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Effects of dietary molybdenum on production performance
and on parameters reflecting body copper and molybdenum
status or lactating cows and ewes and their offspring.

by

Marie Katherina Wittenberg

Two trials were conducted to study the effects of supplemen-
tary (0, 20 and 40 mg kg-l D.M. ) motybdenum (Mo) in corn silage
Uariey based diets on lactation performance of early lactation
beef ôows and fresh ewes (with twins lambs) and on growth perfor-
mance of their suckling offspring. Various plasma and Iiver
parameters were nonitoreá to determine copper (Cu) and lt{o status
õt 1actating animals and their offspring. Calves and lambs were
not given fèed to supplement their milk intake'

Mo content of diets, ref erred to as 0ÌIo, 20Mo and 4Oltlo, f ed

to beef cows was 0.6, 19.3 and 34.8 mg kg-r D.M' -Cu and sulfur
(S) content of diets ranged from 5.8-6.O"tg and 1.3-1.4 g t g-1
D.M., respectively. Rate of decline for cow plasma cu (P <

0.00í ), tricntoroácetic acid (TCA) soluble Cu (P < 0.01 ) and
ceruloplasmin oxidase (Cp) activity (P < 0.001) weTq significant-
ty lowèr for gMo and ZOfr.lõ.than for 40Mo. Milk yield dropped more
råpidlv (P < 0.01) for cows fed 4olvlo than those fed OMo and 20Mo'
Diet influenced (É < O.O1) milk Mo content, which was o'10, 0'51
and 1.1g + 0.04 mg ¡-1 for cows fed gMo, 20Mo and 40Mo, respec-
tively. CaIf weight gains, plasma Cu, TCA-soIubIe Cu and Cp

activity were not influenced (P > 0.05) by treatment.

ABSTRACT

20 mg Mo t g-1 D.M. to the diet of midlactation
cows did not influence (P > 0.05) D.M' intake,
milk yield, but did result in increased plasma
TCA-insoluble Cu (P < 0.001), plasma Mo (P <

(P < 0.05) levels.

Mo content of QMo, 20Mo and 40Mo diets fed to ewes was 0'9,
Lg.A and 4O.7 mg kg-l D.M. Cu and s content of diets ranged from
4.5-4.9 mg and 1 .4-t.S mg kg-l D.M. Three ewes fed Mo supple-
mented diets developed apparént thiamine deficiencies' Lamb ADG

and ewe D.M. intàke, weight change and milk yield were not
influenced (P > 0.05) by diet. Mo supplementation did not in-
fluence (P >

did increase (P < O.õOf) plasma Mo concentrations for ewes and
their lambs. Least square means + SE for ewe milk Mo were 0'14 +

O.24, L.5B + O.27 and 2.69 + 0.27 mg I'-L for oMo, 20Mo and  OMoI

respective 1y.

Supplementing
Ho I stein-Friesian
weight change and
Cu (P < 0.05),
0.001) and milk Mo
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INTRODUCTION

The current interest in trace element supplementation by

researchers and the Iivestock industry has been brought about by

a number of factors. Animal productivity has been limited by

shortages of available dietary energy or protein, infectious or

parasitic diseases and genetic inadequacies of the animal. As

these limitations are increasingly rectified, local mineral defi-

ciencies and/or imbalances are IikeIy to become more apparent and

more critical. Along with increasing rates of anj-mal perform-

ance; decreasing avaitability of animal by-products in feed

formulations and the increased use of industrial products and by-

products have increased the need for a" better understanding of

trace element requirements and tolerances. Although minerals

(especially trace elements) are a small part of the total cost of

a feed, a considerable reduction in net income can occur when

performance is affected adversely by deficiencies, excesses or

imbalances.

As is the case with all of the essential trace elements, the

role played by molybdenum is extremely complex. There are places

around the globe where plants will not grow optimally because of

deficiencies of molybdenum and other places where the levels of

motybdenum in plants can be toxic to livestock grazLng upon these

plants" The latter have been identified in Canada (F1etcher and

Brink, t969) and more specifically in the Northwestern agricul-

tural region of Manitoba (Cunningham et àI, 1953; Boila et â1,
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L984a). More detailed information is provided in the literature

review.

Evidence of the biological iunction of molybdenum was ob-

tained in 1930 when Bortels, cited by Underwood (I97L), showed

tlrrat this element is an essential nutrient for the growth of

Azotobacter. The first indication of the function of this ele-

ment in animal production appeared in 1953 when two groups of

researchers (Renzo et tI., 1953 and Richert and Westerfeld, 1953)

discovered that the flavoprotein enzyme, xanthine oxidase, iS a"

molybdenum containing metalloenzyme. Since that time efforts

have been made to substantiate the essentiality of this element

through the use of highly purified diet and/or diets containing

molybdenum antagonists fed to chicks, rats, lambs and goats. The

essentiality and function of molybdenum is further outlined in

the literature review. It should be noted, however, that under

naturally occurring conditions, uncomplieated molybdenurn defi-

ciency has never been reported in animals.

The effect on animals of excessive molybdenum intake is a

complex problem dependent upon a number of variables including:

age and species of animal, the animal's previous dietary history,

and relative amounts of molybdenum, copper, sulfur and other

nutrients (i.e., sulfur containing amino acids) in the diet"

Ruminants are much more sensitive to high dietary molybdenunt

leveIs than monogastrics (Underwood, 1977). Most interest in the

metabolism of lnolybdenum in ruminants has centered on its pro-

nounced antagonistic effect on copper availability. Remarkably

little attention has been directed to the adverse effects of the
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element that are independent of changes in copper metabolism,

particularly if the sulfur intake is Iow. The symptomatology of

excess dietary molybdenum varies among species but may include:

failure to thrive represented by poor weight gains, poor growth

or loss of body weight or condition; anemia; dermatological

changes; anorexia and diarrhoea (Underwood, L977; ifard, L978;

Hainline and Rajagopalan, 1983). Data available on the effects

of excess dietary molybdenum on milk production are limited.

Much of the work that was done involved dietary molybdenum con-

centrations well in excess of those found in feedstuffs. As the

only food of the young preruminant is milk, its capacity to deal

with potential changes in milk production and composition (i.e.,

increased molybdenum Ievels) is also crucial.

Experimental procedure, results and discussion are provided

for three trials. the effects of excess dietary molybdenum on

milk production and composition were studied for early lactation

beef cows and ewes fed corn silage and barley rations. AIso,

parameters evaluating body copper and molybdenum stores and

growth performance were monitored, for sucking beef caIveS and

lambs, to evaluate "carry-over" effects Of the dams' diets.

A trial was conducted with sixteen mid-lactation Holstein-

Friesians to determine whether the detrimental effects of excess

dietary Mo observed in the two previous trials could be overcome

with Cu supplementation.
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REVIEW OF LITERATURE

Molybdenum--An Essential Trace Element?

In à L97O report discussing essentiality of trace elements,

Mertz provided two definitions. The first definition, now widely

accepted (Underwood, L977 ) states that an element is essential if

its deficiency reproducibly results in impairment of function

from optimal to suboptimal. A very low dietary requirement of

molybdenum (Mo) by poultry and mammals and the presence of these

amounts of the metal in unsupplemented and semipurified diets has

precluded the induction of a simple Mo deficiency by withholding

Mo from the diet. A possible exception was shown in a study on

female goats (Anke et àL. , L978).

Researchers have administered high leveIs of tungsten (W) as

a means of preventing the uptake and utilization of Mo, thereby

creating a state of Mo deficiency. Tungsten inhibits the absorp-

tion of Mo from the digestive tract and may also act directly on

molybdoenzymes (Johnson et à1. , t974). The existence of a. conmon

active transport system carrying tungstate (\1O42'), molybdate

(Moo42- ) and sulfate (SO*Z-) in rat and sheep ileal epithelium

has been demonstrated by Cardin and Mason (1975, 1976). As will

be demonstrated in the following para"graphs, W administration has

been shown to produce a variety of symptoms associated with low

Mo intake, but a recent study by Nell et aI. (1980) indicated

that Il may act by exerting a, direct toxic effect on growth rather

than by causing a Mo deficiency.

A slight reduction in growth rate of chicks fed low Mo diets

was reported when W was used as a Mo inhibitor (Higgins, êt &I . ,
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1956). Leach and Norris (L957 ) found no growth response when Mo

was added to semipurified, low Mo, (0.5-0.8 mg Mo kg-l) diets fed

to chicks. However, supplemental Mo was effective in restoring

growth and liver Mo and xanthine oxidase (a Mo containing metal-

Ioenzyme) concentrations which had been depressed by the addition

of W to the rations. Efforts to produce a Mo deficiency in rats

through the administration of low Mo diets ( less than 0.6 mg

kg-1 ) reduced liver xanthine oxidase concentrations to LO% of

normal without affecting animal health or changing the excretion

of uric acid and allantoin (Richert et àI., 1957).

Reports of a poor hatchabitity syndrome, characterised by a

high incidence of weak, sickly chicks with altered feather rnatur-

ation (Payne, 1977 ) and femoral epiphyseal changes (scabby hip

syndrome) in chicks (Payne and Bains, Lg75) have indicated that

Mo supplementation allowed improvement. However, a recent report

suggests that a deficiency of additional dietary components

besides Mo may be required to produce the symptoms described

(Ne11 and Annison, 1980).

Only one study with ruminants has shown reproducible adverse

effects to low Mo diets. Anke et aI. (1978) reported the fol-

lowing deficiency symptoms in quadruply repeated experiments with

growing, pregnant and milking goats fed a high cellulose diet

containing less than 0.06 mg Mo tg-1 DM: (1) does on test from

13 weeks of age to kidding gained 75% the weight gained by con-

trol does receiving a. 1.0 mg Mo Xg-l diet. Body weight gains of

the kids from Mo deficient does were 75% of the gains reported

for animals on the control ration for the first 90 days of agei
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(2) Feed intake by Mo deficient does was 29% lower than that of

control does; (3) does fed Mo deficient diets lnad 45% the number

of kids produced by control does ut first kidding i G) liver and

cerebrum copper levels were significantly higher in kids from Mo

deficient does than those from control does. This study con-

cluded that Mo is an essential element and is required in excess

of 0.06 mg Xg-1 in ruminant diets.

There are some concerns regarding the validity of the report

by Anke et aI. (1978) in demonstrating Mo deficiency in the

goats. First, no description of the synthetic diets or of

nutrient analysis àr^e provided to determine whether any other

dietary components besides Mo were altered in developing the Ioç'

Mo ration. Second, data from lambs provided by Ellis et aI.

(1958), and from in vitro studies provided by Martinez and Church

(1970) suggest that Mo is required by rumen microorganisms for

optimum cellulose digestion. EIlis et aI. suggested that l{o

supplementation of a semipurified diet containing 0.36 mg Mo tg-1

improved lamb weight gains by increasing cellulose degradation in

the rumen. In vitro studies showed that concentrations of 10 to

100 mg Xg-1 added Mo significantly increased cellulose digestion.

The maximum stimulation (27i6) occurred with additions of 30 mg

Lg-1 to a washed suspension of rumen microorganisms. Possible

interactions of Mo with other elements normally present in rumen

fluid but not present in the media used for these in vitro

studies may nullify or alter the effects of Mo demonstrated by

MartLnez and Church (1970). However, these studies do bring to

light the possibility that adverse response of the goats to the
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semipurified diet, containing less than 0.06 ng Mo Lg-l, was a

result of an altered or potentially less active rumen microflora.

the second definition of an essential trace element given by

Mertz (L97O) states that the constant occurrence of an element in

an enzyme in stoichiometric amounts and correlation of enzyme

activity with the degree of metal saturation of the active sites

is positive proof for essentiality of the metal involved, even if

a deficiency ;þ vivo is difficult to attain.

In animals, Mo is known to be functional in three enzymes;

xanthine oxidase/dehydrogenase (8.C. L.2.3.2, L.2.L.37 ), aldehyde

oxidase (E.C. 1.2.3.1) and sulphite oxidase (8.C. 1.8.2.1).

Xanthine oxidase catalyses the oxidative hydroxylation of a num-

ber of purines, pteridines, pyrimidines and other heterocyclic

nitrogenous aromatic molecules (Bray, L97b; CoughIan, 1980). The

principle site of enzyme activity in animals is the liver, fol-

lowed by lung, kidney and intestinal mucosa (41-KhaIidi and

Chaglassian, 1965 ). Molybdenum was identified to be a component

of xanthine oxidase and therefore potentially, àî essential ele-

ment by Renzo et al. (1953) and Richert and Westerfeld (1953).

They showed that Mo was the dietary constituent which had until

then been called the 'xanthine oxÍdase factorr. This factor had

been suggested to explain why some diets of equal protein content

were better than others in enabling rats to maintain the level of

xanthine oxidase in the liver. The molecular weight of the

enzyme isolated from bovine milk has been estimated at 300,000

and it contains one flavin adenine dinucl-eotide, two non-haem

FerS, centers with one Mo center per subunit (Hainline and
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Rajagopalan, 1983 ) . The oxidation-hydroxylation of the sub-

strates occurs at the Mo center of these enzymes. The exact

biotogical function of xanthine dehydrogenase is poorly under-

stood. Animals rendered functionally deficient in xanthine

dehydrogenase, by treatment with Mo antagonists, grow and repro-

duce normally dernonstrating the lack of long-term effects from

the loss of enzyme activity despite a" change in their excretion

of oxidized purine (Johnson et âI. , L974).

Aldehyde oxidase is very similar to xanthine oxidase/dehy-

drogenase having a molecular weight of 27O,OOO and one Mo, one

flavin adenine dinucleotide and two FerS, centers per subunit.

The enzyme reacts with purines to yield 8-hydroxy purine,

catalysing the in vivo conversion of N-methylnicotinamide to 2-

and 4- pyridones (Hainline and Rajagopalan, 1983 ). A review of

the literature lead to the suggestion that aldehyde oxidase

activity is under genetic and hormonal control in the mouse

compared to nutritional control demonstrated for xanthine oxyge-

nase/dehydrogenase (Hainline and Rajagopalan, 1983).

Sulfite oxidase is involved in the metabolism of sulfur

amino acids, oxidizing the sulfite (SOrZ-) derived from cysteine

and methionine to sulfate (SOnZ-r. Molecular weight of the

enzyme ranges from 110,000 to L22,AOO, depending on the source.

The enzyme consists of two identical subunits, each containing

one Mo center and one cytochrome br-type haem (Raiagopalan,

1980). Cohen et aI. (L973) found that l{-treated rats deficient

in sulfite oxidase remained healthy for lengthy periods of time.

However, they could be differentiated from normal animals when
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stressed by injected sodium bisulfite or by atmospheric sulfur

dioxide.

The presence of the above three enzymes in animals argue for

an essential role of dietary Mo in animal nutrition. However it

is not yet established that these Mo-containing enzymes are

necessary for the weIl-being or normal physiology of the animal.

The most direct evidence for the requirement of Mo in

animals has been the discovery of a genetic defect in humans

resulting in undetectable amounts of the Mo cofactor (see p. 26),

sulfite oxidase, xanthine oxidase and Mo in the patient's blood

and liver and resulting in early death (Johnson et â1. , 1980 ).

OraI administration of Mo as nolybdate did not alleviate the

clinical condition of the patient or the abnormal S metabolism as

evidenced by high levels of urinary sulfite.

Molybdenum Sources

Potential sources of Mo for ruminants include air, water,

soil and plant materials. Although there are areas where optimum

growth of crops is not possible because of a deficiency of Mo,

there are also many areas where naturally occurring high leveIs

of Mo in forages result in reduced animal performance. This

section wilt deal mainly with the latter. Also, "man-made dis-

turbanees" including industrial emissions to the atmosphere, land

disposal of wastes and certain agricultural practices which may

result in signi-ficant increases in plant and soil Mo concentra-

tions and/or availabilities will be discussed.

Air. Air Mo concentrations (mg m-3, STP) have been reported to
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be less than O.2 to 3.2 in Europe and less than 1 to 10 in North

America (Bowden , 1,979). It was not stated in that review whether

the discrepancies between European and North American values were

real or because of sensitivity of the analytical techniques used.

Dust in air samples is often associated with industrial emissions

or soil erosion. Molybdenum levels in dust from air samples

taken in London (in Lg74) ranged fron 0.2 to 12 m$ kg-l and in

Milan (Lg75-77 ) averaged 30 mg kg-1 (Bowden , 1979). Probably the

more critical factor with regard to Mo associated with airborne

dust is potential contamination of soils and crops. Bowden

(1979) estimated that the residence time of Mo in air was 10 to

30 days before particles containing lvlo were removed by gravity or

washed out by rain. No reports nrere found on the effects of

inhalation of Mo however, molybdenosis (a disorder associated

with high Mo intake) related to air pollution has been reported

in cattle in several areas in the vicinity of industrial plants

(Thornton, L976; Ifard, 1978 ) .

Water. Although water is often suggested as a source of excess

Mo intake, a review by Ward (L978) found no confirmed cases of

molybdenosis related to Mo contaminated drinking water. Mo con-

centrations ças MoOn2-) in fresh water average 0.5 mg L-1 with a

range of 0.03 to 16 mg Mo L-l (Thornton, L976; Bowden, L979).

Given that cattle consume approximately three times as much water

as dry matter (NRC, 1976) the toxic level for Mo in drinking

water should be approximately one-third that of feed.

Soil. Chappell (L977 ) estimated that the average abundance of Mo
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in the earth's crust is 1 mg kg-l but emphasized that there are

large variations among geographical areas. A study conducted in

west-central Manitoba identified a few areas characterized by

soils containing up to 20 mg kg-l Mo and bedrock from several

river formations containing up to 40 mg kg-l Mo (Doyle and

Fletcher, 7977). Throughout most of their study areà, however,

soils and sediments contained less than 3 mg Lg-l Mo. Under

normal- grazing conditions ingestion of soil constitutes 3 to 14%

of total dry matter intake of sheep and cattle (Fietd and Purves,

1964; Healy et â1., L974; Thornton, L974) and may be as high as

40% under circumstances associated with overgrazing (Suttle et

â1., L975). Therefore if soil Mo concentrations are greater than

those of plants and if the bioavailability of this Mo source is

high, soil consumption can be à contributing factor to excess Mo

intake by the grazLng ruminant. Suttle et aI. (L975) found that

the ingestion of soils containing 32 to 41 mg Mo Le-l at LO"Á of

total D.M. intake caused 4 to 6 fold increases in daily urinary

Mo excretions in sheep, indicating that the Mo in soils can be

biologically available. Urinary excretion accounted for 25% of

Mo ingested from one of these high Mo soils and only L2% of that

ingested from the other suggesting that differences in soil

properties influence Mo absorption from the gastrointestinal

tract. More information on this could be useful in identifying

Mo associated problems of grazLng ruminants in many parts of

Canada. Aside from the effects of biologically available Mo,

soil ingestion may affect copper (Cu) metabolism by reducing

copper absorption from the gut due to: 1) adsorption of Cu on aî
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organo-mineral cation exchange complex, 2) sorption by hydrous

oxides of iron, manganese and aluminum, and 3) formation of

stable complexes with soil organic'matter (Suttle et àL., 1975).

Plants. The Mo content of plant feedstuffs varies with soil

conditions, plant species, plant part and agricultural practices.

Underwood (1977 ) stated that Mo levels in pasture herbage have

been recorded from as low as 0.10 mg Lg-l to as high as 100 mg

_ -1kg-r on a dry matter basis. The majority of work done with

Canadian forages has been from British Columbia and Manitoba.

Fletcher and Brink (1969) reported values between 0.6 and 12.0 mg

Mo kg-l D.M. for range forages in south-central B.C. Forage

samples taken from west-central Manitoba were found to have a"

range of O,4 to 45 mg Mo Xg-l D.M. (Doyle and Fletcher , L977;

Boila et âI., L9B4a).

The uptake of Mo by plants is well correlated with the Mo in

soil solution rather than total soil Mo concentration (Evans et

â1., 1950; West, 1981). Concentrations of Mo in soil solutions

have been found to range from 10-B M in low Mo soils (Lavy and

Barber , Lg64) to 10-5 M in soils producing toxic herbage (Kubota

et àL., 1963). The two major factors influencing the availabili-

ty of Mo to plants are drainage and acidity. A good review on

the associatj-on between soil wetness and avaitability to plants

of soil Mo was provided by Allaway (L977). This report concluded

that soils with poor drainage and aeration result in increased

plant Mo uptake because of an enhanced mass flow (movement of

soil solution to root surface) and diffusion (movement of Íons in

the direction of root surface). Also, leaching losses of soil Mo
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appear to be reduced on poorly drained soils so that soluble Ilo

remains in the plant root zone until removed by cropping. Next

to drainùgê, soil pH is the most important factor in determining

availabitity of Mo to plants. Farm practices which result in

increased organic matter in the soil and leaching of calcium,

thus tending to increased soil acidity, decrease Mo availability

(West,1981). For example, Gupta (1969, t97O) reported increased

contents of Mo in alfalfa and brome grass after liming. Limited

information is available on the comparable effects of application

of fertilizers containing large amounts of the major plant

nutrients, nitrogen, phosphorus, potassium, and sulfur. West

(1981) reported that potassium and sulfur fertilizers decreased

Ùfo content in the plant, however the changes were small and not

tested for various soit types or growing conditions. Beith et

al. (1984) examined the effects of applying nitrogen and phospho-

rus on the Cu and Mo concentrations in mixed grassland herbage

grown on three mineral soils and on a deep peat acid soil.

Applying ammonium nitrate (56-190 kg N ha-l) reduced Mo content

and had a variable effect on Cu content of herbage. Applying

phosphorus, especially at high rates (22O kg P ha-l), resulted in

slightly lower Cu and Mo contents in herbage. IVhether the

changes in plant Mo content were associated with deereased avail-

ability of Mo or a dilution effect, because of more rapid plant

growth, has not been clearly defined in these fertiLj-zer studies.

Application of Mo fertilizers wiII result in relatively large

increases in forage Mo contents (Gupta and Mcleod, 1975; Reith et

àL., 1984), however it should be noted that ttris practice is
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generally restricted to areas where there are plant Mo deficien-

cies (Allaway, L977).

Different plant species accumulate different amounts of Mo

from the same soil. In general, legumes have higher concentra-

tions of Mo than grasses when grown under similar conditions.

However, the reverse also has been found often (lfiftimore and

Mason, L97I; Reid and Hovarth, 1980; Boila et àL., L984a). Flet-

cher and Brink (1969) reported Mo concentrations in Kentucky

bluegrass of 5.0 + 4.0 compared with less than 1.6-1.8 mg Lg-1

D.M. in other grasses sampled at the same locations, suggesting

Iarge differences in Mo uptake among species of grass.

