the
supernatanü dry natter at the proxlnal duodenun.

There was a hlgher absorptlon of P dlstal to t,he proxlnal duodenrm,

wlt'h the effect of S occumJ-ng 1n both the suall and large intestine.
although these effect,s of s r¡ere noted, there lrere no effects of s upon

the barance, for Mn, Zn, Mg and p, as indieated by no effects upon fecal
excretlon or apparent digest,ibility.

Effects of Mo + S

0n1y wlt,h l.lg and cu, as noted above, was there an effect of Mo + s
ln the dlet'. For Mg, there was a loner concentration of Mg in the

supernatant, dry natt'er of rumen contents. There were indications of a

Mo x s effect upon Mg and p along the digestive tract of steers.

However, these effects were not ldentified as slgnificant effects in
this experiment.
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The inpllcatlons of this experlnent are that excessive dietary

leve1s of Mo and S modlfy the balance of nlnerals in additlon to Cu

wlthin the dlgestlve tract. A det,rinentar effect of Mo and s upon cu

r¡as verlfied. l{hen fecar excretion and apparent digest,ibility of a

nineral nas evalr¡ated, hlgh Mo had an adverse effecü upon zn and a
beneflcial effect upon Fe. There were tines when an effect of Mo or S

was noted at sites arong the dlgestlve tracl. Hcpever, the overaLl

balance of ninerals such as Mg, P and Mn, fecal excretlon relatlve to
that consrmed was not dlfferent.

This experinent was of a short-tern nature. Over a long perlod of

time, effects upon the overall bal-ance of Mg, p and ìÍn nay occur. only

with Ca lras an effect of Mo, or S not obtained.
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Explanation of abbreviatlons for AppendÍx Tables

A1-A21:

Du: Duodenal

11: Ileal

Fec excr: Fecal excretion

App dig: Apparent digestibility

Tot Du Flow: Total duodenal flow

Z So1 Du: Percent soluble in duodenal digesta

Sol Du Flow: Soluble míneral flow in duodenal digesta

Tot I1 Flow: Total ileal flor¿

% So1 I1: Percent soluble in ileal d.igesta

Sol 11 Flow: Soluble míneral flow in ileal digesta

Tot Fec Excr: Total fecal excretion

RFSDM: Rumen fluid soluble dry uatter

DUSDM: Duodenal soluble dry -a¡¡s¡

ILSDM: Ileal soluble dry natter
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Appendix Ta61e B: ConcentratÍon and coefficient of varlatíon for
analysis of Dy Ín Dy-barley pelleËs across four
experÍmental periods

Period

Replicate

Dy content (ng g-I ou)

I

2

3

4

5

6

2.06L

2.000

2.063

2.063

2 .080

1.979

2 .018

0.024

3 .03

2.015

2.07 3

L.942

L.945

1.938

r.982

L.982

0 .021

2.7L

1 .999

2.O20

T.94L

2 .000

1.995

2.l-Lz

2.013

0.022

2. 80

2.2L5

2.057

2.097

2.085

2.013

2.099

2.095

0.026

3.22

Mean

SE

Coefficient of
variation (Z)
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Appendix TaBle B: ConcentratÍon and coefficient of varlatíon for
analysfs of Dy in Dy-6ar1ey pellets across four
experîmental periods

Períod

Replicate

Dy content (ng e-l ¡M)

I

2

3

4

5

6

2.06L

2.000

2.063

2.063

2.080

t.979

2 .018

0.024

3.03

2.015

2.073

L.942

L.945

1.938

L.982

L.982

0 .021

2.7r

I .999

2.020

L.947

2 .000

I .995

2.tLz

2.013

0.022

2. 80

2.2L5

2.057

2.097

2.085

2.OL3

2.O99

2.095

0.026

3.22

Mean

SE

Coefficient
variation

of
(7")
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Appendlx Table C: The contrlbutfon of water
fntake of s t,eers

Eo Lhe dietary mineral

Mineral
Concentra tion

(ue tt-t¡
Es timated

mineral 1nÈakef
(ng day-1)

Ca

Mg

P

S

Cu

Mo

Fe

Mn

Zn

Mean (SD)

24.s3(0. 16s)

5.77 (0.193)

ND

4.16(.0.248)

0.092(0.0145)

ND

0.341(0.22sL)

0.018(0.00ss)

0.697(0.187s)

613 .3

L44.3

104.0

2.3

8.s3

0 .45

L7.4

ND - Not detectable using Ehe procedure for feed analysis.

fThe water consumption by cattle weíghíng between 235 and 273 kg
was estímated Eo be 25 L day-r at an environmental teuperature
range of 18 to 26oC (NAS-NRC, 1984).
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Explanatfon for Appendlx Tables Di-D10, contafning raw daËa chat

r¡as used for the preparatfon of Data Tables I-24.

AbbrevLations:

TRT - Refers to the followfng treabments:

A = LMLS

B = LMHS

C = HMLS

D = HMHS

PD - Perlods I to 4 of the LaËf,n-Square

ANIM - Anl-nal I.D. Nunber

PCTDM - PercenÈ dry rnatter

Note: All mineral analyses for rations (Tab1e Dl), Dy-barley (Table

D2), total duodenal (Table D4) and Eoral ileal (Table 7)

digesta and feces (Îable DI0) are expressed on a dry maEter

basls. Analyses for duodenal (Table D5) and 1leaI (Table D8)

dlgesta particulate fractlons are expressed on a freeze-drfed

Eo consEant \,¿eight of 97% Dl4 basl-s. Analyses for duodenal

(Table D6) and lleal (Table D9) digesta supernatant fractlons

are expressed on a per graur of liqufd supernatant. Analyses

for rumen fluid supernatants (Table D3) are expressed on a

dry matËer basfs.

Dy - Dysprosium:

-1ngg'(TableD2)
-lug g (Tables D4, D7 and DIO)
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CA - Calcfi.m, DB B 
I

-lMG - Magnesilm; ng g '

P - Phosphorus, mB I 
1

S - Sulfur, mB B 
1

CU - Copper, Ug g I

MO - Molybdenum, ug g I

FE - Iron, ug g I

MN - Manganese, ug g I

ZN - Zf.nc, Ug g 1

TOT1IT - Total wefgþt, g

Note: Total weight (g) of duodenal and i1ea1 digesta supernatant

and total freeze-dried weight of duodenal and 1lea1 dlgesta

particulate fractions obtained upon centrifugatlon. These

weights srere used for the calculation of % soluble urineral

as described in Equation III (see Materials and Methods

secEion, under "Calculatlons") .
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