Stage of plant growth and plant part harvested can also

influence dietary Mo and Cu of ruminants. Burridge (t97O) re-

ported that there was a dilution effect for Cu, r€Iated to rapid

growth of plants from the two-leaf to the headed stage after

which concentratlons stablllzed. Molybdenum concentrations, oû

the other hand, steadily declined from the two-leaf stage to that

of ripe grain. A study by Davey and Mitchell (1968) on Dacty I i s

glomerata (cocksfoot) at flowering illustrates the differences in

Mo concentratj-ons of various plant parts. The Mo content (D.M.

basis) in the spikelets (0.35 mg kg-l), sheath (0.20 mg Lg-1) and

stem (0.20 mg tg-1) were consi-derably lower than that of the

leaves (0.70 mg kg-1¡. Comparable data on the distribution of Mo

in plants containing high levels of Mo have not been found in the

literature. A preference for leaf material relative to plant

stem material has been demonstrated by ruminants in gtazLng

studies (Langlands, L967; Hodgson and Jamieson, 1981 ). Such



15

selective grazíng, would increase the potential for excess Mo

intake by livestock, if plant Mo is above normal and plant Mo

distribution patterns are similai" to that shown by Davey and

Mitchelf (1968). Stage of growth and frequency of cutting could

also affect the concentration of Mo in forage dry matter by

altering the leaf to stem ratio.

Miltimore and Mason (L97L) found that corn silage and grains

were low in Mo content, agaín suggesting that dietary Mo may vary

with plant species and/or plant part fed to the animal. The

chemical states of Mo in feedstuffs have not been identified to

date (Bowden , 1979; Winston, 1981 ).

Other Sources of Molybdenum. Other dietary sources of Mo include

sodium molyb<late, ammonium molybdate, calcium molybdate and

molybdenum trioxide (hexavalent forms of Mo) which have a hieh

bioavailability (Underwood, 1981) and are generally only used in

experimental studies with animals. A case in which dairy cattle

developed molybdenosis following ingestion of Mo contaminated

magnesium oxide, added as a. supplement to the grain mix (Lloyd et

à1., 7977), illustrates that high levels of dietary Mo may occur

in feedstuffs that are not normally considered to be a. source of

Mo.

Molybdenum Metabolism in Ruminants

the metabolism of Mo in animals will be discussed under the

headings: absorption and transport; distribution and storage in

the body; intercellular metabolism; and excretion. Where appro-

priate, the effects of Mo on Cu metabolism will be discussed.
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Absorption and Transport of Molybdenum. Molybdenum is most stab-

Ie in the hexavalent oxidation state where it is normally bound

to four oxygens and exists as the oxyanion nolybdate (MoO42-)

(Huisingh and lvlatrone , Lg77 ) . Molybdate and SO42- have the same

charge and stereochemistry, have a similar size and therefore

could be biologically antagonistic (Mason and Cardin , L977 ).

Since the amount of SO42- normally present in ruminant diets is

several hundred times that of MoOn2- (SuttIe, L974), interaction

between these two oxyanions may be of major significance in Mo

absorption and transport as well as in other aspects of lvfo meta-

bolism.

An active transport system carrying MoOnZ-, SOn2- and other

group VI oxyanions was shown to exist in the rat ileum using an

in vitro technique of everted intestinal sacs (Cardin and Mason,

L975, 1976). In a subsequent study, Mason and Cardin (L977)

established that the generat pattern of MoOn2- and SO42- uptake

by ovine intestine resembled that of the rat intestine, the site

of maximal MoOn2- uptake being the distal ileum. They also found

exclusive competitive behavior for MoOnz- by SO42- but only a

partly competitive inhibition of SO42- uptake by MoOn2- in the

ovine intestine. This suggests other interactions for MoOn2- in

the gut in addition to competition for the sulfate binding sites.

Tungstate (WO42-), discussed earlier as a Mo antagonist, and

selenate also compete for sites on tine MoOn2- transport system.

Hansard (1983) reported that z1ií of dietary Mo is absorbed

from the gastrointestinal tract. The availability, hoÌvever, is
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strongly influenced by other nutrients, i.e., sulfur and copper.

Influence of Dietarv Sulfur - The most important effect of diet-

ary sulfur (S) on Mo absorption arises as a result of interac-

tions between Mo and S compounds in the ruminal digesta.

Reduction of both inorganic and organic S to sulfide (HZS) by

sulfolytic bacteria takes place in the rumen (Bray and TilI,

L975). The various pathways by which Mo can affect the equili-

brium concentrations of free sulfide in the rumen ultimately also

influence the fate of Mo in the animal.

Molybdenum, as sodium molybdate, has been shown to inhibit

the rate of SO42- reduction in suspensions of waslred rumen micro-

organisms (Huisingh and Matrone, L972) and in vivo (Gawthorne and

Nader , Lg75). This inhibition of SO42- reduction is thought to

be due to competition at the first stage of SO42- activation,

catalysed by ATP and sulfate adenyltransferase (8.C. 2,7.7.4)

(Wilson and Bandurski, 1958). However, ruminal H2S leveIs were

found to increase when dietary Mo levels were increased (Mills,

1960; Gawthorne and Nader, 1975) . Two possible explanations can

be found in the literature. First, Huisingh et aI. (L975) demon-

strated that sheep fed a diet containing methionine as à source

of organic S and 50 mg Mo kg-l had increased ruminal HZS produc-

tion compared with sheep fed a non-lvlo supplemented eontrol diet.

In the same study depressed H2S production was found in the

presence of Mo if SO42- q¡as used as the dietary source of S.

Therefore increased ruminal HZS levels may be related to enhanced

production of HrS from sulfur amino acids. The second mechanism

was described by Gawthorne and Nader (L975) who found that appar-
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ent absorption of labelled HrS from the rumen of sheep was almost

entirely inhibited by intraruminal infusion of 50 mg Mo 6-1. The

resulting increase in the physiological half-life of HrS in the

rumen would result in increased ruminal HzS concentration despite

the decreased rate of SO42- reduction. Gawthorne and Nader

(L975) speculated that once apparent absorption of HrS was inhi-

bited, further additions of Mo could reduce concentrations of

rumen HrS by interfering with SO42- reduction.

Dick et aI. (L975 ) proposed that the progressive reaction of

HeS with molybdate in the rumen gives rise to a series of new

compounds, thiomolybdates: MoOnz- >

MoSn2- referred to as di-, tri- and tetrathiomolybdates, respec-

tively.
Direct evidence demonstratLng the synthesis of thiomolyb-

dates in rurninants is limited. Clarke and Laurie (1980 )

conctuded from in vitro studies that the formation of thiomolyb-

dates is crLtLcally dependent on the ruminal S:Mo ratio and that

under physiological conditions, the production of di- and tri-

thiomolybdates would be favored. Extensive synthesis of

tetrathiomolybdate occurred only after a relatively long period

of time and at high dietary S:Mo ratj-os. Bray et al. (1982)

found a mixture of thiomolybdates with a predominanee of trithio:

molybdate in the liquid phase of digesta in a Rusitec artificial

rumen system. The fact that Mo was found predominantly in the

liquid phase should be reeognLzed as a limitation in interpreting

the results of this study because Grace and Suttle (1979) found

that in vivo Mo in rumen fluid is predominantly in the solid
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phase

Mason et al. (1978b) and KeIleher et al. (1983) demonstrated

in vivo that the infusion of 99Mo-Iabelled molybdate into the

duodenum caused the appearance of trichloroacetic acid-(TCA-)

soluble 99Mo in plasma but that ruminal administration resulted

in the appearance of plasma 99Uo that was protein bound and TCA-

insoluble. The TCA-insoluble Mo was increased by increasing

dietary S levels.

In vivo studies by Mason et al. (1982), Kelleher et aI.
(1983), and Hynes et aI. (L984) have shown that thiomolybdates

bind to albumin to form the protein-bound plasma Mo fraction and

as such are relatively stable. The TCA-soIubIe fraction of

plasma Mo was probably molybdate or at least a" form of Mo that

competes with sulfate ions for a common intestinal transport

system (Cardin and Mason, L976; Mason and Cardin, L977 ).
Mason et al. (L982 ) provided in vivo evidence of thiomolyb-

date synthesis and absorption in ruminants. They found protein

bound, TCA-insoluble 99Mo appeared in plasma à few hours after

infusion of 99Mo-Iabelled molybdenum (30 mg Mo) into the rumen of

sheep fed a concentrate diet supplemented with (3 g S d-1 ). When

the plasma 99Mo was displaced from its protein carrier in vitro,

the Labelled compounds displaced were identified as di- and tri-

thÍomolybdates. Tetrathiomolybdate was not detected in plasma.

The absorption of 99Uo compounds also was studied by Kelle-

her et aL. (1983) by exchanging digesta between pairs of sheep

with re-entrant duodenal cannulae. They found that Mo from tri-

and tetrathiomolybdate infused into the rumen was rapidly
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absorbed from the rumen and was present in plasma in a. protein-

bound form. Although thiomolybdates are sensitive to acid

hydrolysis, in the order di- )tri-) tetrathiomolybdate (Mason,

1981; Clarke and Laurie, L982), a significant proportion of the

intraruminally infused thiomolybdates survived the acid environ-

ment of the abomasum and were found in the circulation in the

protein-bound form. lvlolybdenum from thiomolybdates that were

degraded by the acid conditions of the post ruminal tract re-

sulted in increased plasma molybdate which is not bound to plasma

protein.

Influence of Dietarv Copoer In proposing the thiomolybdate

theory, Dick et aI. (L975) suggested that these compounds could

interact with Cu in the gut and reduce both Cu and Mo absorption

andfor interact with tissue Cu and interfere with Cu metabolism

following absorption. In other words, there a"re two possible

areas of interaction between Mo compounds and Cu; in the gut

resulting in decreased Cu avaLlability; and systemically, where

several effects are possible. This is the basis for distinguish-

ing between two interrelated syndromes: molybdenum-induced

hypocupraemia and molybdenosis (Mason, 1981 ). The former is

predominant if the dietary Mo:Cu ratio is relatively low and the

Iatter, with high Mo levels and a high Mo:Cu ratio. Both syn-

dromes will be discussed in more detail later.

With low dietary Mo concentrations ( less than 8 mg i.g-l )

increasing dietary S levels accelerate the depletion of hepatic

Cu reserves and promote a fall in plasma Cu (Mason, 1981). For

example, Suttle and Mclauchlan (L976) varied dietary Mo l¡etween 1
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and 5 mg kg-l and S (organic and inorganic) between 1 and 3 g

t g-1 in feed for sheep and found that Cu absorption, measured by

a repletion technique, Iilas reduced by 35% when fed the high Mo

and S diets. Mason (1981) cited a study by MiIIs and Bremner who

found an 80% reduction of Cu absorption in cattle subjected to

similar dietary regimes. On the other hand, Mason et aI. (1978b)

found that dietary Cu supplementation reduced TCA-insoluble Mo

concentrations in plasma and reduced the absorption of Mo in

sheep on a MoOnz- and SO42- supplemented diet. Results from

these three studies provide some evidence that Cu and Mo can be

bound together in a" form that is unabsorbable from the gut.

A second effect of Cu may be on Mo inhibition of the reduc-

tion of SO42- to HrS in the rumen. A review of the literature

did not reveal any work reported in this a"rea., however, Dowdy and

Matrone (1968) observed that Cu of copper sulfate (CuSOn) and

sodium molybdate (NarMoOn.ZHrO ) form a complex which precipitates

in a near neutral solution (similar to rumen pII). The ratio of

Cu to Mo in this complex, identified as Iindgrenite

(2CuMoOn.Cu(OH)r, Dowdy et àL., L969 ) is 3:2. If such a complex

does form in vivo, MoOn2- concentrations in rumen fluid would be

reduced which in turn would reduce both the inhibitory effects of

Mo on SO42- reduction and the avaíIability of Mo for thiomolyb-

date formation.

Distribution Under normal dietary

conditions,
-1bmgKg¡

1983 ) with

and Storage of
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bone, muscle and skin. Based on a review of the literature,

Underwood (L977 ) reported that species differences appear to be

small and that there is little Mo accumulation in tissues or any

one particular organ with age. Blood levels of Mo in animals

appear to be dependent upon the animal species and the dietary

intake of Mo, Cu and S (Underwood, L977 ) .

Ingestion of feedstuffs high in Mo, or of Mo supplemented

diets, modifies the Mo levels in tissues of both monogastric and

ruminant animals. Increasing the }fo content of rat diets frotn 1

to 30 mg Xg-l was found to raise the hepatic Mo from 1 to Lt'Lz

mg kg-l D.M. and the Mo content of bone from 0.2 to g'L2 mg kg-l

D.M. (Davis, 1950). Vanderveen and Keener (L964) found that the

Mo levels in livers of Holstein cows increased from 5-6 to 29-30

mg kg-1 D.M. and serum Mo increased from 0.01-0.03 to 2.07-3.92

mg ¡-1 by adding 50 mg kg-1 of Mo to the control diet. Sheep

grazLng a Mo-fertilLzed pasture (ranging from 5.5 to 33.5 mg Mo

Lg-l D.M.) had 80-168, 3 and 16 fold higher Mo contents in the

plasma, liver and kidney, respectively, compared to sheep grazi-ng

an unfertitized pasture (Pitt et àI., 1980). It should also be

pointed out that in this study yearling sheep had higher plasma

Mo content (2.4 + 0.6 mg L-1) than did mature sheep (L.7 + 0.4 mg

L-1) reflecting either increased ability to absorb dietary Mo in

young compared to mature sheep or a difference in gtazing behav-

ior between these two groups of animals. Adult sheep and cattle

maintain Mo concentrations of 25-30 mg kg-l D.M. in their livers

as long as the element is ingested in lar-ge amounts. These high

levels rapidly return to normal when intake of the extra Mo stops
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(Underwood, 1977 ).
Underwood (Ig77) and Hainline and Rajagopalan (1983) both

stated that increased dietary inorganic S reduces the tissue Mo

content in rats and in cattle and sheep. This decrease was

ascribed to increased competition for absorption in the intestine

and/or reduced absorption of Mo-S complexes formed in the rumen.

The magnitude of this. SO42- effect on tissue Mo content was well

demonstrated by Dick (1956), who found that sheep fed a control

ration providing 0.3 mg Mo 6-1 had a reduction in total body Mo

from 92.9 to 16.8 mg when daily sulfate intake was increased from

0.9 to 6.3 g d-1. The response to sulfate was even more dramatic

if Mo intakes were high (20.9 mg d-1) as total body Mo dropped

from 297.7 to 28.4 mg for the same sulfate intakes.

Dick (1956) found that the kidney does not follow the above

pattern as the highest Mo concentrations in the kidney occurred

in the sheep fed the high levels of both SO42- and Mo. More

recently, Bremner and Young (t978) reported that Cu and lvfo

accumulated in the kidneys of Mo and SO42- fed sheep and attri-

buted this to accumulation of a Cu-thiomolybdate complex formed

systemically as described by Suttle (L974a) and Dick (1975).

The effect of dietary S on plasma Mo content is more compli-

cated. Under normal dietary conditions plasma Mo exists in the

form of molybdate, and is TCA-soluble (p. 19). Normal serum Mo

concentrations ca.n range from 0.06-60 mg L-l in sheep and cattle

(Hansard, 1983). As mentioned earlier (p. 19) administration of

Mo to ruminant diets can result in the appearance of thiomolyb-

dates in the plasma. Increased levels of dietary S can increase
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circulating levels of thiomolybdates for animals fed the sarûe

concentration of Mo (Bremner , I976).

There are some inconsistencies in the reported data on the

effects of dietary S on tissue and blood Mo content, as exempli-

fied by the results of Ademosun and Munyabuntu (1982). They fed

four groups of lambs a basal diet containing 9.1 mg Cu tg-1, 0.66

ng Mo kg-l and 1.6 g S Xg-1 with either O or 10 mg kg-l added Mo

((NHa)6MorOrn.4HZO) and either O or 4 g kg-1 added S (1:1 ratio

of NarSOn and K2SO4). After twelve weeks liver Mo content was

significantly higher in lambs receiving the Mo supplement but the

added SO42- had no effect. Plasma Mo levels were 1 and 3-4 mg

L-l in sheep supplemented with O and 10 mg kg-l Mo respectively,

but there was no response to added S. It appears from this study

that the production of thiomolybdates or Cu-thiomolybdate com-

plexes in the gastrointestinal tract of the sheep either did not

affect Mo absorption or interfered with the excretion of absorbed

Mo. However, the treatments influenced Cu metabolism as expec-

ted. Plasma Cu levels were reduced by supplements of either Mo

or S and the combination of both Mo and S supplementation caused

a. further significant decrease. Dietary Mo caused a. greater

reduction than dietary S in liver Cu content and plasma cerulo-

plasmin oxidase activity. Ceruloplasmin, E.C. 1.16.3.1, is a"

glycoprotein containing six Cu atoms and nine sialic acid resi-

dues per molecule (Frieden, 1980). The combination of both Mo

and S resulted in an even greater depression of liver Cu content

and ceruloplasmin oxidase activity.

The results of this study (Ademosun and Munyabuntu, 1982)



25

Ieave several questions unanswered. First, if the decreased

plasma Cu observed for the Mo + S treatment was due to the

formation of unabsorbable thiomolybdate complexes in the But, why

sras there not a corresponding decrease in plasma Mo levels? The

answer may be increased production of unabsorbable copper sulfide

(Suttle, L974b) relative to copper-thiomolybdate complexes in the

gut. Second, âs dietary S had a greater effect on plasma Cu

content than did dietary Mo; why were ceruloplasmin oxidase

activity and liver Cu content more affected by dietary Mo than by

dietary S? Again the results imply that S was more effective

than Mo in reducing Cu absorption or in facilitating removal of

Cu from the blood. Molybdenum, however, appeared to i-nf luence

absorbed Cu utilLzation, âs evidenced by plasma ceruloplasmin

oxidase activity and liver Cu content. Ishida et aI. (1982)

outlined two possible ways in which absorbed thiomolybdates may

affect Cu utilization. First, by preventing Cu from entering

Iiver cells so that liver Cu storage and Cu utilizatLon for

ceruloplasmin synthesis a:"e indirectly affected. Second, by a

primary intercellular metabolic effect preventing the synthesis

of Cu-storage complexes and ceruloplasmin. The latter suggests a

general control of liver Cu metabolism and may also explain

situations in which ceruloplasmin oxidase activity responds rela-

tively rapidly (within 1 to 2 weeks) to dietary administrations

of Mo and So42- (Ishida et â1., 1982).

Copper supplementation can also influence tissue and blood

Mo eontent. Hogan e-u aL. (L97L ) found that monthly subcutaneous

injections of Cu, as cuproxoline (cupric 8-hydroxyquinoline bis-
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(diethylamine sulphonate) ) significantly increased molybdenum

concentratÍons in the kidney, but did not affect plasma Mo values

of pastured sheep. Dietary Cu supplementation exerts a major

effect on Mo at the gut level by decreasing Mo absorption (Mason,

1978 ) .

The chemical state of Mo in animal tissues is largely un-

known although a part has been presumed to be bound to molybdo-

enzymes or to unknown storage proteins (Hainline and Rajagopalan,

1983). Johnson et al. (L977 ) examined the distribution of Mo

present in livers of rats fed a control diet containing 0.02-0.03

mg Mo Lg-1 D.M. Sulfite oxidase and xanthine oxidase accounted

for 60 percent of the Mo present and the remainder was associated

with a Mo cofactor. Under these controlled conditions liver Mo

\¡/as quantitatively accounted for, but it is possible that under

conditions of more variable exposure to Mo, other forms of Mo,

including free molybdate ion, might be present in tissues.

Intracellular Metabolism of Molybdenum. Most current knowledge

concerning Mo in animal tissues has been obtained through the

discovery and characterization of the molybdoenzymes, xanthine

oxidase/dehydrogenase, aldehyde oxidase and sulfite oxidase.

Despite advances in knowledge concerning the other prosthetic

groups of molybdoenzymes very little was known about the Mo

center of these enzymes until Pienkos et al. (L977 ) isolated the

molybdenum cofactor of milk xanthine oxidase. They suggested

that this same cofactor was shared by the other molybdoenzymes of

animal origin.

Also, studies have shown the existence of storage forms of
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this cofactor in combination with Mo, and that these storage

forms aîe distinct from the defined molybdoenzymes present in

animal tissues (Johnson et à1., L977). These authors reported

that the cofactor in rat tissue is associated with the outer

membrane of mitochondria, the major storage site being the liver.

A current hypothesis regarding the structure of the active Mo

cofactor suggests that it consists of a reduced pterin linked to

a molybdenum atom by sulphur bonds (Hainline and Rajagopalan,

1983 ) .

In vitro studies by Cardo et al. (1983 ) suggested that

intracellular molybdate may interact with the glucocorticoid

receptor molecule turning it into a" form that has a low affinity

for the steroid. This receptor, after binding to the steroid,

undergoes a process called 'transformationt or 'activation' that

makes the steroid-receptor complex able to translocate into the

nucleus of the target cell (Chan and OtMalley, L976). Cardo et

aI. (1983) also found reduced transformation ability of the

glucocorticoid receptor in the presence of molybdate. This sug-

gested that both the reduced affinity and reduced transformation

responses were related to weak and reversible association of

molybdate with sulphydryl groups of the receptor. Molybdate also

was found to directly inhibit the in vitro transformation of

uterine estrogen receptors to the DNA binding state (Shyamala and

Leonard, 1980). No data were found on intracellular fluid molyb-

date concentrations for animals receiving varying dietary concen-

trations of Mo.
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Excretion of Molybdenum. The major excretion routes for Mo are

in feces, urine and milk. Hansard (1983) cited a" study by BeIl

et aI. (1966) in which fecal excretion in steers averaged 92% of

oral 99uo doses and 3o% of those given intravenously with O.5%

and 9.5%, respectively, itr the urine. Bobinson et al. (1966)

gave intravenous infusions of g9Uo as NarMoO .2H2O to six Lactat-

ing (15.9 + 2.2 L milk d-l) Holstein-Friesian cows. Excretion in

urine, milk and feces represented 52.4 + 4.9, 26.2 + 3.0 and 2L.4

+ 2.O% of total 99Mo losses, respeetively during the period 31.5

to 55.5 hours post infusion.

In a similar experiment on six pregnant (1 to 7 mo.), late

lactation (4.5 + 1.0 L mitk d-l) Holstein-Friesian cows, urinary,

milk and fecal Mo excretion represented 53.8 + 5.8, 2.1 + O.4 and

44.1 + 5.2%, respectively of total 99Uo losses (Robinson et àI.,

1966). The biological half-life of injected 99Uo also differed

between these two groups of cows. The total 24 hour Mo losses

were 2.24 + 0.52 and 11.5 + 2.4 mg t g-1, respectively for the

high and low lactation cows. Whether the differences observed

between these two groups of animals were related to milk produc-

tion, pregnancy, previous nutritional history or genetics cannot

be determined from this study. The two studies (8e11 et ÐL.,

1966; Robinson et â1., L966) reported trere and many earlier

studies, failed to report dietary concentrations of nutrients,

such as S and Cu, that may affect Mo excretion.

t{eber et aI. (1983) found that 40 kg sheep fed a lucerne and

oaten chaff diet containing 5.5 mg Cu, 0.7 mg Mo and 1.1 g S d-1,
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excreted less than LO% of ingested Mo, the majority of this being

in the urine. This would suggest that the Mo is retained in

tissues. Therefore, either Mo excretion as a percent of total

intake would be higher for mature animals or tissue Mo content

would increase with animal age. The latter is in conflict with

statements made by Underwood (L977 ).
Increasing the dietary Mo intake from 5 to 50 mg ¿-1 re-

sulted in approximately 50 to 60% of the dietary Mo being

excreted with approximateLy 65% of that excreted appearing in the

feces (Ileber et àI. , 1983 ). The systemic effects of the Mo

retained by animals fed diets containing lvlo in the range used by

Weber et al. (1983) merits further study.

Grace and Suttle (Lg|g) used 99Uo to study the effects of

dietary S on Mo metabolism in sheep and found increasing dietary

S decreased Mo absorption. However, increased S intake also

increased body Mo retention as a result of decreased urinary

excretion and fecal endogenous losses of Mo. These data contra-

dict results of Dick (1956) who reported reduced whole body Mo

retention. An explanation for the contradictory results may be

the differences in dietary S content of the rations used in the

two studies, âs daily S intakes for sheep in the latter study

were 6.3 g d-1 as compared to 3.3 g d-1, the highest value used

by Grace and Suttle (L979).

Plasma thiomolybdates bind to albumin in vivo to form rela-

tively stable complexes (Kelleher et âI. , 1983 ). However if

displacement occurs or if the binding capacity of the aLbumin

carrier is saturated, the free compounds a.te rapidly hydrolyzed
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to MoOn2- and SOn2- (Hynes et â1., 1984). These compounds may be

recycled, but with relatively high dietary S levels the Mo tends

to be excreted in urine. This is probably because of molybdate-

sulfate competition for transport processes in the renal tubules

which blocks Mo reabsorption (Mason, 1981 ) .

SuIfur can also influence Mo recycling via salivary secre-

tions (Suttle and Grace, 19?8). For low Mo intakes (0.3 ng d-1),

salivaiy Mo secretions accounted for 0.045 to 0.008 mg 6-1 or

L7.6 to 6.O% of the absorbed dietary Mo. These values were not

significantly affected by dietary S intakes, ranging from 0.98 to

3.29 g 6-1 but there was a" trend towards reduced Mo secreti-on

with increased dietary S. With low S intake (0.98 g d-1) and

high lrfo intake (3.5 mg d-1), 2.4 mg Mo d-1, representing 89 % of

absorbed dietary Mo was secreted via saliva into the rumen. The

coefficients of absorption for dietary and dietary plus secreted

Mo were the same (0.75) indicating t}:.at secreted Mo was extensi-

vely reabsorbed. However, additions of dietary S resulting in

daily intakes from 1.33 up to 3.23 g d-l significantly reduced

recycling of Mo, whether determined on the basis of Mo secreted

into the rumen (0.109 to 0.009 mg d-1) or as à" proportion of

absorbed Mo. Therefore it was concluded that S reduced the

amount of Mo recycled via saliva by decreasing the amount of Mo

available for secretion because of decreased absorption, and by

decreasi-ng the "secretability" of circulating Mo.

Copper and Molybdenum Content of Milk

The Cu content of ruminant milk is low

species, stage of lactation and Cu status of

and varies with

the animal (Archi-
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bald, 1958; Underwood , L977; Lönnerdal et âI . , 1981 ) . Copper

content in colostrum ranges from O.2O to 0.30 mg L-1 for cows and

from O.5O to L.4O mg L-l for ewes. MiIk has concentrations

around 0.10-0.20 and 0.20-0.40 mg ¡-1 for cows and ewes, respec-

tivety (Lönnerdal et âI. , 1981 ). Vanderveen and Keener (L964)

demonstrated that the Cu concentrations in cows' milk declined

from 0.28 mg L-l on day 75 of lactation to 0.06 mg l-1 on day

300. Underwood (L977 ) cited a study by Beck (L94f) in which the

milk of normal ewes declined from 0.20-0.60 mg L-l in early

lactation to 0.40-0.16 rng l-1 several months later. Subnormal Cu

Ievels of 0.01 to O.O2 mg L-l in the milk of cows and ewes

grazing Cu-deficient pastures were also reported by Beck (1941).

Subcutaneous injection of a copper-glycinate suspension increased

the Cu levels in cows'milk for at least 4 weeks (Dunkley et àL.,

1963), a result in contrast with reports of no milk response to

dietary Cu supplementation (Underwood, L977).

Milk is a major excretion route for Mo in the lactating

animal and the Mo content of milk is influenced by dietary Mo

intakes in cor,vs, ewes and does (goats). Early work reported by

Archibald (1951) showed that cows fed 500 mg Mo d-1 as ammonium

molybdate had 0.37 mB Mo L-l milk compared with 0.07 mg Mo ¡-1

for animals fed the control ration. Cunningham et al. (1953)

administered daily drenches of ammonium molybdate containing 340

(days 1 to 10), 1360 (days 11 to 52) and 272L (days 53 to 65) mg

Mo to a Jaetati-ng cov/. He found no change in Mo content of milk

in response to the lowest level of dosing, and a gradual i-ncrease

to 2.O5 ng L-l over the first twenty-three days on the interme-
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diate dosage level, followed by a decline to initial levels. At

the highest Mo dosage the Mo content of milk remained at less

than O.52 mg L-1. A second animal was given either 1360 (days 1

to 20), 272L (days 2L to 31), or 5442 (days 31 to 37) mg Mo d-1

in the same method and the Mo content of milk averaged O,75, 1.16

and 2.32 mg L-1, respectively. Ten other cows in this herd fed à

typicat dairy ration produced milk containing 0.12 mg Mo ¡-1.

Unfortunately the Mo, Cu and S contents of the basal diet and

daily dry matter intakes were not reported for either study.

Also, this study by Cunningham et aL. (1953) dj-d not allow for

possible carryover effects with progressively increased levels of

orally administered Mo.

Kiermeier and Capellari (1958) compared the effects of

feeding hay providing 2.6 or 34 mg Mo ¿-1. The milk from cows

fed the high Mo hay had two to three fold higher levels of Mo

than that of 0.15 mg L-l milk from cows fed low Mo hay. The fact

ttrat two different sources of hay, which may have had different

nutrient profiles, were used leave the results of this experiment

open to question.

Hart et al. (1967) gave cows daily doses of O, 45 or 95 mg

Mo as ammonium molybdate, representing O.4, 3.5 and 7.3 mg Mo

Lg-l diet, and found Mo content of milk to be 0.26, 0.40-0.45 and

0.40-0.60 ng L-1, respectively. The basal ration provided 4.5 to

5 mg Mo d-1 depending upon feed intake. These authors also found

that increasing the daily Mo intake from 1.1 mg to 13 mg resulted

in Mo in milk being j-ncreased from O.L2 to 0.20-0.7O mg ¡-1.

Vanderveen and Keener (L964) found that Holstein cows fed
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diets containing from 5 to 50 mg kg-l added Mo, as ammonium

molybdate, had milk Mo content of 0.08 to 0.87 mg Mo L-1, respec-

tively compared to 0.03 mB Mo L-1 for control animals. MiIk Cu

content was not affected by dietary Mo. The cows were put on

test at parturition and maintained on the respective rations for

300 days. Over this period the concentrations of Mo in milk

increased for cows that received the Mo supplemented rations.

Addition of 3% S (as sulfate) did not affect Mo content of milk

for a second group of cows fed the control diet but reduced the

milk Mo levels for cows fed the supplemental levels of Mo. Diets

containing from 5 to 50 mg kg-1 added Mo and 3.0 g kg-1 added S

resulted in milk Mo levels of 0.05 to O.22 mg L-1. Adding Mo and

S to the diet depressed milk Cu concentrations. The Cu content

of the basal diet was 2 mg t g-1 but lvlo and S tevels were not

reported. There were no statistical analyses of the data.

Hogan and Hutchinson (1965) measured the Mo content of milk

from ewes grazi-ng three pastures with Mo contents of less than L,

13 and 25 mg 1çg-1 D.M., and found the Mo concentrations in milk

to be less than 0.01, 0.98 and 1.04 mg L-1' respectively. The

oral administration of 23 g SO42- 6-1 to ewes grazi--ng the pasture

that contained 25 mg kg-l Mo forage caused milk Mo content to

decrease to 0 .L4 mg ¡-1.

Lactating dairy cows fed a basal diet containing 6.4 mg Cu

tg-1 to which was added 0, 53 or L73 mg Mo t g-1 D.M., âs sodium

molybdate, produced milk containing 0.03, L.34 and 2.37 mg Mo

L-l, respeetively (Huber et å1. , L97L). Dietary Mo inereased the

Cu content of milk from O.1O mg L-l for control animals to 1.08-
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1.27 mg L-1 for Mo supplemented animals. This result is in

contrast to the response observed by Vanderveen and Keener

(Le64).

The studies mentioned above illustrate that increased Mo

intake results in increased milk Mo content. With the exception

of the studies done by Vanderveen and Keener (L964) and Hogan and

Hutchinson (1965), no literature is avai-lable regarding the

effects of other dietary nutrients on the secretion of Mo in

milk. To date, reports providing milk Mo data have failed to

provide information concerning the nutrient profile of the basal

diet used, daily feed intakes and feed intake responses to di-

etary treatments. Also, there is linited information on the

stage of lactation and the milk yield of the animals used in

these studies. Therefore current knowledge of factors influenc-

ing milk Mo content and total daily excretion of Mo in milk is

limited. This also presents a question regarding the ability of

LactatLng animals to rid themselves of excess absorbed Mo as

compared to non-lactating animals.

Hart et aI. (L967 ) determined both the xanthine oxidase

activities and Mo content of cows milk and observed that the

xanthine oxidase activity was proportional to the Mo content.

They also found that oral administration of ammonium molybdate to

the cows resulted in increased Mo content of milk but did not

change its xanthine oxidase activity. A similar response was

seen in goats given supplemental Mo.

Molybdenum is found in both the cream and skimmilk fractions

of milk. Archibald (1951) reported that cream from cows on a
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control ration contained 0.26 mg Mo L-l compared with 0.51 mg Mo

¡-1 for animals receiving 500 mg Mo daily. The amounts in the

skimmilk were 0.05 and 0.19 mg lvlo L-l, respectively. Butterfat

content of the milk was not reported. Hogan and Hutchinson

(1965) found a high proportion of the Mo associated with the

aqueous phase in ewe's milk.

Copper and Molybdenum Metabolism in Preruminants

The literature on body copper stores in newborn calves and

lambs was reviewed by Hidiroglou and Knipfel (1981). Copper

contents of bovine neonatal tissue were sinilar to those of

mature animals with the exception of significantly higher Cu

contents in the liver of neonates cornpared to their dams. Calves

born to Cu deficient cows had lower liver Cu compared to those

from normal cows. Copper supplementation by either oral or

parenteral administration increased liver Cu concentration of the

dams and their calves. Newborn lambs, hourever, have lower Cu

concentrations in liver and in other tissues than their dams. As

for bovines, Cu deficiency in or Cu administration to e\ryes re-

sulted in decreased or increased neonate liver Cu content,

respectively.

No information was found on neonate body Mo stores. How-

ever, serum Mo levels of 0.16 and 0.30 mg L-1 were found in

newborn calves from cows fed supplemental Mo and sulfate during

pregnancy (Vanderveen and Keener, 7964). This indicates that Mo

can eross fetal membranes.

Relatively few studies have been carried out on Cu and Mo

metabolism in preruminants. Two studies, Miller et al. (L972)
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and SuttIe (L975) give some indication of differences between

ruminants and preruminants.

In the first study (Miller et aI., Lg72¡ 99Mo was adminis-

tered to calves either in the rumen in gelatin capsules using a

balling gun or into the abomasum in milk sucked from nipple

pails. The calves were fed alfaLfa hay free choice plus a

limited grain ration and hence had functional rumens. Eight

hours after dosing, plasma and saliva Mo levels were more than 4

times higher in abomasal dosed calves as compared to ruminal

dosed animals indicating a more rapid absorption from the lower

gut. During the 72 hours post dosing there was a general decline

in plasma and saliva levels of Mo for both ruminally and aboma-

sally dosed calves, however, levels remained higher during t}:at

time for calves given 99Uo into the abomasum. In a" second trial,

Miller et aI. (Lg72) found that apparent absorption of 99Uo after

seven daily doses averaged 29.8% and 62.2% for ruminal and aboma-

sal dosed calves, respeetively. This result is in conformance

with the thiomolybdate theory previously discussed. It is of

interest to note t}:at the pattern of uptake into the plasma, the

disappearance of 99Mo from the plasma, and the route of excretion

found for abomasally dosed calves were more similar to those for
pigs, which were included in this comparative study, than for

rumen dosed calves.

Percentages of the total 99Uo dose retained by calves during

the seven days of dosing were calculated from recoveries in

urine, feces and in the contents of the digestive tracts at

slaughter. Average retentions of the total 99lUo dose were 25.5 +
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4.2% and 30.4 + 6.3% for ruminal and abomasal dosed calves,

respectively.

The fact that aþomasal dosed calves had functional rumens

üây, in part, explain the similarities in 99Uo retention for

these two groups of calves, and therefore may not resemble pre-

rumi-nant calves. Any Mo recycled into the rumen via saliva would

presumably undergo the same processes as Mo initially dosed into

the rumen, thus similar absorption and systemic effects would be

expected.

Suttle (LgT5) used 64cu and an indigestible 103¡u-labeIted

marker to measure apparent availability of Cu in lambs bottle fed

a milk substitute (preruminants) and for six weeks after weaning.

Prior to weaning, the isotopes were administered in 100 ml of the

milk substitute just prior to giving the lambs the remainder of

the afternoon feed. Weaned lambs were given their doses by

intraruminal injection. The lambs were weaned at 38 to 64 days

of age.

Mean Cu availabitities decreased with àEe, from 7L.O + 3.7

to 47,2 + 7.8% for 28 and 14 days prior to weaning, respectively.

Cu availability further decreased to 10.8 + L.4% by 15 days post-

weaning. Suttle (L975) attributed the latter decrease to some

effeets of weaning. However, âs noted above there was a decrease

of 23.8 percentage units during a two week period before weaning.

Therefore the postweaning decrease in Cu availability may have

been related to either the age of the lambs or to developing

rumen function.
Half the original group of lambs were given either abomasal
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or ruminal doses of 64Cu and 103¡¿ ¿¡ 42 days postweaning. The

mean Cu availability was 2L.4 + 4.0% and 3.7 + 2.L% for animals

dosed via the abomasum and the rumen, respectively. These data

suggest that Cu undergoes processes in the rumen which reduce

availability to the animal. A similar high availability of

dietary Cu Ìvas demonstrated in veal calves on milk substitute

diets, si-nce over 50% of the dietary Cu was retained in the liver

of these animals (Bremner and Dalgarno , L973).

Bremner and Davies (1980) cited an unpublished report on

calves orally dosed with 64Cu and with 1419s91, as an indigest-

ible marker. Cu absorption prior to weaning was 68% compared to

only 27% after weaning. In this study, the calves were fitted

with duodenal and ileal reentrant cannulae, thus enabling the

sites of Cu absorption to be determined. Absorption from mouth

to duodenum, mouth to ileum and mouth to anus in milk fed ani-mals

was 10, 59 and 68%, respectively, compared with 10, 19 and 27%

after weaning.

IVork done with monogastric animals may shed some light on

the differences in Mo and Cu metabolism between simple stornached

animals and ruminants. In rats, liver Cu content was increased

by supplementary oral Mo, an effect that was alleviated by diet-

åry sulphate S (lliller et ÐI., L956; Nederbragt, L982) whereas in

ruminants liver Cu content was reduced by dietary Mo and sulphate

(Bremner and Young, L97B; Van Ryssen and Stielau, 1981). ThÍs

difference is related to the complexing of Cu with thiomolybdates

synthesized by rumen microorganisms thus reducing dietary Cu

absorption.
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Molybdenum, however, does appear to have a similar systemic

effect in both ruminants and non-ruminants. Smith and lVright

(L975) found that Mo supplementâtion resulted in a plasma Cu

fraction that was TCA-insoluble in both sheep and guinea pigs.

Diets containing Mo at concentrations of L7 and 100 mg kg-l were

fed to sheep and guinea pigs, respectively. Nederbragt and Van

dem Hamer (1981) showed that a protein-bound, non-ceruloplasmin

Cu complex in the plasma of Mo supplemented rats was part of an

albumin bound Cu-Mo-S complex. The complex had properties simi-

lar to those of in vitro synthesized Cu-thiomolybdates described

by Mills et al. (1978). This suggests that the effect of Mo on

systemic Cu is similar in monogastrics and ruminants.

Nederbragt (1982) also found that the administration of 500

mg lvlo kg-l in diet to Cu adequate rats resulted in increased

liver and plasma Cu but a rapid decrease in plasma ceruloplasmin

activity. The experiment was repeated with rats fed on diets

with the same composition but given additional Cu for 2 weeks.

The added Cu, as CuSOn, was given either by increasing dietary Cu

from 6.0 to 25.0 mg tg-l or by intraperitoneal injection of 250

mg Cu every second day. Mode of copper supplementation did not

influence the response which was a decrease in plasma and liver

Cu concentrations and a rise in eeruloplasmin activity.
Nederbragt (L982) argued that an Mo-S compound was formed in

the gastrointestinal tract. The i-ncrease in dietary Cu may then

have given rise to a higher concentration of a Cu-Mo-S compound

in the gastrointestinal tract which cannot be absorbed. There-

fore less of the Mo-S compound was avaLlable at systemic sites
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for Cu binding. Nederbragt (1982) went on to argue that rats

given Cu intraperitoneally increased Cu excretion into the biIe.

Assuming minimal reabsorption oi the biliary-Cu, it is then

available for binding to the thiomolybdates which would again

reduce absorption of the thiomolybdates.

There is no direct evidence for the suggested formation of a

Mo-S compound or thiomolybdate in the small intestine of the rat.

The presence of protein-bound or TCA-j-nsoluble plasma Cu in Mo

supplemented guinea pigs (Smith and Wright, L975 ) and rats

(Nederbragt and Van dem Hamer, 1981; Nederbragt , L982 ) may have

been related to coprophagy. The guinea pigs were housed in

galvanized metal cages and the rats in steel wire bottom cages.

Although wire bottorn cages are designed to allow feces to drop

out of the cage, rats can recycle part of their feces by direct

ingestion from the anus (Barnes et â1., 1967). Therefore, it is
possible that microbial metabolism in the large intestine, of

dietary sulfate or S containing compounds, produces thiomolyb-

dates which upon re-ingestion are absorbed from the gut. Rats

and guinea pigs would therefore be poor models for trace element

studies of preruminants.

On the other hand, if the above results were not due to

coprophagy, and similar responses were observed for preruminants,

then mitk diets high in Mo could result in depletion of body Cu

stores in a similar manner to that described for ruminants. this

becomes even more relevant when taking into consideration the low

Cu content of cows' milk (0.10 to 0.20 mg L-1) and ewes' milk

(0.20 to 0.30 mg L-1) (Lönnerdal et àI., 1981).



41,

The effects of excess dietary Mo in preruminants have not

been determined, with the exception of some work with thiomolyb-

dates by Suttle and Field (1983). They compared four groups of

three lambs reared on a milk substitute diet containing 10.5 mg

Cu kg-l D.M., with or without supplements of 5 mg Cu xg-l D.M. or

3 ng Mo kg-l D.M. in a 2 x 2 factorial design. Supplementary

ammonium tetrathiomolybdate reduced hepatic Cu retention by one-

third but had no effect on the amount or distribution of Cu in

plasma or on plasma Mo concentrations. The growth of lambs

treated with ammonium tetrathiomolybdate was similar to that of

untreated lambs (350 g d-1 ). The effect of tetrathiomolybdates

on hepatic Cu storage occurred in the absence of "systemic ef-

fects" on Cu metabolism and was probably because of reduced Cu

absorption from the gut.

In attempting to quantitate the reactions, Suttle and Field

(1983) found that the effect of adding 3 mg Mo to the diet, âs

tetrathiomolybdate, was similar to removing 5 mg Cu from the

diet. This represents a Mo:Cu ratio close to that required for

the formation of CurMoSn.

Effects of Excess Dietary Molybdenum

Bose (1983) defined toxicity as a chenically induced altera-

tion in structure and/or function, resulting in an adverse or

malfunctional response. the syndrorne produced by excess dietary

Mo in ruminants is complex due to the variety of biochemical and

clinical effects produced. The syndrome may have the two inter-

related components, that of an induced copper deficiency and of

molybdenosis arising at high Mo intakes (Mason, 1981 ). Numerous
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terms have been used to describe this syndrome including, molyb-

denosis, teart scours (teartness), peat scours, Mo-induced Cu

deficiency and hypocuprosis. Case reports describing this dis-

order are always concerned with ruminants and almost always

concern grazing as opposed to confined animals (Hartmans and

Bosman , I97O; Iïrard , L978).

Conditioned Hypocuprosis. Low dietary Cu intakes have been re-

ported to l¡e responsible for the development of Cu-responsive

disorders (Todd, L976) and are commonly referred to as "simple"

or "primary" Cu deficiencies. However, the majority of cases in

which Cu deficiencies have been observed in grazjng animals

occurred where pasture forage analysis indicated adequate Cu

supplies (Bingley and Anderson, L972; Ward, 1978). These "condi-

tioned" or "secondary" Cu deficiencies are caused by antagonistic

effects of other dietary constituents on Cu absorption and/or

utilLzatj-on of absorbed Cu. Excess dietary levels of zinc, iron,

cadmium and manganese have been associated with reduced Cu avail-

ability to animals (Bremner, t97O; Ivan and Grieve, Lg76; Mills,

1980 ) . The most important inorganic constituents of diets asso-

ciated with reduced Cu availability in ruminants are Mo and S

(Bremner and Davies, 1980).

Manifestations of Cu deficiency described by McMurray

(1980), Fell (1981) and Underwood (1981) include anemia, bone

disorders, neonatal ataxia, cardiovascular disorders, achro-

motri-chia, defective keratinization of wool and hair, infertility

and scours. Symptoms associated with Cu deficiency differ to

some extent between sheep and cattle (Underwood, 1981). The
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classic Cu deficiency syndrome associated with sheep is swayback

(enzootic ataxi-a) which results from motor dysfunction caused by

defective synthesis of myelin (amyelination) in the neonate or

young lamb (Paterson et àL., L97L). The condition appears to be

related to impaired biosynthesis of catecholamines involving a

number of Cu-dependent enzymes (Paterson et àI. , 1977). The loss

of the characteristic crimp in wool of Cu deficient sheep has

been associated with the loss of disulfide bridges, normally

providing the cross-linkages of keratin, and an increase in free

sulphydryl groups (Marston , L952). The precÍ-se biochemical in-

volvement of Cu is not known. Diarrhoea has been observed both

experimentally (MiIls et å1., L976) and in the field (Cunningham,

1953) in cattle, but not in sheep. Lawrence et aI. (1982) found

that noradrenaline concentrations in the intestinal musculature

of Cu-deficient steers were lower than in those on a Cu adequate

diet, but found no change in noradrenaline concentrations in the

intestinal musculature of rats because of Cu deficiency. The

steers had diarrhoea and the rats did not, which lead to the

suggestion that the noradrenaline response was responsible for

the diarrhoea, which does not occur in other species. The re-

maining manifestations of Cu defieiency have been reported in

both sheep and cattle.

Molybdenosis. Excessive Mo intake may be detrimental to animals

in other E¡ays. That ruminants are particularly susceptible to Mo

toxicity, which can occur without concomitant hypocuprosis, was

first documented by Allcroft and Lewis (1956), although the

diagnostic markers used in that study to rule out hypocuprosis
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are not known. Molybdenosis occurred in cattle with normal Cu

status placed on high Mo pasture (Farmer et â1. , L982 ) or rations

(Ruston , 1982). These animals developed profuse diarrhoea before

becoming Cu-def icient .

The possibility that sulfides and/or impairment of sulfide

oxidation may play a role in Mo-induced syndromes has received

some attention (Suttle, L974b; Mason, L978). The number of steps

involved in oxidation of sulfide to sulfite, which in the pres-

ence of sulfite oxidase forms sulfate, is unknown. Sulfide

accumulation in tissues or plasma are used as an indicator of

changes in 'sulfide oxidase' activity.
To determine if excessive Mo intake could result in animals

becoming susceptible to poisoning by metabolically generated

sulfides, Mason et al. (L978a) fed rats diets containing 1000 mg

Ir{o t g-1 D.M. they found a decline in liver sulf ite oxidase

activity and reduced overall sulfide oxidation capacity, but no

evidence of a rise in either blood or hepatic sulfide concentra-

tj-ons. They proposed several theories to explain these results:

1) the sulfide oxidation, although impaired, was still sufficient

to eliminate the relatively small amounts of endogenous sulfide;

2) if the major defect was at the sulfite oxidation step then the

accumulation of other earlier metabolites would be more likeIy.
Since ruminants may generate high leve1s of sulfide in the

ruminal fermentation process, it is possible that the scouring

eaused by feeding high Mo rations may be due in part to the

failure to oxidize highly toxic endogenous sulfide. Mason et al.
(L978a) tested this hypothesis by adding sulfur as either sulfate
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(Sonz-) or sulfide (s2-) to high Mo rat diets. Addition of SO42-

produced no increase in plasma TCA-insoluble Cu over the leveIs

observed for Mo alone, but added 92- doubled the levels. Cerulo-

plasmin oxidase activity did not change in any of the treatment

animals compared with controls. Unfortunately, data on sulfide

metabolism were not collected in this study. However, these

above two sets of experiments suggest that excess dietary Mo may

be detrimental to the animal in two ways. First, the animals may

be exposed to sulfide toxicity per se. Second, the animal may

develop conditioned hypocuprosis because of the Cu-Mo-S interac-

tions in the gut and/or systemically. No further work on

systemic toxic effects related to inhibition of hepatic sulflte

oxidase has been found.

Impairment of sulfide metabolism in the gut \ryas considered

by Fell et al. (7979 ) as a possible cause of the diarrhoea that

occurs shortly after cattle are fed high Mo diets. They found

that pathological changes occurred in the alimentary canal of

rats fed a" diet eontaining 3 mg kg-1 Cu and 6 mg kg-l Mo as

tetrathiomolybdate. Mitochondrial abnormalities in the duodenum

and jejunum and single cell deletion by apoptosis and necrosis in

the caecum and colon were present from the first day of treatment

until the end of the investigation. In a. second tri-al, rats

given thiomolybdate for 11 or more days had a marked increase in

the incidence of apoptosis in the small intestine, and gross

disorganlzation and edema of the caecal mucosa. There were also

changes in the bacterial populations of the caecal contents.

These changes, with the possible exception of the mitochon-
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drial lesions, could not be attributed to a conditoned hypocupro-

sis. Fell et aI. (L979) suggested that S transported into the

intestinal celIs as thiomolybdate may have cytotoxic effects

related to reduced sulfite oxidase activity. In the mucosa of

the caecum, the cytological lesions progressed to gross patholo-

gical changes similar to those seen in the presence of bacterial

endotoxins. These authors suggested that this may be related to

unabsorbed thiomolybdate accumulated in the caecum or reformation

of thiomolybdates from Mo excreted into the gut lumen. With the

possibility of reduced sulfite oxidase activity in the eaecal

epithelium, sulfide generation in the gut lumen could have dele-

terious effects and result in the absorption of bacterial

endotoxins.

Thus it is clearly difficult to define the effects of excess

dietary Mo intake other than that of impaired Cu metabolism in

ruminants. Most of the data related to impaired sulfide

metabolism have been obtained from rats and extrapolated to

ruminants. There may weIl be other deleterious effects

associated with high Mo intake which have not been well defined

to date. For example, molybdate has been shown to interact with

the thiol group of cysteine and the imidazol group of histidine

(Weathers et â1. , L979 ) and thus may interfere with metabolism of

amino acids, peptides or proteins.

Excess dietary Mo may also adversely affect rumen microbial

activities. Nikolió et al. (1983) assessed the influence of

different concentrations of Mo on metabolic processes in rumen

contents incubated in vitro. Mo concentrations in the incubation
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mixture were 0.041 , 0 .zLO and 0.609 mg Lg-1 . Increasing Mo

levels did not affect the utili-zation of urea and sulfate for

microbial protein synthesis. Howêver, there was a tendency for

VFA production to be decreased in two of the three experiments

conducted. Although no direct comparisons between the Mo concen-

trations in the incubation mixtures and dietary Mo levels can be

nade, Grace and Suttle (1,979 ) observed that rurnen Mo concentra-

tions increased from O.17 to L.l4 ng L-l for sheep when dietary

Mo was i-ncreased from 0.5 to 4.8 mg t g-1 D.M. Studies similar to

that of Nikolió et al. (1983) using higher levels of Mo and

taking into account S sources and concentrations would be of

value in trying to assess possible toxic effects of Mo on rumen

fermentation.

Prediction/Diagnosis of Conditioned Hypocuprosis

Analysis of Animal Diets. Attempts have been made to predict a

conditioned hypocuprosi-s from the analysis of animal diets. Many

of the early studies attempted to do this by defining the minimum

Cu:Mo ratios required by rumj-nants. Based on animal weight gains

and incidence of scouring, Miltimore et a1. (L964) suggested that

Cu:Mo ratios above 2.O in feedstuffs seemecl "healthy" for cattle

and lower ratios were associated with symptoms of Cu deficiency.

Alloway (L973) identified Cu:Mo ratios of approximately 4.0 with

reduced incidence of swayback in sheep. Use of these ratios

proved to be inaccurate in diagnosing or predicting conditioned

hypocuprosis because the ef,fects of dietary sulfur were not taken

into account.

From the results of sheep trials using semipurified diets
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containing levels of Mo ranging from 0.5 to 4.5 mg kg-l and S

ranging from 1.0 to 4.0 g kg-l D.M., Suttle and Mclauchlan (L976)

devetoped a. prediction equation relating true availability of

dietary Cu to dietary Mo and S concentrations:

log TA Cu = - 0.0019 Mo - 0.0755 S - 0.0131 (Mo x S)

1.153 , Equation 1

where TA Cu is the true availability (%) of Cu and Mo and S are

dietary concentrations as mg tg-1 and g kg-l' respectively. True

availability \{as determined by monitoring changes in Cu content

of liver. Sheep were Cu deficient at the time they were plaeed

on test.
Available Cu in a feedstuff can be determined by multiplying

the concentration of Cu with the predicted availability. The

prediction equation, with modification, was later adopted by the

Agricultural Research Council (1980) in revising Cu requirements

for ruminants.

Subsequent studies (Givens et àL. , 1981; Langlands et àI. ,

1981; Sutt1e, L982; Sutt1e, 1983) have shown that the Cu-Mo-S

interactions for natural diets can differ from those observed for

semi-purified diets. Suttle (L982) found the effects of the Mo -

S antagonism on Cu avaitability to be greater for fresh herbage

and less for hay than for the semi-purified diets.

To the contrary, Langlands et al. (1981) found that the

effects of Mo on the liver Cu status of gtazi-ng sheep were less

than those predicted by SuttIe and Mclauchlan's equation. Devia-

tions between observed Cu availability in natural feedstuffs and

those predicted from the equation derived using semi-purified



49

diets are largely unexplained. One influencing factor may be the

rate or extent to which Mo, S and Cu are solubilized or degraded

from a particular feedstuff during fermentation in the rumen.

For example, the higtrer Cu availability observed for brassica

crops compared to predictions (Barry et â1., 1981; SuttIe, L982)

may be related to the presence of non-degradable forms of S as

methyl-cysteine sulphoxide and thioglycosides in the plant mate-

rial. Comparing the differences in Cu absorption between fresh

forage and hay, Suttle (1983) suggested that reduced solubility

of Cu in the dried forage protected dietary Cu from the harmful

effects of Mo in the rumen.

A second factor to consider is the use of this equation for

feedstuffs containing Mo, S and Cu contents outside of the ranges

used by Suttle and Mclauchlan (Lg76). Langlands et aI. (1981)

evaluated the effects of pasture forage containing 6.6-13.7 mg Cu

xg-l D.M.,2.6'4.7 g S xg-1 D.M. and 0.33-28.0 ng Mo kg-1 D.M. on

hepatic Cu concentrations and found that dietary Mo and S did not

affect Cu availability to the extent suggested by equation 1.

Langlands et aI. (1981) calculated the following multiple regres-

sion equation to deterrnine the Cu concentration in the dry matter

of green forage necessary to maintain a constant hepatic Cu

concentration with forages containing various levels of Mo and S:

cu = 3.58 + (0.629 0.0491 S x Mo) Equation 2

where Cu and Mo are dietary concentrations as mg Xg-l D.M. and S

i-s percent of dietary dry matter. Dietary Cu concentrations

below the calculated value would result in depletion of hepatic

Cu reserves thereby inducing Cu deficiency. A criticism of the
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study by Langland et aL. (1981) is that pasture forage samples

taken to estimate dietary Cu, Mo and S concentrations may not

reflect actual dietary intake because the workers did not take

into account selective grazing practices of sheep (Langlands,

L967 ) .

Analysis of Animal Tissues and Blood. Indicators of the Cu

status of ruminants, on the basis of tissue or blood samples,

fall into two general categories. The first is the actual analy-

sis of the tissue and blood samples for the actual element and

the second involves determination of concentrations or activities

of Cu containing enzymes. There is no definitive method because

of the incomplete understanding of the biochemical basis of Mo-

induced hypocuprosis relevant to clinical symptoms and therefore

to early or accurate diagnosis.

According to guidelines provided by Agriculture Canada

(Puls, 1981) for practising veterinarians, cattle are Cu defi-

cient if serum and liver Cu levels range from 0.06-0.70 mg ¡-1

and 1.0-10.0 mg t<g-l wet tissue, respectively, and are marginally

Cu deficient with the levels of 0.55-0.80 mg ¡-1 and 5.0-25.0 mg

kg-l wet tissue, respectively. Calves under 3 rnonths of age are

identified as deficient with wet liver Cu concentrations ranging

from 2.O-25.0 mg tg-1. Sheep are considered deficient with serum

and liver concentrations ranging from 0.10-0.60 mg L-l and 0.5-

4.O mg kg-l, wet basis, respectively. Neither the basis for

estabLishing the above threshold vaLues nor referenees were pro-

vided by Puls (1981). Smith and Coup (1973) suggested that the

threshold value used to differentiate deficient fron normal
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cattle should be 0.5 mg ¡-1 and 5 mg tg-1 for plasma and liver

dry matter, respectively. Numerous other attempts (Mi1ls et àI.,
Lg76) to use tissue and/or blood Cu concentrations as a diagnos-

tic aid for the detection of Cu deficient animals have been used

with limited success.

Copper in plasma is normally found in three fractions; the

major amount is in ceruloplasmin, with minor amounts in albumin

and in complexes with amino acids (Harris, 1983). Absorption of

thiomolybdates resulting from ingested Mo and S by ruminants

leads to the appearance of a fourth Cu fraction in plasma, char-

acterised by its insolubility in 5% trichloroacetic acid (TCA)

(Smith and Wright, L975). The appearance of TCA-insoluble Cu may

result in either no change (Mason et àL., L978b) or an j-ncrease

in total plasma Cu levels (Bremner and Young, 1978). Therefore

plasma Cu content is not necessarily a good index of metabolical-

ly available Cu.

Disadvantages of using liver Cu concentrations include dif-

ficulties in acquiring representative samples and variations with

species , àEê and reproductive state of the animal (Underwood,

7977). As welI, little is known about the physiological roles of

hepatic Cu storage proteins (Aspin and Sass-Kortsak, 1981) and

their changing proportions with changes in hepatic Cu concentra-

tions.
The copper content of hair has also been suggested as a.

marker of copper status (Kellaway et àL., 1978) but to obtain

reliable results potential environmental contamination must be

accounted for or eliminated.
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Serum or plasma ceruloplasmin (Cp) activity is the most

frequently used of the Cu-containing enzymes as an index of Cu

deficiency. Cp synthesis takes place in the liver (Owen and

Hazelrig, 1966 ) , where Cu is incorporated into the apoprotein to

produce holoceruloplasim just prior to its secretion. The

physiological roles of Cp have been the subject of much discus-

sion. Frieden and Hsieh (L976 ) proposed that the major roles of

this enzyme are mobilization of plasma iron, transport of Cu and

regulation of biogenic amines. All species appear to have low Cp

levels at birth, after which the levels rise until adult values

are reached (Pojerova and Tovarek, 1960). Both serum and plasma

have been used for Cp analysis, and values obtained for one are

often directly compared to the other. A recent study by Paynter

(1982) showed that Cp activities in serum were L3-4O% lower than

in plasma, for nine different groups of sheep and cattle, and 10-

65% Iower for individual animals. It was therefore concluded

that the values are not directly interchangeable and that plasma

rather than serum should be used for estimating the Cu nutrition-
al status of sheep and cattle.

There are a number of other metalloenzymes in which Cu

provides either structural integrity to the protein molecule or

is involved in its enzymatic activity (Aspin and Sass-Kortsak,

1981 ). Many have been studied as potential markers of animal Cu

status, including cytochrome c oxi-dase, superoxide dismutase and

amine oxidases (Poole, L97O; Mills et à1., L976; Paynter and

Al len, 1982 ) .
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Prediction/Diagnosj.s of Molybdenosis

Difficulties associated with the ability to distinguish

between the detrinental effects of dietary Mo associated with a"

conditioned hypocuprosis and with molybdenosis per sê, as discus-

sed in this review, bave resulted in few attempts being made to

define diet and/or animal tissue and blood indices of molyb-

denosis. "Teart" pastures containing 20-100 mg kg-l lúo on a dry

matter basis caî cause profuse scouring in Cu adequate cattle
(Underwood, L977). Compared with pastures, higher Mo concentra-

tions are required in dry forages or mixed feeds to produce

similar symptoms (Vanderveen and Keener, L964; Huber et â1.,

1-97L). Liver and blood concentration of Mo have been shown to

i-ncrease with increased dietary Mo intake (Bremner and Young,

L978; Pitt et àL, 1980; Van Ryssen and Stielau, 1981), however

this has not been utilLzed to diagnose molybdenosis.
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MATERIALS AND METHODS

Beef Cow-CaIf Trial

The objective of this trial was to determine if such dietary
Mo levels as are found in high Mo pasture forages of the north-

western agricultural region of Manitoba (Boila et ùL., Lg84a) and

other parts of the world (Kovalsky, L97O; Hogan et âI., L97L;

AIlaway, L977) ean affect the productivity of cow-ca1f herds.

Milk yÍeld and composition and animal body weight changes were

monitored for a nine week period during which cows were fed diets
formulated to contain 0, 20 or 40 mg kg-l added Mo. The progres-

sive changes in total plasma Cu and plasma Cu distribution of

cows were used as indicators of Cu status.

A second objective was to evaluate calf growth, liver Cu

levels and plasma Cu content responses to any changes in their
damsr milk yield or composition resulting from the above dietary

treatments.

Experimental Animals. Twelve cow-calf pairs from the University
beef herd were used for this study. The University herd, identi-
fied as Selkirk-Red, is the result of a breeding program that
started with Angus x Charolais dams bred to I'lorth Devon sires.
The sire breeds of the calves were either Selkirk-Red or Simmen-

tal.
At the time of this study the cows ranged from two to ten

years of age. CaIf ages at the start of the trial ranged from 16

to 43 days. Atl animals were on pasture and receiving supplemen-
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tal hay prior to being placed on test (May 18). Efforts were

made to use cows showing no evidence of mastitis and with healthy

calves. One calf (#5g), on the control treatment, $'as diagnosed

to have lymphosarcoma at the end of the trial (week 9). Data for
this calf and its dam were used.

Experimental Diets. The three experimental diets, identified as

OMo, 2Olvlo and 40lvf o, were f ormulated to contain 0, 20 and 40 mg

Xg-l D.M. of added Mo, respectively. Supplemental lvlo, as ammo-

nium molybdate ((NH¿)6MorOrn. H,O, Fisher Scientific Company) was

incorporated into a pelleted, barley-based concentrate (Table L)

which provided 23% of the total D.M. intake, the remainder being

supplied by corn silage.
The experimental diets were fed at the rate of 11.6 kg D.M.

cow-l 6-1. the concentrate was fed once a day and corn sitage

was provided after the concentrate had been consumed. Feed weigh

backs were measured once a week.

Urea had been added to fresh corn forage at the time of

ensiling at the rate of 5.0 kg X-1. Dry matter content of the

corn silage used in this trial was 27.O%.

The diets were formulated to meet the energy, protein,

calcium and phosphorus requirements of lactating beef cows with

superior milking ability (NRC , L976). Samples of concentrate and

corn silage were taken weekly for nutrient analysis (Table 2).
The mean values for chemical eomposition of diets are shown in
Table 3, in which data for the separate analyses of concentrate

and corn silage have been combined to give dietary composition.

Copper and S concentrations were uniform across dietary treat-
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Table 1 Composition
tating beef

of barley based concentrate fed to lac-
cows

Ingredient %, air dry basis

Ground barley

Molasses

Mono-dibasic calcium phosphate

Colbalt-iodized salt
Mo premixT

91 .9

2.O

7.6

0.5

4.O

T Prenix contained O, 30.16 and 60.28 g ammonium molybdate
up to 10 kg with wheat middlings for the 0Mo, 20Mo and
concentrate mixes, respectively.

Ammonium molybdate ( (NH¿) øMIZOZ+. H'O) contains 54.34% Mo.

made
4OMo
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analyses of the concentrates
lactating beef cows

Concentrates

AnaIysis, D.M OMo 20Mo 40Mo
Corn

Si lage

Crude Protein, %

Acid detergent fibre, %

Calcium, g kg-l

Phosphorus, g kg-1

Magnesium, g kg-1

Sulfur, g kg-l
-lIron, ß9 kg r

Zinc, Rg t g-1

Copper, Dg t g-1

Molybdenum, mg kg-l

14.8

6.7

3.7

8.3

1.5

1.8

319. B

35.2

5.5

1.3

L4.5

5.7

3.6

8.2

1.5

2.L

308.9

35.9

6.1

82.L

13. B

7.4

3.7

8.5

1.5

1.6

325.L

37 ,7

6.2

L49.\

L4.3

37 .t

5.7

2.5

4.2

L.2

41L.9

3L.2

5.9

o.4
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Table 3: Proximat
fed to I

nd mineral anal
ating beef cows

ea
act lses 

of experimental diets

Diets

Analysis, D.M 0Mo 20Mo 40Mo

Crude protein, %

Acid detergent fibre, %

Calcium, I kg-l

Phosphorus, g kg-1

Magnesium, g kg-1

Sulfur, g kg-1

-1Iron, tuB l(g r

Zinc, DB t g-1

Copper, mg kg-1

Molybdenum, mg t g-1

L4.4

30. 1

5.2

3.8

3.6

1.3

390.7

32.2

5.8

0.6

14.4

29.9

5.2

3.8

3.6

L.4

388. 1

32.3

6.0

19.3

t4.2

30. 3

<Ð

3.9

3.6

1.3

391 .9

32.7

6.0

34.8

T Co*o silage and concentrate made up 77 and 23% of total dry
matter intake, respectively.
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ments. Molybdenum content for the 40 Mo diet was low compared to

the concentration formulated. There was littIe variation in ltlo

analysis among the weekly samples. Cows were given an intramus-

cular injection of vitamins A, D and E (1 ml of Vit A.D. JexT¡

prior to the start of the trial. Fresh water and cobalt-iodized

salt were available to cows and calves at all times.

Management Procedures. Cow dgê, calving date and calf sire breed

were taken into account when allocating the L2 cow-calf pairs to

one of the three dietary treatments (Appendix Table I-1). Each

treatment group had one first calf heifer and three mature cows.

Mean ages of calves at the start of the experiment were 30, 31

and 33 + 3 days. Calf sex was not balanced across treatment

groups; two male and two female calves were allocated to OMo and

three male and one female calves each for the 2Oltlo and the 40Mo

treatments.

Prior to being placed on test, cows and calves were put into
pens that had feed bunks allowing no or minimum feed access for

calves. The distance from the ground to the ledge of the feed

bunk, over which animals were required to reach to gain access to

feed, was 65 cm. Therefore, calves had to rely on their damst

milk as the supplier of nutrients for the duration of the study.

However, calves were observed consuming straw bedding and some of

the corn silage dropped from the feed bunks by the cows.

Each pêD, representing one treatment group, held four cow-

calf, pairs. The f,eed bunk in each pen was 4.9 m long, which

Tvit. -4.D. Jex,
vitamin A, 75,O00 I.U.

produced
vitamin D

by Kvet,
and 50 I

contains 500,000
U. vitamin E per

I.U
ml .3
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allowed cows ample space during feeding. The north side of the

pens was sheltered by a pole barn. Barley straw bedding was

provided as required.

Animals were fed corn silage and barley concentrate during a

five-day pretrial adjustment period after which cows were fed

their respective diets for 63 days.

Collection and Sampling Procedures and Schedules. Cow and calf

blood samples, calf body weights, cow milk yields and composition

were determined weekly, the first observations were taken after

animals had been on test for seven days. On sampling days, cows

and calves were separated at 8:00 A.M. and the calves placed in

another barn, out of sight of the cows until milking was com-

pleted. To avoid variation due to time of day, blood samples

were taken and body weights measured for calves at 1:00 P.M.

At 2:OO P.M., six hours after calves and cows were sepa-

rated, blood sampling and milking of the cows was started.

Calves and cows were returned to their respective pens after
milking and blood sampling were completed. Cows were restrained

in a" squeeze chute with a head gate. A blood sample was taken,

and then 1 ml oxytocin (OxcinT) was administered into the jugular

vein. Then, the udder and teats ìvere washed with water and dried

using paper towels. Cows were hand milked lnto plastic pails

that had been washed with distilled water and rinsed three times

with deionized distilled water. The milk was weighed and two

rr'êrìlrêsênf.qf i we sqmn] ês urêrrê tqkpn ônê fnr mì I l¡ fat nnotoi n end

Toxcin, produced by Agri-vet Pharmaceuticals Limited, con-
USP oxytocin per mI.tains 20 I. U
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lactose analyses and the other for mineral analyses. Samples

were placed in a styrofoam cooler containing ice until they were

either submitted to the Provincial'Dairy Laboratory for milk fat,
protein and lactose analysis or frozen for subsequent Mo and Cu

analyses.

The procedure for determining milk production was based on a

method described by Lamond et al. (1969). The exact time that

milking commenced *r: recorded for each cow and the order in

which cows r.vere milked was randomly altered from one milking to

the next. Hand milking the twelve cows took approximately two

hours.

Blood samples from cows and calves were taken from the

jugular vein and collected into two 10 ml sodium heparinized

vacutainer tubes using 20 G thin wall vacutainer needles.

Samples were placed on ice until returned to the lab. Samples

were centrifuged at 2500 x g for 20 minutes. The separated

plasma was frozen imrnediately and stored (-20o C) until analysis

for total plasma Cu, plasma TCA-insoluble Cu and ceruloplasmin

(Cp) oxidase activity.
Liver samples were taken from calves on days 3, 28 and 57 of

the trial. The liver biopsy technique described by Chapman et

aL" (1963) was used with two modifications. First, animals were

given a loca1 anesthetic, Lidocaine HCI 2%Ï, at the site of

incision. Second, a 25 cc plastic syringe was used to create a

negative pressure in the cannula of the biopsy instrument while

removing the liver sample. Chapman et aL, (1963) criticized the

Tlidocaine HCI 2% is produced by Armitage Carroll.
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use of negative pressure in the biopsy procedure because it may

cause blood and other body fluids to be drawn into the cannula

with the Iiver sample. Contamination of liver samples associated

with excess body fluids in this study was not measured. However,

it was found that placing the biopsy sample onto a paper towel

before transfer into glass vials using forceps, removed the

majority of the fluids from the sample. Liver biopsy samples

were frozen and stored at -20o C. Liver samples were dried (9So

C), under vacuum, to a constant weight immediately prior to

analysis.

Cow body weight was measured on two consecutive days at the

beginning (days 1 and 2) and end (days 63 and 64) of the trial.

Statistical Analysis. The experiment was conducted in a split-
plot design with four cow-calf pairs assigned to each of three

diets. The data were analysed using Statistical Analysis System

(SAS); the Analysis of Variance (ANOVA) for balanced data and the

General Linear Models (GLM) procedures for unbalanced data (Ray,

L982) were used. Animals within diet was used to test the effect

of experimental diets; animals by week within diet (error B) was

used to test the effect of week and the diet by week interaction
(GiII and Hafs, L97L). There were nine observation sets repre-

senting nine weeks for all criteria, with the exception of calf
liver Cu levels for which there were three observation sets and

for plasma TCA-soIubIe and TCA-insoluble Cu concentrations which

were determined for s¡eeks 1 , 3 , 5, 7 and 9.

Mean comparisons were carried out with the Student-Newman-

Keuls (SNK) procedure (Snedecor and Cochtan, 1980). Linear and
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quadratic equations were used to describe the diet by week inter-

actions that were significant (P <'0.05) (Appendix table I-6, I-

7.) For figures (2, 3, 4, 5, 7, 8 and 10) in which the equations

are illustrated, the dependent variable '?' refers to the parame-

ter defined on the y axis and fX'refers to week. The standard

error of the slope, designated as SE(B) and the portion of the

variation in the data set explained by the model describing the

regressi-on equations, designated as R! , are included in the

description of the diet by week interaction.

A one qray analysis of variance was done to determine the

effect of dietary Mo on cow weight change using SAS ANOVA proce-

dures (Ray , 1982).
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Ewe-Lamb TriaI

The objective of this study was to compare the responses of

ewe-lanb sets with those found for the cow-calf pairs fed similar

diets. Plasma and liver Mo concentrations of ewes and lambs as a

response to dietary Mo were also monitored. Ewes with twin lambs

were used in this study to encourage high milk yields by the ewes

(Doney et âI., 1981). Use of twin lambs also allowed some com-

parisons to be made between lambs receiving the same milk from

birth to the end of the trial.

Experimental Animals. Twelve mature Suffolk ewes with twin lambs

from the University minimum disease flock were used in this study

(Appendix tabte II-1). All lambs were sired by Suffolk rams.

Prior to lambing ewes had been fed ad fibllqq good quality

Iegume-grass hay.

Lambs were weighed within 24 hours after lambing. I{ithin 48

hours after lambing, the ewes were shorn and given an intramuscu-

lar injection (.5 nl) of vitamins A, D and E (Vj-t. A.D. Jex).

The ewes were then weighed and the ewe-lamb sets transferred to

individual pens for the duration of the trial. Average weight of

the shorn ewes was 79.4 + 3.0 kg.

Day 1 of the trial for each ewe-lamb set was considered to

be the first Wednesday after being placed in the pens. Lamb age

on day 1 of the trial ranged from 1 to 7 days. Lambings occurred

from March L2 to April 2, t984. All lambs received a subcuta-

neous injection (5 mt) of Covexine BT and an intramuscular

Tcovexine I is a"n anticlostridial vaccine produced by
Wellcome Veterinary Division.
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injection (.5 ml) DystoselT on April 8 and 11, respectively.

Experimental Diets. Diets used in this trial were similar to

those in the beef cow-calf study. Three experimental diets,

identified as OMo, 20Mo and 40Mo, were formulated to contain 0,

20 and 40 mg xg-1 D.M. added Mo as (NH4)6MorOrn.4HrO, respec-

tively (Table 4). Nitrogen sources used in the pelleted barley-

based concentrate included soybean meal and urea. No urea was

added to the corn silage used in this study.

E¡ves were fed their experimental diets as soon as they were

placed in the pens. They were offered 200 g and 400 e of the

pelleted concentrate on the first and second days in the pens,

respectively. Corn silage was offered on an ad libitum basis.

Thereafter, the amount of concentrate fed to ewes was dependent

on the previous day's corn silage intake. Approximately 30

percent of total dry matter intake was provided by the

concentrate, which was fed to ewes once a day. The remainder was

provided by corn silage (33.2% D.M.) which was fed twice a day;

once in the rnorning aftet ewes had consumed the concentrate and

agaln in the late afternoon. Animals were not restricted in the

amount of corn silage they were allowed to consume. Feed

weighbacks were measured daily.
The diets were formulated to meet energy, protein, calcium

and phosphorus requirements of ewes in the first eight weeks of

lactation with sucking twin lambs (NRC , L975). For the purposes

TDystosel, produced by Rogar / STD - Division of BTI Pro-
ducts Inc., contains the following ingredients per mI: selenium
as sodj-um selenite - 3.0 g, d-alpha tocopherol acetate 136
I.U., Benzyl alcohot (preservative) - t.5%.
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Composition of barley based concentrate fed to lac-
tating ewes.

I ngredient oÁ, air dry basis

Ground barley

Soybean meal , 447o C.P.

Urea

Molasses

Dicalcium phosphate

Cobalt-iodized salt
Mo premix

as fed

79 .5

12.o

1.0

2.O

2.O

1.0

2.5

T Premix contained O,
to 10 kg with wheat
centrate mixes, res

24.13 and 48.26 g (NH¿)^MorOoo.4lIrO made up
middlings for the OMoi "2OMo"á,nd 40Mo con-

pect ive I y.
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of diet formulation, daily dry matter intakes were forecast to be

3.O% of body weight, because the effects of high moisture forages

(corn silage) on dry matter intake of ewes was not known. The

suggested (NRC, L975) daily dry matter intake is 3.7-4.3% of body

weight for ewes in the weight range used in this study.

Analysis of the concentrate diets (Table 5 ) showed that

phosphorus levels were high, resulting in calcium to phosphorus

ratios approaching 1:1 in the ewe diets. The high level of

phosphorus in the concentrate was eventually traced to improper

labelling of the calcium-phosphorus mineral supplement used by

the feed mill. The supplement, Iabelled to be dicalcium phos-

phate, when analysed, contained L37 and 2O2 g kg-1 calcium and

phosphorus, respectively. Dicalcium phosphate should contain

approximately 230 and 180-190 g kg-l calcium and phosphorus,

respectively. Proximate and mineral analyses of corn silage are

shown in Table 5.

Ifater and cobalt-iodized salt ìvere available for eìves and

Iambs at all times.

Management Procedures. Lambing date was used to allocate ewe-

lamb sets to the experimental diets; the first mature ewe lambing

with twins was assigned to 40Mo, the second to 2OMo, the third to

OMo, and so on until four ewe-Iamb sets had been assigned to each

of the three dietary treatments. Sex distribution of the twin

lambs was not taken into account (Appendix table II-1).

Each ewe-lamb set was placed in a. 1.5 by 1.2 m pen. Feed

boxes holding plastic pails were attached to the outside of each

pen to which access was by a 25.5 x 20.5 cm hole cut into the
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analyses of the concentrates
lactating etves

Concentrates

Analysis, D.M OMo 20Mo 40Mo
Corn

Si lage

Crude protein, %

Acid detergent flbre, %

Calcium, g kg-1

Phosphorus, g kg-l

Magnesium, g kg-1

Sulfur, g kg-l
-'tIron, mg Kg r

Zinc, mg kg-l

Copper, 0B kg-l

Molybdenum, mg kg-1

2r.6

7.2

7.3

9.5

2.t

2.7

377 .2

44.4

8.4

2.5

20.6

6.1

6.9

9.0

2.L

1.9

329.5

40. 1

6.9

62.8

20.8

6.7

6.4

9.3

2,4

1.9

292.9

37 .5

6.7

139. 5

10.3

27 .O

4.L

2.8

2.5

L.2

263.8

28.3

J.O

0.3
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plywood wall of the pen.

The distance from the ground to the edge over whj-ch animals

were required to reach to gain access to the food was 53 cm to

prevent lambs from consuming any of the concentrate diet and to

minimize corn silage consumption by lambs. Lambs were observed

consuming corn silage pulled into the pens by the ewes. Also,

lambs were occasionally observed standing on ewes to gain access

to corn silage in the feeders. Lambs were not given any supple-

mental feed during the six to seven week test period. Wood

shavings were used for bedding.

The concentrate diets were made in one batch, and represent-

ative samples were taken for nutrient analysis. Corn silage

samples were taken on a weekly basis.

Postmortem examinations were performed on all animals that

died in this study.

Collection and Sampling Procedures. Blood samples and body

weight measures were taken from ewes and lambs on the first day

the animals were placed in the pens and every Wednesday there-

after for a period of six weeks ( i. e. , 7 observations per erve-

lamb set). With the exception of day 1, the same schedule was

followed to estimate daily milk production of ewes and collect
samples for milk composition.

The milk yield from each ewe was measured by the oxytocin

(.25 mt Oxcin)/hand milking method (McCance, 1959; Doney et à1.,

L979). Lambs were removed from the pens at 9:00 A.M. and moved

to another part of the barn, where they remained until milking

was completed, approximately five hours later. Udder and teats
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were washed with water and dried using paper towels prior to

milking. Plastic pails washed and rinsed three times with deion-

Lzed,, distilled water were used for milk cotlection. Milk was

weighed and representative samples were taken and processed as

described for the beef cow-caIf study.

Blood samples were taken from the lambs at 1:00 P.M. after

which lambs were weighed. Blood samples were taken from the

jugular vein and collected into two 10 ml sodium heparinized

vacutainer tubes using 20 G thin wall vacutainer needles. The

same sampling procedure was followed for the ewes except that

blood samples were taken just before the oxytocin was

administered. Samples were kept on ice until returned to the lab

where they were centrifuged at 2,5OO x g for 20 minutes. The

resulting plasma samples were immediately frozen and stored at

2Oo C until analysis for total plasma Cu and Mo, plasma TCA-

soluble Cu and Cp oxidase activity.
Liver biopsy samples were taken from all lambs and ewes as

they were removed from the test. Liver samples were taken from

the dorsal lobe during postmortem of animals that died while on

test. The modified procedure of Chapman et aI. (1963), as des-

cribed in the previous study, r/as used on all ewes and all but

the following lambs: 67,68, 6L, 74 and 78. Several unsuccessful

attempts had been made to obtain a biopsy sample from these

animals. Therefore, lambs were given a general anesthetic and a"

laparotomy was performed and the liver sample obtained from the

dorsal lobe.

Rumen fluid samples were obtained from ewes, with a stomach
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tube, three hours after the morning feeding on April 27th. The

nrr*bur of days that ewes had been on their respective diets at

the time of sampling ranged from 24 to 44. Volatile fatty acids

(VFA), pH and Mo content of the strained rumen fluid samples were

analysed.

Statistical Analysis. The experiment was designed as a" split
plot with four ewe-lamb sets allocated to each of the three

diets. Some animals were removed from test (Appendix table II'2)

and therefore GLM procedures (Ray, L982) were used for analysis

of unbalanced data as outlined in the cow-calf study. Ewes

within diet was used to test the effect of treatment. Lambs

within ewes within diet was used to test the effect of ewe on

lambs. Linear equations (GLM) were used to describe the diet by

week interactions that were significant (P < 0.10 ). For figures
(L4 and 16) in which the equations are illustrated, the dependent

variable 'î' refers to the parameter defined on the y axis and

'X' refers to week. The standard error of the slope, designated

as SE(B) and the portion of the variation in the data set

explained by the model describing the regression equations, desi-

gnated a" ßtr". included in the description of the diet by week

interaction.

Rumen fluid parameters and liver Cu and Mo concentrations

variance using GLM proce-nrere analysed as a one-way analysis of

dures.

Student-Newman-Keuls procedure

sons.

was used for mean compari-
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Dairy Cow Trial
The objectives of the dairy cow trial were two-fold. First,

some of the differences in response to experimental diet between

the two previous studies may have been related to lactation
stresses. Dairy cows, subjected to similar dietary Mo concentra-

tions, provide comparative data for cattle at higher production

and, consequently, higher feed intake levels. Second, the ef-
fects of Cu supplementation of ani-mals fed either low or high Mo

diets were monitored. To do this, dairy cows were fed diets

formulated to contain 0 or 2O mg Xg-1 D.M. added Mo for eight

weeks. After being fed their respectlve diets for four weeks,

half of the cows in each of the non and the Mo supplemented

groups were fed supplemental Cu (40 mg kg-l D.M. ). Parameters

measured included those indicative of animal body Cu and Mo

status, body weight change, feed intake and milk production and

composition.

Experimental Animals. Sixteen Holstein-Friesian cows in mid1-ac-

tation (day LL3-2L7 of lactation) and of varying ages (2 to I
years) were used in this study (Appendix table III-1). Reproduc-

tive status of animals ranged from non-pregnant (seven animals)

to cows that were in the fourth month of pregnancy. The calving

interval for the herd was approximately L4 months. Therefore,

reproductive status of cows selected for the study was normal

relative to other animals in the herd.

The cows E'ere housed in a stanchion barn and were fed

individually. Chopped straw was used for bedding.

Prior to being placed on thÍs study cows had been fed a diet
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formulated to contain 10 mg Lg-1 added Cu, as copper sulfate, oû

a dry matter basis. That diet waç made up of alfalfa-grass hay,

corn silage, fababean silage and a barley-based concentrate.

Animal #L4 was removed from test in the fifth week due to a

displaced abomasum. Data for the four weeks that this animal was

on test were used in the statistical analyses.

Experimental Diets. The four dietary treatments were: a basal

diet containing no added Cu or Mo; basal plus 40 mg kg-l added

Cü, D.M. basis; basal ptus 20 mg kg-l added Mo, D.M. basis and

the basal diet plus 40 mg kg-l added Cu and 20 mg xg-l added Mo,

D.M. basis. Experimental diets are referred to as basal, +Cu,

+Mo and +Mo+Cu, respectively. The Mo and Cü, provided by

(NHa)AMIZOZ+.4ÍIrO and cupric sulfate (CuSOn.5HrO, Fisher Scienti-
fic), respectively, were added to a supplement which was fed to
cows once à day (Table 6a, 6b). The supplement supplied approxi-

mately 4.2% of the total dry matter intake (Table 7). In addi-

tion to the supplement, cows were fed concentrate, corn silage

and long hay, representing 46.4, 36.2 and ß.2o4 of total D.M.

intake respectively. The concentrate and corn silage r,vere mixed

in a 56:44 ration on a D.M. basis and fed twice a day. Long hay

was fed once a day in the morning. Amount of feed offered to

cows and feed weighbacks were recorded daily. the amount of

supplement offered to cows was based on the previous day's feed

intake.

Diets were formulated to meet the nutrient requirements of

lactating covrs (NRC, 1978 ). To determine whether dietary
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Composition of barley concentrate and supplements
fed to midlactation dairy cows

fngredient %, air dry basis

Ground barley
Canola meal
Soybean meal , 44% as fed
Dehydrated aLfalfa meal
TaI low
[Íolasses
Limestone
Dicalcium phosphate
Urea
Cobal t-iodized
Vit. min premix

ça 1t
T

46.9
30. o
6.0
7.O
4,O
2.O
1.0
1.0
0.5
0.5
1.1

I See Tabre 6b.

Table 6b: Premixes used for concentrate and supplements fed to
dairy cows

Ingredients,
g kg-l premixT

Concentrate
Premixes

Supplement Premixes

Basa I +Cu +Mo +Mo+Cu

Vitamin A,
500,000 I . u.

Vitamin D,
500,000 r. u.

Vitamin E,
20,000 r.u. g

ZnO
MnOr.H20

MgO Z.HZO

(NH¿ ) øMoZOZA.4HrO

CuSOn.SHr0

o'-1Þ

-1cÎ ¡tt

-1

2.92

o.25

0. 15
9.23
9.46

2.92

o.25

0. 15
9.23
9.46

158.3

2.92

o.25

0. 15
9.23
I .46

158.3

2L9.9

2.92

o.25

0. 15
9.23
9.46

158.3

51 .5

2.92

o.25

0. 15
9.23
9.46

158.3 158.3

51 .5

279.9

T Remainder of premix was wheat middlings.
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ît 
experimental diets

Experimental Diets

BasaI +Cu +Mo +Mo+Cu

Ingredients, %

total D.M. intake

Corn silage
IIay
Concentrate
Basal supplement
+Cu supplement
+Mo supplement
+Mo+Cu supplement

Composition, D.M. basis

36.2
13.2
46.4
4.2

36.2
L3.2
46.4

L7 .4

36.2
L3.2
46.4

L7 .4
21.L
6.2
5.5
3.2
2.L

258.2
44.3
56.6
6.1

20.2

36.2
13.2
46.4

L7 .4

4.2
4.2

4.2

Crude protein
Acid detergeni
Calcium, g kg-

01
lo

fIt:re, %

-1
1

kg
tb

1
2
5
1
1
I
I
5
2
0

21.
6.
5.
3.
2.

1
3
5
1
1
4
6
4
0
I

2L.
6.
5.
3.
2.

253.

L7 .4
2T.T
6.2
5.5
3.1
2.r

256.5
43.7
57 .9
6.1
2.r

Phosphorus, g
Magnesium, g
Sulfur, g kg-

-1lron, mB KB r
Manganese, mg

- 
-tÁLnc, hB Kg r

Copper, mg kg

k
1

1

xg-1 44.
56.
44.

2.

252.
44.
56.
51 .
20.

-1
Molybdenum, mg kg -1

T gased on proximate and mineral
concentrate and supplements, as

corn silage , }eàV,
in Table 8.

analyses
referred

of
to
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treatments affected dry matter intake, Do

placed on the amount of feed offered to cows.

of most nutrients were in .*""=" of

recommended by NRC (1978).

Fresh water was available to animals at all times.

Management Procedures. Animals were allocated to one of four

treatment groups; Trt. I--basal diet during periods I and II;
Trt. Il--basal diet during period I and +Cu diet during period

II; Trt. III--+Mo diet during periods I and II; Trt. IV--+Mo diet
during period I and +Mo+Cu diet during period II (Appendix table

III-1). Each period was four weeks long and there was no time

for adjustment between periods.

Cows were allocated to treatment groups on the basis of age

and stage of lactation.
Two mixes of basal and +Mo supplements and one mix of +Cu

and +Mo+Cu supplements were made. The concentrate component was

mixed as required.

Representative samples of the supplements were taken, fol-
lowing mixing, àt the feed mill. Also, grab samples of the

supplements, concentrate and corn silage were taken every second

week. Grab samples for each period were composited. Core

samples from twelve bales of hay, from different sections of the

hay stack, lryere taken the first week cows were on test. proxi-

mate and mineral analyses were done on all feed samples.

Phosphorus levels in the supplements and coneentrate were higher

than expected (Table 8). As for the ewe-lamb trial, this was due

to improper labelling of the calcium-phosphorus supplement used

restrictions were

Therefore, intake

dai 1y requi-rements



Table 8

Analysis, D.M

Crude protein, %

Acid detergent fibre, %

Calcium, g kg-1

Phosphorus, g kg-l
Magnesium, g kg-1

Sulfur, g kg-l
-1rron, mg kg ¡

- -túLnc, mB kB ¡

Manganese, mg kg-l
Copper, üB Lg-l

Molybdlenum, mg kg-1

Proximate and mineral analyses of forage, concentrate and supplements fed tomidlactation dairy cows

Supplements

Hay
Corn

Si lage Concentrate Basal +Cu +Mo +ldo+Cu

TT.2

39.7

7.8

2,L

3.0

L.4

68.0

18.5

30.5

11 .9

3.9

9.4

28.0

2.2

2.4

2.7

1.3

273.2

26.5

L9 .4

3.4

0.6

24.7

11.5

8.7

8.8

3.4

3.7

29I.2

85.0

61 .8

6.2

2.3

25.8

LO.7

8.6

8.7

4.3

4.O

322.3

153.0

96.0

6.8

2.L

24.6L

72.2

9.9

8.7

4.r
4.6

247.3

118. 6

115.0

910.0

2.2

26.7

L2.3

9.4

8.9

4.6

4.4

361.2

L21.5

108.2

7.I

436.O

24.7

10.8

8.4

8.4

4.O

4.5

236.5

119. I

I21.8

1081 .4

431.1

{{
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by the feed mill. Consequently calcium to phosphorus ratios of

D.M. intake approached 1:1.

The dairy cow rations were formulated to contain 16 percent

crude protein. Actual diet protein levels were higher than the

formulated levels (Table 7 ) because erude protein content of the

concentrate and supplements were 2 to 3% higher than expected.

The concentrate and supplements were formulated to contain 22%

crude protein.

Collection and Sanpling Procedures. The coìvs were milked twice

daily and production was recorded. A Zâ'hour composite sample of

morning and evening milk was taken weekly for milk fat, protein

and lactose determinations. Milk samples, representing two milk-

ings in a 2l4'bour period, were taken in weeks 2 and 4 of each

period for subsequent Cu and Mo determinations.

Liver biopsy samples were taken, as described on p.61, from

cows two days prior to being placed on test and on the last day

of the study. It was not possible to obtain the second biopsy

sample from cow #L6 on the scheduled day. Therefore, she was

kept on the experimental diet for an additional week, àt the end

of which a liver sample was obtained using the standard

procedure.

Blood samples were taken from the tail vein, into two 10 ml

sodium heparinized vacutainer tubes using 20 G thin wall vacu-

tainer needles. The samples were held at 40 C until centrifuging

(2,500 x g for 20 minutes). The resulting separated plasma was

stored at '2Oo C for subsequent analysis.

Body weights were recorded for cows at weeks 0, 4 and 8.



79

Statistical AnaIysis. The trial was designed as a split-plot

with four cows allocated to each of the four treatment groups.

Eight observation sets, representing four weeks in each of

periods I and II represent time for feed intake, rilk yield and

composition. Plasma Cu and Mo parameters were compared for five
times representing day 1 (day animals were placed on test) and

weeks 2 and 4 for each period.

Effects of Cu and/or Mo supplementation were analysed as a

split-plot with four cows allocated to each of four treatment

groups: Trt. f, Trt. II, Trt. III and Trt. IV and time represent-

ing observations made in periods I and II. Mean comparisons,

using orthogonal contrasts, were used when significant differ-

ences for treatment by week interactions were identified. Treat-

ment and week mean comparisons were carried out with the SNK

procedure. Differences in liver Mo and Cu response to treatment

were determined with a one-way analysis of variance.

Alt analyses were done with GLM procedures for unbalanced

data (Ray, 1982).
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Analytical Procedures

The same methods and procedures for laboratory analysis were

used for aII three trials unless otherwise indicated in text.
Dry matter content of feeds was determined by drying to à

constant weight in a. forced air oven set at 600 C. Samples were

ground through a. 1 mm stainless steel screen after equilibrating

to air humidity at room temperature and then stored in plastic

bags for further analysis.

Crude protein content (nitrogen x 6.25) of feeds was deter-

mined by the macro-kjeldahl method (4.O.4.C., l-980). Gross

energy was determined with a Parr adiabatic oxygen bomb calorime-

ter. Acid-detergent fiber (ADF) was determined by the method of

Goering and Van Soest (1970).

Total S for feed samples collected from the beef cow-calf

and the ewe-lamb trials were digested and prepared for analysis

according to Boila et aL. (1984b). The resulting filtrate was

analyzed according to Hamm et al. (L973). Feed samples collected

from the dairy cow trial were analyzed for total S according to

the procedure of Boe et aL. (1966).

Feed samples were prepared for analysis of the remaining

mineralsi calcium, phosphorus, magnesium, iron, zinc, manganese,

copper and molybdenum by eharring a 2 g sample at 2000 C for 4

hours and then dry-ashing at 5000 C for 4 hours. The charring

process was requÍred to obtain a yellow to white ash. The upper

temperature (5000 C) and time (4 hours) used for ashing were not

considered to cause significant losses of minerals (ttrey

are within guidelines of A.O.A.C. , 1980). Phosphorus content was
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determined colorimetrically (4.O.4.C., 1980) using a Baush & Lomb

Spectronic 20; the remaining elements were determined by flame

atomic absorption spectrophotometry (Instrumentation Laboratory

AA/AE Spectrophometer Model 551 ).
Rumen fluid, total plasma and liver Cu and Mo were deter-

mined by flame atomic absorption spectrophotometry, after
digestion in a nitric (7O-7L%, Fisher Scientific)-perchloric (70-

72%, Fisher Scientific) aeid mixture. The ratio of nitric acid

to perchloric acid used for this wet ashing procedure was 4:L

(v/v) (Thompson and Blanchflower, L97L).

Determination of the TCA-soIubIe Cu fraction of plasma was

based on the procedure described by Mason et al. (1978). An

equal volume of IO?Á (w/v) trichloroacetic acid (CCIBCOOH, Fisher

Scientific) was added to samples of plasma. After mixing with a

vortex mj-xer, the preparation was centrifuged at 2500 x g for 25

min and the supernatant transferred into a weighed tube. The

precipitate was resuspended into 5% (w/v) TCA, using 75% of

original plasma volume, and the mixing and separation procedure

repeated. The resulting supernatant was added to the first
fraction removed. Weight of the recovered supernatant was con-

verted to recovered volume, using a. factor for the density of 5%

TCA. Flame atomic absorption spectrometry was used to determine

the resulting TCA-soluble Cu. Plasma TCA-insoluble Cu was taken

as the difference between total plasma Cu and TCA-soluble Cu.

Several procedures were attempted for wet ashing of milk

samples for Cu and Mo analyses. Contrary to observations made by

Clegg et al. (1981), wet ashing procedures, using either 25 ml
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glass vials or micro-Kjeldahl flasks for increased refluxing and

with nitric-perchloric acid mixtures with either 4:L or 5:1

ratios (v/v) did not totally digest the milk fat. Therefore the

following procedure Ìvas employed. Twenty mI of milk was trans-

ferred into 25 ml glass vials, freeze-dried and then dry ashed at

5000 C for 4 hr. Three ml HCI (37.0-38.0%, Fisher Scientific)
and four drops of nitric acid s¡ere added to the ash and the

residue was dried on a hot plate using low heat. Prior to analy-

sis by flame atomic absorption spectrophotometry, 10 ml of 5%

(w/v) HCI solution was added to the ash and the preparation was

vortexed. This procedure resulted in a solution containing twice

the Cu and Mo concentrations found in milk. Accuracy was veri-

fied using bovine Iiver (t577a) standard reference material

(National Bureau of Standards (NBS), I{ashington, D.C. ).
Standards used for mineral analyses were prepared with cer-

tified atomic absorption reference standards (Fisher Scientific)

diluted with the same solutions used to prepare the samples. For

example, standards for TCA-soluble Cu analysis were prepared with

5% (w/v) TCA. Lanthanum was added to standards and samples at L%

for calcium analysis to control interferences from silicon,

aluminum, phosphate and sulfate. Similarly, 1000 mB ml-1 NarSOn

was added to standards and samples for Mo analysis.

The lower detection limit for Cu and Mo analysis was calcu-

lated to be 3 times the standard deviation of the measurement

rnade for blank values (Ifo1f , L982). Runs were repeated when

blank values suggested contamination or when instrumentation

sensitivity was erratic. Samples that had concentrations below



this detection limit were identified

analyses these

as non-detectable.

values were assumed to
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For

bepurposes

zeto.

of statistical

All glassware used for trace element analyses was soaked in

LO% nitric acid for at least 24 h and then rinsed several times

with distilled water, followed by five rinses with deionized,

distilled water. Binsed glassware was dried in a. forced air oven

and stored in sealed plastic bags until used. the same procedure

was used to clean plastic containers used to store milk samples.

Plasma Cp oxidase activity was assayed according to the

procedure outlined by Smith and l{right (L974), using purified p-

phenylenediamine dihydrochloride (PPD) as a substrate. Purifica-

tion of PPD (COH¿(NHZ)Z.2tl0t, Fisher Scientific) was done by

adding 50 g of the substrate and 3.0 g decolorizing charcoal to

150 ml distilled HZO. The mixture was brought to a boil and

irunediately filtered. The filtrate was stored under dark condi-

tions at 40 C for 24 h, allowing PPD crystals to form. Crystals

were then removed, dried (25o C) and stored under minimum light

conditions until used. Plasma samples from four healthy animals

s¡ere combined and used to test the pH, amount of substrate and

temperature conditions of the assay when applied to ovine and

bovine plasma. PIasma enzyme activity was determined from the

rate of PPD oxidation, A A min-l, using a Beckman DU-8 Spectro-

photometer.

Milk fat, protein and lactose were determined on a. FOSS

MS300 Infra-red Analyzer (Milko-SCAN-2038 Type L792O) according

to procedures outlined by Marth (1978).
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Volatile fatty acids in the rumen fluid ï¡ere determined by

the method of Erwin et al. (1961)., One ml of 25i6 (w/v) metaphos-

phoric acid was added to 5 ml of rumen fluid. The mixture was

centrifuged at 1500 x g for 15 min. and the resulting supernatant

anaLyzed on a Tracor Model 500 gas chromatograph.
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RESULTS AND DISCUSSION

Beef Cow-Calf Trial

Plasma Cu Parameters in Cows. Plasma Cu levels were signifi-

cantly greater (P < 0.05) for cows assigned to OMo and 20Mo than

for those on 40Mo; the treatment means being O.94, 0.84 and O.52

+ 0.08 mg L-l, respectively (Figure 1, Appendix table I-2).
TCA-soluble Cu concentrations in plasma were influenced (P <

0.01) by diet. Although the actuaL TCA-insoluble Cu concentra-

tion was not (P > 0.05) influenced by diet, the percent of total
plasma Cu that was TCA-insoluble was greater (P < 0.01) for

animals fed the high Mo diet (Figure 1); the treatment means

being 18.9, 20.6 and 24.9 + O.9% for 0Mo, 20Mo and 401úo, respec-

tively.
TCA-insoluble Cu has been associated with an altered system-

ic Cu metabolism (Smith and Yfright, 1974; Bremner and Young,

L978). The higher percentage of this plasma Cu fraction for 40Mo

cows relative to OMo and 20Mo cows may be related to a" slower

turnover rate of TCA-insoluble Cu, as suggested by llleber et al .

(1983) and Hynes et al. (1984) or because of a.n increased rate of

formation of a Cu-Mo-S complex. For cows fed the 40 Mo diet in

the present study, the increase in percent of TCA-insoluble Cu

reflects a decline in TCA-soluble Cu with no concomitant change

in the insoluble fraction.
The appearance of TCA-insoluble Cu was identified as an

early and characteristic response of sheep to dietary Mo (Lamand,

f977); however, it is usually associated with an increase in
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total Cu concentration of the plasma (Smith and Wright, L975;

Bremner and Young, 1978; Suttle ?nd Field, 1983). The results

observed in the present study suggest that the cows had low liver

Cu stores and were dependent upon dietary Cu to try to maintain

normal plasma Cu levels. Reduced Cu absorption from the gastro-

intestinal tract because of complexing of Cu with thiomolybdates

(Suttle, L974a; Dick et àL., L975) may have been the cause of

reduced plasma Cu leveIs.

P1asma Cp oxidase activity followed the same pattern as

total plasma Cu and TCA-soluble Cu (Figure 1). Cows fed 40Mo had

significantly lower (P < 0.05) enzyme activity (30.89 A A min-1

L-l ) than did animals fed 20Mo (59.13 A A min-1 l-1 ) and OMo

(65.59ÁA min-f l-1). The standard error (SE) for these means is
9.3.

The significant treatment differences between cows fed 40Mo

and those fed OMo and 20Mo diets can be partially attributed to

differences in initial plasma Cu parameters between the three

groups of animals (Figures 2, 3 and 4). However there were also

significant interactions between diet and week observed for the

blood Cu parameters. Total plasma Cu levels declined more rapid-

Iy (P < 0.01) for cows fed 40Mo than for the other two diets
(Figure 2). Using the critical value for Cu deficiency j-n cattle
(0.50 mB Cu L-1 plasma) suggested by Smith and Coup (L973), all
four cows assigned to 40Mo diet were Cu deficient at the end of

the trial. One of the cows in the 20Mo and all four allocated to
40Mo v¿ere Cu deficient according to the criteria of Puls (1981).

(Appendix table I-15).
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Similarly, TCA-soluble Cu decreased more rapidly over time

(P < 0.01) for cows fed the 40Mo diet (Figure 3). There was not

a significant (P > 0.05) diet by week interaction for the percen-

tage of total plasma Cu that was TCA-soluble or insoluble (Appen-

dix table I-2).
Plasma Cp oxidase activity followed the same pattern as

total plasma and TCA-soluble Cu, showing a more rapid (P < 0.01)

decline for animals fed the high Mo diet (Figure 4).

Past studies with lactating cattle showed a much slower

decline in serum (Vanderveen and Keener, L964) or no decline in

whole blood (Huber et â1. , L97L ) Cu concentrations when supple-

mental Mo was fed. Differences in dietary S may be partially

responsible for differences observed in these two studies and in

the present study. Unfortunately, plasma Cu fraction distribu-
tion and basal dietary S source and content were not provided in

the two studies cited.

A study by Bremner and Young (1978), in which supplemental

dietary Mo and S levels were fed to growing lambs, suggested that

dietary S influences blood Cu parameters in ruminants. A diet

containing 25.5 mg Mo t<g-l and 0.8 g S kg-l had no effect on

plasma Cu, TCA-insoluble Cu or Cp oxidase activity, which is

comparable to that observed for the cows fed the 20Mo but not the

40Mo diet. However, adding 5 g SO42- kg-1 to the diet of the

lambs caused the Cu concentration in plasma and the TCA-insoluble

Cu fractions to increase with no observable changes in enzyme

activity. The ability of the lambs fed high Mo diets to maintain

plasma Cu levels may have been related to adequate liver Cu
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stores (84 to 180 mg kg-l fresh tissue) at the start of the

trial.
A second study with growing lambs (Ademosun and Munyabuntu,

L982) found that plasma Cu and Cp oxidase activity decreased and

liver Cu s¡as halved when lambs were fed ]-O.7 mg Mo and 1.6 g S

Xg-l D.M. for L2 weeks. Although liver Cu stores of the lambs

were adequate, plasma Cu levels declined as a result of dietary

Mo supplementation. Plasma TCA-insoluble Cu was not determined

by Ademosun and Munyabuntu (1982).

In comparing hypocuprernic ewes fed diets containing 4 to 24

mg Mo Le-l D.M., with similar animals fed a low Mo diet, Suttle
(1983) found that the Mo decreased total plasma Cu and Cp oxidase

activity in conjunction with the appearance of a TCA-insoluble Cu

fraction in plasma. The dietary S leve1s in diets used by Suttle
(3.5 mg kg-l D.M.) were higher than that used in the present beef

cow-calf trial; however, the data suggested that depleted or

unavailable body Cu stores can result in the response observed

for the latter.

In summary, results from the cow-calf study indicate that
for lactating cows fed diets containing 1.3 to L.4 g S kg-1,

feeding 34.8 Mo mg i.g-1 D.M. resulted in a more rapid decrease in

total plasma Cu and a higher proportion of the total plasma Cu

being TCA-insoluble compared to cows fed 0.6 (OMo) or 19.3 (20Mo)

ng Mo kg-1 D.M. A general decline over time (P < 0.01) was

observed across all treatment groups for total plasma Cu, plasma

TCA-soluble Cu and Cp oxidase activity; (P < 0.01, Appendix table

I-2) the rate of decline being greatest for cows fed 40 Mo.
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Milk Composition and Yield. Milk fat, protein and lactose con-

tent were not influenced (P > 0.05) by dietary Mo (Table 9).

Milk Cu levels tended to decreasó with increased dietary Mo,

however the response was not significant (P > 0.05). Milk Cu

concentrations for aIl cows during the nine week trial ranged

from O.O5 to O.27 mg L-1 which is in the range reported for
cattle by Underwood (L977 ) and Lönnerdal et aI. (1981). The

influence of dietary Mo on milk Cu levels observed in the present

study is similar to that of Vanderveen and Keener (1964) but

differs from Huber et aL. (L97L ) who found a ten-fold increase in

milk Cu when 53 mg Mo t g-1 D.M. was fed. Iluber et aI. (L977)

provided no explanation for the increased nilk Cu levels and a

similar response has not been reported in other studies with

lactatJ-ng animals fed high levels of Mo.

Milk Mo levels were significantly (P < 0.01) higher for each

increment in dietary ilIo (Figure 5, Appendix table I-Lz). Indivi-

dual cows fed 20Mo and 40Mo diets had milk Mo levels ranging from

O.22 to 0.8O mg L-1 and from 0.38 to 2.47 mg L-l , respectively.

MiIk Mo concentrations were not affected by time with the excep-

tion of low concentrations (P < 0.01) observed in the first and

sixth week of the trial for cows fed 20Mo and 40Mo. The initial
low levels (week 1) observed for milk Mo are probably related to

the recent introduction of animals to their experimental diets.
The reason for the lower levels observed in week 6 is not known;

however nilk Mo levels returned to previous levels thereafter.
Laboratory analysis procedures are not considered to be a cause

because repeated analysis on these milk samples produced similar
results.
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Table 9: Influence of dietary rnlybdenum on milk yield and compos-
tion for beef cows. I

DIET
f terns OMo 2OMo 40Mo SE

Milk
kg d-

yÍetd,

Fat corrected
milk kg d-1

Butterfat, %

Protein, %

La.ctose, %

Copper, mg L-l

Molybdenum,
mg L-r

LO.7

14.6

6.00

3.50

5.25

0.16

10.8

L5.7

6.91

3.53

5.29

0.15

0.51b

8.3

9.9

5.26

3.55

5.24

o.10

2,5

2.4

0.53

0.09

0.08

o.o2

0.104 1.19c 0.04

T Each value represents the mean of four cows for nine weeks.

a - c Means in the sane row with different superscripts are signifi-
cantly different, "{ = 0.01.
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By comparison, Vanderveen and Keener (1964) found average

milk Mo concentrations over a 30O day lactation to range from

approximately O.07 to 0.86 mg ¡-1 for cows fed diets containing 5

to 50 mg Mo t g-1 D.M. It is interesting to note that Vanderveen

and Keener (L964) reported no milk Mo response to dietary Mo in

the first 75 days that animals were fed high Mo diets and that

the response was much greater in late lactation than early and

midlactation, whereas in the present study there was an inmediate

response to increased Mo intake. Huber et aI. (L97L ) observed

mitk Mo levels to average 1.03 mg L-l in the last four months of

a six month study in which cows were fed 53 mg Mo kg-l D.M.

In summary, in the present study milk Mo levels were found

to be equal to or greater than those observed in studies by

Vanderveen and Keener (L964 ) and Huber et al. (797I) , for which

higher dietary Mo levels were fed to cows.

Milk yield was not significantly (P > 0.05) influenced by

diet (main effect); however there was a diet by week interaction

effect (P < 0.01) (Figure 6). Animals fed Olvlo and 20Mo diets
maintained milk yield during the trial, whereas those fed the

40Mo diet had decreasing milk yields. A similar trend was ob-

served for 4% fat corrected milk (FCM) yield; however the differ-
ence between 40Mo and the other two diets was not significant (P

> 0.05).

An attempt was made to use regression lines that best fit
the data to explain the interacti-on effect (Figure 7), however

the ability of the model to explain d,ata variability (ß\ was

low. Data collected from cows assigned to OMo and 20Mo were

pooled for this figure.
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The relationship between Cu parameters used to indicate
animal Cu status and milk production of lactating animals has not

been well defined to date. gaséa on records of more than ZOO

cos,s, Poole and warshe (L97o) and Rogers and poole (Lgrr) found

Cu supplementation increased blood and liver Cu concentrations
but had little effect on milk yield of Cu deficient cows. In the

beef cow-calf study milk yietd decreased concurrently with de-

clining prasma cu values and presumably was not à response to
plasma Cu level or Cp oxj-dase activity reaching some lower thres-
hold level. Therefore the high level of Mo may have affected
mirk yierd independentry of its effect on cu parameters.

There was a" week effect (p < 0.001) and a diet by week

interaction (P < 0.10) for daily milk cu excretion (mirk yierd x

milk Cu content, Table 10). DaiIy excretion levels increased

during the first four weeks for cows fed OMo and 2oMo. Daily
milk Cu excretions decreased from week 5 to the end of the trial
for these two groups of cows. By comparison, there was a steady

decline in excretj-on of milk cu by the 40Mo cows (Tabre 10). The

pattern described for milk Cu excretion reflects the daily milk
yield for cows assigned to the three diets. Average daily milk
cu excretions were 2.7, 2.2 and L.2% of dairy totat Cu intake and

48.4, 96.3 and 95.6% of the estimated daily available Cu intake
(pp. 110-111) for OMo, 20Mo and 40Mo, respectively.

Contrary to the response observed for milk Cu excretion,
daily milk Mo excretion was significantry infruenced by diet (p <

0.01) with no interaction effects (Tabre 11). Mean daily mitk Mo

excretions were 5 and lO-fold higher for cows fed the 20Mo and

40Mo diets, respectively compared with OMo cows (Table 11). The
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calculatedT daily milk copper excretion (mg ¿-1¡ for beef cos/s
fed three levels of rnolybdenum for nine weeks.

Sa"mpling
Tfune

DIE[
OMo 2OMo 40Mo Mean + SE

Week 1

Week 2

Week 3

Week 4

Ifeek 5

Week 6

Week 7

IVeek 8

IVeek 9

Mean + SE

1.42

L.79

2.56

2.95

L.87

L.87

1.31

1.22

1.09

1.79 + 0.31

L.æ

1.86

1.63

2.LO

L.7L

1.81

1.04

0.93

1. 13

1.54 + 0.31

1. 11

1.08

1.01

0.93

o.94

o.67

0.69

o.æ

0.65

0.86 + 0.91

1.39 + 0.14 B

1.58 + 0.14 B

1.73+O.14AB

2.00 + 0.14 A

1.51 + 0.14 B

L.45

L.O2

0.93

o.96

0.14 B

0.14 c

0.14 c

0.14 c

I
+

+

+

T carculated fron varues for daily nitk production 1¡g o-1¡ ana nirk cu
concentrations (mg L-1). A conversion lactor (0.97) uas used to convert
milk from liters to kilogra.ms.

A - C Values in the sa¡ne cohmn with different superscripts are significantly
different, o(. = 0.05.
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Tabte 11: CalculatedT Aaify milk rcIybdenun excretion (rry d:1)
fed three levels of dietary rcIyhlentrm for nine weeks

by beef cows

S¡npling
Tirne

DIET
OMo 2OMo 4TOMO Mean + SE

IVeek 1

Ifeek 2

Week 3

Week 4

Ifeek 5

Week 6

Week 7

Itleek I

IYeek 9

Mean + gg

1.93

L.24

1.51

L.O2

L.ß

0.89

0.86

0.36

0.53

1.09 + 4.N a

2.42

3.70

5.96

6,82

9.80

5.48

4.82

4.97

5.57

7.8L

LO.25

LL.72

10.71

L4.74

6.2L

7L.27

10.90

6.79

10.02 + 4.40 b

6.N

6.18

8.67

4.19

5.63

o.82

o.82

0.82

0.82

0.82

AB

AB

A

B

AB

4.05 + 0.82 B

5.06 + 0.82 B

4.93 + 0.82 B

4.30 + 0.82 B

+

+

+

I
+

5.50+4.4yoàb

T Calculated frqn values for daily milk production (kg d-1) and milk Mo
concentrations (rng l,-1). A conversion fáctor (0.97j was used to convert
milk from liters to kilogra.ms.

T Each value represents the rnean of four aninq.Is.

a - b Values in the same row with different superscripts are significantly
different, & = 0.05.

A - B Values in the same column with different superscripts are significantly
different, 4* = 0.05.
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excretj-on levels represent 15.8, 2.5 a"nd 2.5% of total daily Mo

intake for OMo, 20Mo and 40Mo, respectively. Similar values were

observed by Huber et al. (L97L) who reported that 2.6 and L.3% of

dietary Mo was accounted for by milk Mo excretions for cows fed

diets containing 53 and L73 mg Mo t g-1 D.M., respectively.

Gross Effects in Cows. AII cows gained weight on test; daily
gains averaging O.4, O.4 and 0.4 + 0.1 kg for animals fed OMo,

20Mo and 40Mo, respectively. Dietary Mo did not influence (P >

0.05) cow weight change. Reduced milk yield for animals fed the

40Mo diets did not appear to be the result of a change in energy

partitioning, which would have resulted in increased body tissue

deposition.

Clinical symptoms of hypocuprosis or molybdenosis such as

diarrhoeâ. were not observed during the experiment.

Plasma Cu Parameters in Calves. Total plasma Cu of suckling

calves was not influenced (P > 0.05) by their dams' dietary Mo

intake. The treatment means, over the nine week trial, were

O.77, 0.81 and 0.80 + 0.06 mg L-l for OMo,20Mo and 40Mo, respec-

tively.

At the beginning of the trial the mean plasma Cu content for

the calves was O.g4 + 0.37 mg L-1 which was similar to that of

their dams (0.85 + O.47 mg L-1¡. CaIf plasma Cu leve1s were

significantly (P < 0.001) lower in week 2 (Table L2). For the

remainder of the trial there was a tendency for plasma Cu concen-

tration to continue declining, however this trend was not signi-
ficant (P > 0.05). This agrees in part with data reported by

Bingley and Duffy (L969) showing that, although plasma Cu concen-
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Changes in calf plasm copper concentration and distribu-
tion during the nine week study.

PARAI{ETM,

Week
P1astq Cu
(me l.-1)

lCA-soluble Cu
(me L-1)

Cp oxidase activitv
(¿ A min-l L-1)

1

D

3

4

5

6

7

8

I

O.g*:^

0.848

o.7ù

0.768

O.7BB

o.748

o. æB

o.728

0.718

o.03

0.734

0.694

0.714

0.598

0.598

0.03

72.4

æ. sB

4s.Ñ D

58.18 C

55.2F C

ffi.6c D

M.TD

52.5c D

48.7c D

4.7SE

A - D Means in coli.rnns with different superscripts are significantly
different, &= 0.05.
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trations of newborn calves were much lower than those of their

dams, adult values were reached by the time calves were one week

of age. Plasma Cu concentrations were not monitored for calves

over one week of age in that study.

The decreases in plasma Cu observed in the current study

coincided with decreases (P < 0.001) in TCA-soluble Cu and Cp

oxidase activity (Table LZ). The TCA-soluble Cu levels for weeks

1, 3 and 5 were significantly higher (P < 0.05) than for the

latter part of the trial. Period effect for Cp oxidase activity
was not as easily defined as for the other two plasma Cu parame-

ters. Although there was a. general tendency for values to

decrease during the trial, there was also variability from week

to week (Table fZ). As TCA-soluble Cu values appear to corre-

spond with fluctuations in Cp oxidase activity it is speculated

that animal variability (i.e., response to environmental changes)

rather than sample handling procedures were responsible for the

weekly fluctuations observed.

The general decline observed for all three plasma Cu parame-

ters (Figure 8) may be associated with low dietary Cu intake.

Daily Cu requirement for these calves was estimated to be 1.3 mg

¿-1 (ARC, 1980). Estimated total Cu intake was L.79, L.54 and

0.86 mg ¿-1 for calves sucking cows assigned to OMo, 20Mo and

4Olvfo diets, respectively (Tab1e 10). Dietary Cu availability is
greater prior to than following weaning (Suttle, L975; Bremner

and Davies, 1980); however Suttle (L975) also observed a negative

relationship between Cu availability and age prior to weaning.

The decline in calf plasma Cu parameters over time observed in

the present study (Table L2) may have been a response to decreas-
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ing availabitity

requirement for Cu

of dietary Cu in combination with increased

Liver Cu in Calves. Initial liver Cu concentrations ranged from

5L.2 to 351.9 mg Xg-l D.M. Initial liver Cu concentrations for
all calves were above the suggested threshold range of 5 to 25 mg

Cu ke-1 liver D.M. used to differentiate deficient from normal

animals (Ammerman, L97O; Smith and Coup , 1973). Mean hepatic Cu

concentrations were affected by experimental diet of dams, âs

calves in the 40Mo group had significantly (P < 0.10) lower

concentrations of 87.6 + 27.6 mg tg-1 D.M. compared to 153.3 +

27.6 and 782.7 + 27.6 for calves in the 20Mo and OMo treatment

groups, respectively. However, this difference may in part be

related to the lower initial (day 3) hepatic Cu concentrations of

the 40Mo calf group (131.8 mg tg-1 D.M.) compared to those in the

OMo (2L7.O mg kg-l D.M.) and 20Mo (195.5 mg tg-1 D.M.) groups,

respectively.

Hepatic Cu concentrations declined at rates of L.49, 2.OB

and 1.58 + 0.74 mg tg-1 lÍver D.M. 6-1 for calves nursing cows

fed OMo, 20Mo and 4OMo, respectively (Figure 9). The Cu concen-

tration in the last (day 57) sample from one caLf in the 20Mo

group was 28.6 mg kg-l D.M. Two calves in the 40Mo group had

levels of 18.3 and 24.1 mg kg-1 D.M. (Appendix table I-17).
These calves had liver Cu levels at or approaching threshold

levels stated to define Cu deficiency as noted above.

Simpson et aI. (L982 ) found that for calves receiving a low

Cu diet, liver Cu concentrations declined at rates that were

positively related to initial liver Cu levels despite marked
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differences in the latter at the start of the treatment. Hepatic

Cu changes, calculated as the daily fractional decline (mean

change on daily basis (mg tg-l) divided by initial liver Cu

concentration (mg Xg-l ) tended to be lower for calves in the OMo

group compared with those in the 20Mo and 40Mo groups, wj-th

values of 0.006, 0.010 and O.OLZ + 0.002 respectively. This

trend was not significant (P > 0.05).

Dietary Mo intakes were estimated to be 1.09, 5.50 and 10.02

mg d-l or 0.91, 4.64 and 10.82 mg kg-l D.M. intake for calves in
the OMo, 20Mo and 40Mo groups, respectively. Molybdenum intake

did not affect blood Cu parameters, however calves consuming high

Mo milk (20Mo and 40Mo) tended to have greater decreases in liver
Cu concentrations, r€lative to initial liver Cu levels compared

with the OMo calves.

Ifeight Gain in Calves. Diet of the cows did not significantly (P

> 0.05) affect average daily gains (ADG) of calves which were

O,75, 0.66 and 0.66 + 0.08 kg for 0Mo, 20Mo and 40Mo, respecti-
vely. However there was a" significant (P < 0.05) diet by week

effect on ADG (Figure 10). Calves in the OMo group had higher (P

< 0.05) daily gains than 20Mo and 40Mo calves in period 3 (week

3-4) and had higher gains than 40Mo calves in period 7 (week 7-8)

and I (week 8-9).

Food conversion ratios, calculated as average daily FCM

yield (kg) divided by average daily gain (ke) of calves, were

L9.4, 23.8 and 15.0 for calves in OMo, 20Mo and 40Mo groups,

respectively. This suggests that poor feed conversion, as otr)-

posed to reduced cow milk production may have been associated
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with reduced calf grorvth for the 20Mo group. It is questionable

whether high Mo levels in the milk of cows in the 20Mo group

resulted in the poor feed conversion ratios because feed conver-

sion of calves in the 40Mo group was much better. The short

duration of the trial and the low number of animals per treatment

make it difficutt to predict whether similar losses may be incur-

red in the field or the magnitude of the losses. AIso, the

potential causes for a reduced caLf growth rate were not well

defined from the results of the present study. Reduced cow milk

yield may have contributed to lower ADG in the latter part of the

study for calves assigned to the 40Mo group. However, this did

not appear to be the cause for any differences in ADG observed

between calves in 20Mo relative to those in the OMo group.

A further consideration for future work in this a"rea would

be to place cows and calves on test immediately post-calving.

Bailey and Lawson (1981) stated that calves on native range are

observed to drink water and to graze within 30-60 days of birth.
However, they estimated t)rrat greater than 50% of the calf's
digestible energy intake was still supplied by milk for calves at

80 days of age.

Discussion. Estimated requirements of Cu by cattle are 7 ,Jgkg-L

liveweight ¿-1 for maintenance plus 0.1 mg kg-l milk produced

(ARC, 1980). The mean body weight and average daily milk yields

of cows at the start of the trial were 568 + LO.4 and 9.6 + 1.5

k8, respectively. Therefore the net or available Cu requirement

for this group of cows was estimated to be 4.g mg ¿-1 (ARC,

1980)" Incorporating the actual Cu content of milk (0.14 + 0.01
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mg ke-l) produced by cows in the present study, the estimated

daily requj-rements would be revised to 5.3 mg 6-1. The predicted

coefficients of absorption of Cu (equation 1, Suttle and Mclauch-

lan, L976) for the OMo, 2OMo and 40Mo diets were 0.05, O.OZ and

0.01, respectively. Therefore predicted total availabte Cu for
cows fed 11.6 kg of the respective diets was 3.7, 1.6 and 0.9 mg

d-1, which suggests that all three groups of animals were in a.

potentially negative Cu balance. Copper balance in this context

refers to the ability of dietary Cu to meet the Cu requirements

of the animal for maintenance and production.

The equation (equation 2) developed by Langlands et aI.
(1981), when applied to the experimental diets, predicts dietary

Cu concentrations had to be 5.7, 7.2 and 8.8 mg ke-1 D.M. to

maintain liver Cu concentrations. From these values it can be

deduced that the cows fed OMo would have been in a positive Cu

balance, but those cows fed the other two diets would have been

in negative Cu balance, oD the basis of actuat- Cu intakes.

Plasma Cu levels reflected the low availability of Cu in the

40Mo diet, the levels declined at a rate of 0.04 + 0.01 mg ¡-1
week-l (Figure 2). The majority of this decline was attributable
to the TCA-soluble Cu fraction which declined at 0.03 + 0.01 mg

¡-1 week-l (Figure 3). However, the implied negative Cu balances

for 20Mo fed cows, or for OMo and 2OMo fed coy/s, using the

equations of Suttle and Mclauchlan (L976 ) and Langlands et aI.
(1981), respectively, were not supported by the observed plasma

Cu parameters or cow production records.

There are several possible reasons for the discrepancies.
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First, both equations, used to estimate the ability of a diet to

meet an animalrs Cu requirements, 'were derived from studies with

sheep and not cattle. Second, the Cu source should be considered

when attempting to apply the above equations. Copper in silages

and fresh forages may be less avaílable than that derived from

dried feeds or synthetic diets (Suttle, 1980; Suttle, 1983).

Third, the Cu requirements suggested by ARC (1980) for cattle a"re

based, to a large extent, otr unpublished data and therefore

cannot be verified.
In the past decade numerous studies (Rogers and Poole, 7977 ;

Givens and Hopkins, 1978; Suttle et àL.,1980; Jarvis and Austin,

1983; Boila et àI., 1984b) have considered hypocuprosis in cows

and their nursi-ng calves and the related low productivity of cow-

calf herds. In many cases, despite biochemical responses, there

was a lack of animal production response to Cu supplementation in
terms of milk yield or growth leading to the suggestion that low

Cu status in the cows need not cause production losses (Rogers

and Poole, L977; Givens and Hopkins, L97B; Boila et â1., 1984b).

In other studies (Bingley and Anderson, L972; Jarvis and Austin,

1983) calf growth rate has responded to Cu supplementation. It
may be that cow milk yield and calf growth rate give variable

responses to Cu supplementation under conditions of diagnosed

hypocupremia because their production responses may be affected
by toxic effects of Mo other than those associated with condi-

tioned Cu deficiency.
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Ewe-Lamb Trial
Actual concentrate intake, âs a percentage of total D.M.

intake, was 28.1,28.9 and 29.O% fôr ewes fed OMo, 20Mo and 40Mo,

respectively. Diet Cu content, based on nutrient analysis of the

concentrates and corn silage (Table 5) and the intakes of each,

were below the level for which the diets had been formulated (6.0

mg kg-1 D.M., Table 13). This was due to the low Cu content of

the corn silage. Molybdenum concentrations in the experimental

diets were close to formulated levels (Table 13 ).

Gross Effects in Ewes. Clinical signs typically associated -with

feeding excess Mo or low levels of available Cu were not observed

in the ewes during the trial. However, three ewes , #99, 52 and

LL9, developed signs of thiamine deficiency after 5, 4 and 5

weeks on trial, respectively. The first ewe (#99 ) showing such

signs was found lying on its side with opisthotonus and with the

limbs extended, irr a manner typical of polioencephalomalacia

(Edwin and Jackman , LgBz). The second ewe (#52 ) had muscle

tremors and incoordination of the hind legs the day before she

went down. Both ewes were initially treated for hypocalcemia and

hypomagnesemia but showed no improvement. Ewe #52 was given 2.O

mI thiamine hydrochlorideT and showed dramatic recovery within 24

hours. The third ewe to develop the symptoms (#LLg), was given a

thiamine injection when the initial signs of muscle tremors were

observed.

TThiamine
thiamine HCI
Laboratories.

Hydrochloride Injectable (8.' ) contains 100 mg
ml-r and is a product of Profêssional Veterinary
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Table 13: CalculatedT nutrient
fed to lactating ewesT.

cornposition of experirnental diets

DIET
Nutrient, D.M. OMo 2OMo 4UJMo

Crude protein, %

Acid detergent fiber, %

_,fLAIC].Um, g Kg ^

Phosphorus, g kg-l

llagnesium, g kg-1

Sulfur, g kg-1

-1lron, rDg t(g ^

ZLnc, ng kg-l

Copper, ng kg-l

IlÁclybdenum, rng kg-l

13.5

2L.4

5.0

4.7

2.4

1.5

295.7

32.8

4.9

0.9

13.3

2t.2

4.9

4.6

2.4

L.4

282.8

3L.7

4.5

18.4

13.3

21.L

4.8

4.7

2.5

L.4

272.2

31.0

4.5

N.7

T Calcutated from the results of nutrient analyses of concentrations
and corn silage (Table 5) and actual intakes of each.

T Concentrate nade up 28.L,28.9 and 2g.O% of total D.M. for Otvto, 20Mo
and 40Mo respectively. The remainder was corn silage.
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Ewes #99 and 52 were removed from the test but ewe #119 was

left on test because she resumed eating and appeared normal

following the thiamine Ínjection.
Animal response to the thiamine injections ted to the

speculation that the syndrome observed was a thiamine deficiency.

Further analyses to confirm this were not performed except that

an autopsy on ewe #99 provided no further information concerning

the syndrome. A blood sample, taken 24 hours after the symptoms

were first observed in this animal, had low calcium levels.

Two of these ewes had been consuming the 40Mo diet (#99 and

119) and the other one had been consuming the 20Mo diet (#52). A

similar occurrence associated with high Mo intake has not been

reported in the literature.

Assuming that the syndrome observed in the three ewes was a

thiamine deficiency, one or a combination of the following
mechanisms may have been in operation: blocked absorption of

thiamine from the gut; inadequate rumen synthesis of thiamine;

destruction of formed thiamine j-n the gut; altered metabolism of

absorbed thiamine, which may have been caused by or related to

excessive Mo intake.
Acute thiamine deficiencies reported in cattle and sheep

have been related to the feeding of rapidly fermentable feeds

(Brent , Lg76) and to sudden changes in dietary patterns (Edwin

and Jackman, L982) " These reports suggested that the maintenance

of a stable and well-balanced microbial population helps to
prevent the disease.

Nikolió et aL (1983), Suttle (1983) and Huisingh et al.
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(7975) have investigated the effects of Mo on various parameters

related to rumen metabolic processes. There aÍe some indications

that changes in the microbiat popuiation occur in the presence of

increasing concentrations of Mo in rumen fluid. Thus, changes in

the numbers of thiamine-producing microorganisms, or more probab-

ly (Edwin and Jackman, L982 ) changes in the numbers of thiaminase

producing organisms could have caused the signs observed for

three of the eight ewes assigned to Mo supplemented diets.

Another ewe (#60 ) assigned to the 20Mo diet, was removed

from test when she developed gangrenous mastitis (week 4).

Initial weights of ewes were 76.1, 84.2 and 77.9 + 3.03 kg

for OMo, 20Mo and 4Olvlo, respectively. Ewes in all treatment

groups lost weight during the trial (P < 0.01, Figure 11).

Weight loss by ewes fed the two Mo supplemented diets tended to

be greater than for the control animals, however the differences

among diets were not significant (P > 0.05). Least square means

for average daily weight change were -O.2 + 0.1, -0.5 + O.2 and

-0.3 + 0.1 kg O-1 for evres assigned to OMo, 20Mo and 40Mo,

respectively.

Feed Intake and Rumen Fluid Parameters in Ewes. Feed intakes,

expressed as daily D.M. intake or as a percentage of body weight,

tended to be lower with increasing levels of dietary Mo; however

the differences were not significant (P > 0.05, Table L4). Daily

D"M. intake rvas more irregular for animals assigned to the high

Mo diets and may have accounted for the tendency toward reduced

intake by these animals.

Rumen fluid samples were taken (see page 7L for details)
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Table 14: Influence of dietary rclybdenun o1r dry matter intake and
feed efficiency of lactating ewesT.

DIET
Items: OMo 2OMo 4t0Mo

D.M. intake, kg dl1 2.I + O.2 2.O + O.2 1.8 + 0.2

2.7 + O.L2.9 + O.L 2.7 + O.L
D.M. intake, %Wy
weight

Feed effici-ency,
kg D.M. kg-r nitt 0.7 + 0.1 0.2 + 0.t 0.6 + 0.1

T least square means + sE. Based on daily D.M. intake for ewestest (Appendix Table-rr-z¡ wtrich were averaged on a weekry basis.
on
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from the nine ewes that completed the trial. Total ruminal VFA

concentrations tended to be lower (P < 0.10 ) for ewes assigned to

40Mo than for the other two diets (Table 15). The molar percent-

ages of acetate, propionate and butyrate were similar among

treatment groups.

Dietary Mo concentratj-ons did not have a significant effect
on rumen fluid pH (P > 0.05). However, ewes fed 40Mo tended to

have higher rurnen pH values than animals fed the OMo and 20Mo.

By comparison, Suttle (1983) found no change in rumen pH (5.81)

when dietary Mo leve1s of semipurified diets were increased from

0.5 to 4.5 mg Lg-l, however rumen pH increased (P < 0.01) to 6.13

when the Mo content of the semipurified ewe diet was increased to

8.5 mg Xg-1 D.M. A similar response was not observed by Suttle
(1983) for hay or pasture forages containing similar levels of

Mo. The hay was fed long and pasture forage was grazed. There-

fore, differences among animals in selection of plant type and/or

plant part may have contributed to the lack of response in rumen

pH to dietary Mo. Possible causes for the difference in re-

sponse between the semipurified diets and forage diets were not

suggested by Suttle (1983).

The rumen fluid VFA and pH data of the current study suggest

that dietary Mo may affect rumen microbial activity and lend

support to the theory proposed previously for the apparent thia-
mine deficiency. However, the small number of observations and

rumen parameters that were evaluated must be considered when

making this assessment.
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Table 15: Influence of dietary rnolybdenum on pH, volatile fatty acid
and rmlybdenun concentration in runen fluid of ewes fed
diets containing varying levels of rnolybdenumf, T.

DIET
Iterns oMo ZUMO 4UMo

No.

pH

Total VFA, rnl[

WA, % total wA:

acetate

propionate

isobutyrate

n-butyrate

isovalerate

n-valerate

Acetate: propionate
ratio

Motybdenum, nE L-l

4.78 + O.72

0.19 + 0.18 A

4.84 + L.Oz

6.2

115.4 + 9.04

5.9

118.0

2

I 0.3

+ t2.8à

6.7

u.9

4

+ O.2

3

+ 0.3

+ 10.4b

75.3

L6.7

o.6

5.8

5.5

9.2

+ 1.4

+ 2.4

+ O.4

+ 1.3

+ 2.3

+ 1.5

76.6

18. 1

0.6

3.6

5.0

6.2

1.9

3.4

0.5

1.8

3.3

2.2

77.L

13.6

1.1

6.5

7.5

9.0

+

J
+

1

1

+

+

+

+

+

+

+

1.6

2.8

o.4

1.5

2.7

1.8

0. Bs

o.20 B

5.69 +

28+0.61 + O.25 AB 1

I least square means + SE.

T Ìdeans in the same row with different superscripts are sÍgnificantly
different, a - b * = 0.10, A - B o<, 0.05.
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Rumen fluid Mo concentrations were higher with the higher

dietary Mo concentrations (P < 0.001). The values found for the

OMo fed ewes are comparable to those obtained by Suttle and Grace

(1978) for animals with similar daily intakes of Mo and S. there

was litt1e difference between Mo content in rumen fluid of ewes

consuming 36.8 to 73.3 mg Mo d-l (20Mo and 40Mo) in the present

study and animals consuming much less Mo (3.5 mg d-1) in the

study by Suttle and Grace (L978) at similar daily S intakes.

This may reflect differences in rumen fluid sampling or

processing. Samples in the current study were strained through

three layers of cheesecloth.

Plasma Cu and Mo Parameters in Ewes. Plasma Cu and TCA-solubte

Cu concentration were not influenced (P > 0.05) by diet; the

least square means being O.97 + O.O7, 1.03 + 0.08 and 1.10 + 0.07

mg ¡-1 and 0.88 + 0.06, 0.96 + 0.07 and O,gZ + 0.06 mg L-1,

respectively for OMo, 20Mo and 40Mo (Figure L2). The plasma TCA-

insoluble fraction was not increased (P > 0.05) and plasma Cp

oxidase activity was not decreased (P > 0.05) by increased Mo

intake. AIso, there were no diet by week interactions (P > 0.05)

for plasma Cu parameters. This lack of response to Mo supplemen-

tation at low S concentrations is similar to the results of

Bremner and Young (1978) but contrasts with that of Ademosun and

Munyabuntu (1982).

Total plasma Cu, TCA-soluble Cu and Cp oxidase activity, for
ewes rn all three treatment groups, rncreased (P < 0.001) during

the course of this study (Table 16). Howell et aL. (1968) found

increased plasma Cu levels in ewes which peaked one week follow-



1,0

0,9

0,8

0.2

0,0

Figure 12: Plasma
oxidase
diets.

100

BO

40

20

copper concentration and
activity for e\ryes fed OMo

Least square means + SE.

distribution and ceruloptrasmin

= 
, 20Mo lllllll and 40Mo 

*"**-

1,0

0,9

0,2

0,0

F{

I

100

60

40

20

-1
I

80
4

E

t-

l-(J

ul
(n

o
xo
z.
E(n
J
o-o
J
=É.
t¡J(J

60

É.
Lrl
o-
o-o(J

E(n
J
o-

B.S

æ.
t¡.l
o-
o-o(J
Ltl
J
Éf¡

=o(n
z.
I

L)t-

J

b'ì 0 ,6ek

d
l¡l
o-
o-
olì¿J

1¡l
J
Êo

-)d 0,3
(n

I

(J
l--

Þì
É

tr nÂ
o- vlv
o-o
(J

ã 0,4
J
fL

-l
¡

I

0 0

¡\)
l\)



Table 16:

123

Changes in ewe plasrm copper concentration and distribution.
Least square means + SE.

PARAMETEXI
Sa"mpling

TirneT
Plasna Cu

(ng l,-1)
'IUA-soIubIe Cu Cp oxidase activitv

(me L-1) (A a min-l L-1)

Initial

Week 1

Week 2

l{eek 3

IVeek 4

Ifeek 5

Week 6

0.944 + o.o4 o.B6a + o.o3 71.04 + 9.0

1.014 + o.o4 o.9oA + o.o4 ßßA + 3.2

1.024 + 0.O4 0.864 + 0.04 72.24 + 2.7

1.æA + o.o4 o.gzL + o.o3 71.04

0.984 + 0.04 0.934 + o.o4 75.34 + 2.9

1.024 + 0.0b O.gT^ B + 0.04 80.44 + s.z

1.2ßB + 0.09 1.138 + o.04 97 3B + 3.8

+ 2.7

T Initial sanple was taken within 48 hours post ta.mbing; weeks 1
to 6 r"eferring to the first to sixth lTednesday thereafter.

A - B values in the sarne corrmn with different superscripts are
significantly different, .'4 = 0.05.
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ing lambing. In the present study, à nonsignificant (P > 0.05)

increase in plasma Cu levels occurred in the first week animals

were on test. This level was maintained until week sÍx when a

significant (P< 0.05) increase was observed. The increased plas-

ma Cu in the present study and that of Howell et al. (1968)

appear to be the result of increased Cp levels.

Wiener et al . (L977 ) found the opposite response; ewe plasma

Cu levels declined in the initial weeks of lactation. Animals

were fed to appetite on a diet containing 2.0 mg Cu tg-1 D.M.

during the lactation phase of this study.

The effects of body weight loss on plasma Cu parameters and

liver Cu stores have not been considered in past studies.

Assuming that 1.15 PE Cu tg-1 body weight gain is required (ARC,

1980), a similar amount would be released per kg weight loss" If
metabolically available, this would have been an important Cu

source for lactating ewes in this study. ARC (1980) values were

derived from studies with growing animals and may vary if propor-

tions of fat, muscle and bone deposition vary.

Plasma Mo concentrations were significantly higher (P <

0.01) for the Mo supplemented ewes compared with control ewes,

the least square means being O.73 + L.26;8.16 + L.42 and 11.54 +

1.31 mg L-1 for OMo, 20Mo and 40Mo, respectively. Similar re-

sponses in plasma Mo concentration to dietary Mo supplementation

were reported by Bremner and Young (L978) and Ademosun and Muny-

abuntu (L982), the magnitude of response being greater for low S

diets than for hieh S diets. One ewe in the OMo group , #I1-,

accidentally received 200 g of the 40Mo concentrate on the first
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day she was placed on test. Mean plasma Mo concentration for
this ewe during the test period was L.46 mg L-l compared with a

mean value of O.4g mg L-l for the remaining three ewes in the 0[Ío

treatment group. Data from ewe #7L nrere included in aIt analyses

performed.

A diet by week interaction effect (P < 0.07) reflected the

increased plasma Mo concentrations over time for ewes fed the two

Mo supplemented diets in comparison to a relatively constant

plasma Mo concentration for ewes receiving the OMo diet (Figure

13).

Liver Cu and lvlo in Ewes. Liver biopsy samples were taken from

all ewes that had completed a minimum of 4L days on test. Copper

content of liver f rom 40Mo f ed ewes r,vas higher (P < 0.07 ) than

for the OMo group (Figure L4). The mean liver Cu concentrations

of ewes fed 20Mo were intermediate and did not differ signifi-
cantly (P > 0.05) from the other two diets.

It is well established that dietary Mo in the presence of

dietary S reduces Cu concentrations in the livers of sheep (Sut-

tle, L974b; Bremner and Young, 7978; Weber et àL, 1983). Sever-

aI studies (Dick, L954; Van Ryssen and Stielau, 1981), however,

have reported increased hepatic Cu concentrations in response

to increased dietary Mo. Daily Mo and S intakes used in the

studies by Dick (L954) and Van Ryssen and Stielau (1981) ranged

from 2O to 100 mg and from 0.46 to 3.0 E, respectively, which

are similar to intakes of ewes on the high Mo diets in the cur-

rent study. Van Ryssen and Stielau (1981 ) fed high Cu diets (84

mg d-1 ) and observed a high TCA-insoluble fraction in the plasma
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of the Mo supplemented sheep, which led to the conclusion that a"

similar Cu-Mo containing complex w4.s accumulating in the liver of

those animals.

For the present study, based on TCA-soluble Cu levels and Cp

oxidase activity in plasma of eryes on the 20Ms and 40Mo diets,
metabolic avaLlabitity of absorbed Cu was not affected by levels
of dietary Mo. Therefore, the higher liver Cu concentrations for
these animals cannot be considered a result of increased dietary
Cu absorption or complexing of Cu with Mo-S compounds. Two other

factors that may have contributed to the treatment effect observ-

ed for cu concentration in livers at the end of the study al"e

pretest variation of Cu concentration in ewe livers and effect of

body weight losses during the triaI. Liver biopsy samples r.vere

not taken from ewes before they were placed on their respective

experimental diets. Therefore, it may be that treatment differ-
ences reflect differences in initial liver Cu concentrations

rather than differences in rate of liver Cu accumulation or

depletion. Body weight losses during the trial averaged z.L,

L2.5 and 19.6% of initial weight for ewes on the OMo, 20Mo and

40Mo diets, respectively. As suggested previously (p. f2Ð, the

effects of dramatic losses in body weight on liver Cu stores have

not been studied and therefore any potential effects on accumula-

tion or mobilization of liver Cu stores are not known.

Average Mo concentrations in liver biopsy samples taken from

ewes at the end of the study, were higher for higher levers of Mo

intake (P < o.o7, Fi-gure L4). This is similar to data reported
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by Lesperance and Bohman (1963)

and reflects the ability of

animals are fed excess Mo.

and Van Ryssen and Stielau (1981)

the liver to accumulate Mo when

Milk Composition and Yield. Dietary Mo concentrations did not

influence (P > 0.05) ewe milk yield or fat corrected milk yield
during the six week study (Table LZ). Milk production for all
treatment groups declined (P < 0.01 ) over tirne (Table 18 ) .

Linear regression analysis (r2 = 0.16) showed the rate of decline

in milk production to be -0.1 + 0.1, -0.4 + O.2 and -0.9 + 0.1 kg

week-l for ewes fed OMo, 20Mo and 40Mo diets, respectively. The

rate of decline tended to be greater for ewes fed the two Mo

supplemented diets, however this trend was not significant (P >

0.05).

The milk yields of the Suffolk ewes in this study were

comparable to yields reported for Suffolk-cross er¡ves, but normal

lactation curves for ewes suckling twin lambs show peak produc-

tion occurring at 3 to 5 weeks following parturition (Doney et

à1. , 1981; Kleemann et &I. , 1981 ) .

Feed efficiency, calculated as kg D.M. intake + kg mitk
produced, was not significantly (P > 0.05) influenced by level of

dietary Mo (Table L4). Ewe feed efficiency declined with time (P

( 0.001); the rate of decline varying with diet (P < 0.05, Table

19). The values for feed efficiencies did not increase as rapid-
ly for ewes fed the OMo diet as for ewes fed the two Mo supple-

mented diets.
The value of a measure such as feed efficiency is r.educed

when body weight changes of the lactating animals are highly
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CCTIFInfluence of dietary rrclybdenum on milk yield and
position for Suffolk ewes. Least square meansT + SE.

DIET
Iterns OMo 2OMo <10Mo

Milk yield,
kg d-r

Fat corected milk,
kg ¿-1

Butterfat, %

Protein, %

Lactose, %

--1(Æpper, rng L ¡

Copper, mg d:17

Molybdenum, mg L-1

Molybdegum,
rng d-r 1

3.4 + 0.5 3.3 + 0.5 3.1 + 0.5

5.8

8.39

4.77

5.83

o.49

L.70

o.r4

1
+

+

I
I
I

A+

L,2

0.75

0.10

0.85

0.07

0.39

o.2/I

6.5

9.51

4.88

5.92

o.æ

2.17

1.53

4.30b

+

1
+

1
j

J
B¡

L.4

0.84

0.11

0.109

0.08

o.43

o.27

5,2

8.20

4.59

5.89

0.61

1.93

2.69

+ I.4

+ 0.82

+ 0.11

+ 0.09

I 0.08

+ 0.43

C + O.2T

o.ß^ + 0.89 + 1.00 7.æc + o.97

T Means in the sa¡ne row with different suþerscripts are
different' à - c ¿E = 0.01, A - C .¿ = 0-.001.

T carcutated frqn varues for ùily milk production 1¡¡g o-1¡ and
mi¡eral concentrations (mg L-r). A conversion factor (O.gZ)
used to convert milk frm liters to kilograms.

significantly

nilk
was



Table 18:

131

Estinq,ted nllk yield (kg d-l¡ tor ewes fed varying levels
of rclybdenum for six weeks. Least square means.

Sarnpling
Tine

DIET
OMo 2OMo 4OMo Mean + SE

Ifeek 1 3.4 4.O

Week 2 3.5 3.4

Ifeek 3 3.5 3.4

I{eek 4 3.3 3.2

Week 5 3.7 2.7

Ifeek 6 2.7 2.7

Mean + SE 3.4 + 9.5 3.3 + 0.5

4.2

3.3

3.2

3.1

2.3

2,2

3.9 + O.2 A

3,4+O.2AB

3.4+0.248

8.2+o.2AB

2.9 + 0.3 B

2.5 + O.3 B

0.53.1 j

A - B Values in the same cohmn with different
significantly different, á = 0.05.

superscripts are
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Feed efficiency (kg D.M. intake + kg rnilk yietd) for ewes
fed varying levels of motybdenum for six weeks. Least
squa.re means.

Sarnpling
Tire

DIET
OMo 2OMo 40Mo Mean + SE

Week 1

IVeek 2

I{eek 3

o.57 A

0.58 A

0.66 A

O.M A o.4

0.61 A B 0.62

o.49 + O.æ A

0.60 + 0.æ B

A

B

0.68 B 0.61 0.65 + 0.03 B

I{eek 4 O.T2 AB 0.28 B o.75 0.75 + 0.03 C

Week 5 0.684, A 1.00b, C O.75a, B O.8O + 0.04 C

Week6 O.85b,B g.92b,BC 0.654,8 0.81 +0.04C

Mean + gB 0.67 + 0.06 0.74 + O.Ot. 0.63 + 0.06

B

B

A - C Values in the sa.ne coltmn with different superscripts are
nificantly different, 4 = 0.05.

sig-
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variable, as they were in this trial.
Milk fat, protein and lactose contents were not affected (P

> 0. 05 ) by level of dietary Mo (Tatif e L7 ) .

Copper concentration and, therefore, daily Cu excretions in
the milk of ewes fed Mo supplemented diets tended to be higher

than for control animals, however the differences were not

statistically significant (P > 0.05). concentrations of cu in
milk were slightly higher than the normal levels (0.2-0.4 mg L-l)
as defined by Lonnerdal et aI. (1981) but fall within the normal

range (0.2-0.6 mg L-1) suggested by Underwood (L977).

Mean Mo concentrations in milk increased (P < 0.001) with
each increment in dietary Mo (Table LT). The concentration of Mo

in milk increased over the six weeks of lactation for e\{res fed

the 20Mo and 40Mo diets but remained at consistently low levels
for the OMo fed ewes (Figure 19).

Daily milk Mo excretion was significantly (P < 0.01) affec-
ted by diet. The mean varues were approximatery g and lz-fold
higher for ewes fed 20 and 40Mo, respectivery, than for ewes fed

OMo (Table LT). These excretj-on levels represent 24.3, 11.2 and,

Lo.5% of totar daily Mo intake for ewes fed OMo, 20Mo and 40Mo,

respectively.

Despite reduced milk production

milk Mo excretions were maintained

Mo supplemented diets (Table 20).

tained from the beef cow-calf trial

over time (Table 18), daily
or increased

This differs
which had a

for ewes fed the

from data ob-

decline in daily
production.milk Mo excretions (Table 11) with declining milk
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fedcalculated dairy mitk rclybdenum excretions (mg o-1) by ewes
varying levels of dietary molybdemrm. Least qluare nþans.

Sarnpling
1ire

DIET
OMo 2OMo 40Mo Mean + SE

IYeek 1 0.54 1.56 2.U

Itleek 2 0.58 3.55 6.78

Itleek 3 0.51 3.62 5.53

Week 4 0.36 6.22 7.73

IVeek 5 o.42 5.M 72.Or

Week 6 0.35 5.41 L7.20

Mean + SE 0.46 + 0.894 4.30 + 1.00b 7.@ + O.g7c

1.65 + 0.919

3.& + O.VJ

3.22 + O.æ

4.77 + L.æ

5.97 + L.ZI

5.65 + L.Z+

a - c Values in the sa.re row with different superscripts
different, &= 0.05.

are significantly
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Plasma cu and Mo Parameters in Lambs. Ewes significantly (p <

0.05) influenced plasma Cu and Mo parameters of their lambs

(Appendix Table II-7).
Molybdenum concentrations in the ewe diets did not influence

(P > 0.05) plasma cu, TCA-soruble cu or cp oxidase activity of
the lambs (Table 2L). Plasma TCA-insoluble Cu (% of total plasma

cu) was not different among treatment groups, the least square

means were 7.5 + 1.5, 11.0 + r.7 and 9.2 + L.5"Á for rambs sucking

ewes assigned to OMo, 20Mo and 40Mo diets, respectively.
Blood samples taken from lambs 24 to 48 hours after birth

had low plasma Cu levels (0.39 + O.Ob mg L-1, Figure 16). plasma

cu concentrations rose in the initiar weeks (p < 0.0b) and peaked

when lambs were four to five weeks of age. Similar observations

srere made by Mcc. Howell and Edington (1968) and weiner et al.
(Lg77). In all three studies the increased plasma Cu levels were

rerated to increased Cp oxidase activity. Means and mean

comparisons describing the changes of plasma cu, TCA-soluble cu

and Cp oxidase activity with lamb age are found in Appendix table
TT-L2.

The variation in Mo concentration in diets fed to ewes

infruenced lamb plasma Mo levels (p < 0.05). The mean plasma Mo

Ievel for control lambs was 0.14 + O.ZL mg ¡-1 which was signifi-
cantry lower than for lambs sucking ewes fed the 2oMo (0.gg +

O.23 mg L-1) and 4OMo (L.ZO + O.ZL mg L-1) diets.
Age of lamb also affected (p < 0.001) ramb plasma Mo concen-

trations, levels for lambs aged two to three weeks of age being
significantry higher (P < 0.05) than for the same lambs at a"
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Table 21: Concentration and distribution of plasm copper and
ceruloplasnin oxidase activity for la¡nbs sucking ewes fed
different levels of rnolybdenurn. Least square means + SE.

DIET
Parameter 0Mo 2OMo 4{JMo

Plasm Cu, rng L-l 0.89 +
(55

soluble Cu.
-1

1.11 + 0.10
(-44)

1.O4 + 0.09
(42)

0.92 + g.gg
(54)

0.85 + 0.Og
(53)

0.
)T

09

rcA
mgL 0.82 + O.Og

(56)

Cp oxidase activity,
¿ A rrin-l l-1 80.8 + 8.8 103.0 + 9.8

(54) (-M)
77.9 + 8.8

(54)

T Values in parentheses are the number of observations for each treat-
ment rrean.
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younger or older age (FÍgure L7). A diet by week Ínteraction (p

< 0.001) reflected greater increases in plasma Mo of lambs suck-

ing ewes fed Mo supplemented diets relative to those sucking ewes

fed the control diet.
Lambs assigned to the 20Mo and 4oMo groups had plasma Mo

concentrations that increased until lambs were 3 weeks of àge,

following which there was a decrease to concentratj-ons of
approximatery 32 and 2L% of the peak levels, respectively, by the
time lambs were six weeks of age. This sudden decrease was not
related to changes in dairy Mo intake, which was assumed to be

the equivarent of daily milk Mo excretion of ewes (Table zo).

rt is probable that the sudden drop was because of the

development of a functional rumen. Miller et aI. (L972) reported

that absorption of dietary Mo entering a" functional rumen was

much lower than Mo which was passed directly to the abomasum.

Although it would be expected that Mo in suckled milk passed to
the abomasum via the esophageal groove closure, endogenous or

recycled Mo may be entering the rumen of rambs via sarivary
secretions (SuttIe and Grace, 1928).

Sutt1e and Grace (L978) reported that 89% of absorbed diet-
a]"y Mo may be recycled or secreted into the rumen when S intake
is row. Based on a s to nitrogen ratio of 0.06 for ewe's milk
(Langrands and sutherland , TgrB), the estimated s intake was 5 to
8 g 6-1 milk D.M. for lanbs in the present experiment which is
high compared to the 'Iow' levels used by suttle and Grace

(L978). However, ÉLS with the milk Mo, milk s by-passes the rumen

and therefore would have had limited interference with Mo absorp-
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sucking ewes fed OMo ( I ), 20Mo ( A )( O ) diets. Least square means + SE.
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tion and recycling. The absorption of dietary Mo and s may not

differ too greatly between preruminant lambs and lambs with a

developing or devetoped rumen as long as the feedstuff bypasses

the rumen. Therefore, the marked drop in plasma Mo concentration

observed (Figure L7) in lambs at approximately one month of age

in the present study was probably associated with the formation

of thiomolybdates, from recycled Mo and S, in the rumen.

Liver Cu and Mo in Lambs. Mo concentration in the diet of ewes

influenced (P < 0.07) the Cu concentrations in the livers of

their lambs at the end of the study (Figure 1-Ð. Lambs in the

40lvlo group tended to have higher liver Cu concentrations than

lambs in the other two groups. The least square means were 243.5

+ 22.7, 2L9.L + 32.7 and 320.4 + 26.2 mg Mo tg-l liver D.M. for
OMo, 20Mo and 40Mo, respectively.

Liver Mo levels in lambs sucking 20Mo and 40Mo ewes were

approximately double the leveIs found in livers of control lambs.

Least square means were 4.9 + 2.4, LL.z + 3.4 and 10.9 + 2.8 mg

Mo kg-l liver D.M. for olrlo, 20Mo and 40Mo, respectively. These

differences were not significant (P > 0.05).

Ewes did not significantry (P > 0.05) influence liver cu or

liver Mo concentrations of their tambs (Appendix table rr-z),
which contrasts a signficant ewe effect observed for lamb plasma

Cu and Mo parameters. This suggests that individual variation
between lambs in a twin set is greater for liver Cu stores than

is the effect of dam. Whether the individual variation was

apparent at birth or developed after birth is not known. How-

ever, the significant ewe effect on plasma Cu and Mo parameters
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suggests that dietary Cu and Mo uptake from the gut is retated to
milk Cu and Mo content.

Gross Effects in Lanbs. Average dairy gain of lambs was not

shown to be affected by differences in ewe milk yietd (p > 0.05)

or milk composition (P > 0.05). Least square means were o.24 +

0.01 , 0.24 ! O.O2 and O.22 + O.O2 kg A-1 for QMo, 2OMo and 40Mo,

respectively. Lambs gained less weight during the first week on

test compared to the remainder of the trial (p < 0.001). A diet
by week interaction was not observed (p > 0.0b) for lamb ADG.

Food conversion ratios for rambs, expressed as one-half of
daily ewe mirk yield å kg lamb body weight gain, averaged 5.1 +

o.7, 4.8 + l.t and 3.9 + 0.7 for OMo,2oMo and 40Mo, respective-
ly. These values suggest that high mitk Mo levels did not affect
(P > 0.05) the efficiency of gain in sucking lambs.

Clinical symptoms indicative of Cu deficiency or molybdeno-

sis were not observed in lambs.

Discussion. Using the mean value for ewe weight, Zg.4 + 3.0 kg,

and for milk production, 3.9 + 7.2 kg 4-1, in the first week of
the trial, the estimated (ARc, 1gB0) cu requirement for ewes in
this study was L.4 mg ¿-1. when the mean cu concentration of

milk (0.59 mg L-l) was incorporated into the calcurations, the

daily Cu requirement for ewes in the present study was increased

to 3.3 mg ¿-1.

The predicted coefficient of absorption of cu (equation 1,

suttle and Mclauchran, 1976) for the OMo, 20Mo and 40Mo diets
were 0.05, o.o2 and 0.01, respectively. Taking into account the
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daity D.M. intake for the ewes (Tabre L4), the available cu

intake was 0.5, o.2 and < 0.1 mg ¿-1 for animals allotted to OMo,

20Mo and 40Mo, respectively. Thesô calculations suggest that aIl
three groups of ewes would have been in a potentially negative Cu

balance.

A similar conclusion can be drawn from the application of
the equation (equation 2) derived by Langlands et at. (1981).

Accordingly, Cu concentrations in the OMo, 20Mo and 40Mo diets
would have had to be 5.8, 7.3 and 10.6 mg kg-l D.M. to maintain

Iiver Cu concentrations.

The equations derived by Suttte and Mclauchlan (1,976) and

Langlands et al. (1981 ) were based on studies with growing sheep

and may not be directly appricable to lactating ewes. For examp-

1ê, the high dry natter intake associated with lactating as

compared with nonractating sheep (Peart et â1. , LgTz; Arnord,

7975) nay affect rate of disappearance of both liquid and partic-
le digesta components from the rumen (Mudgal et àL., LgB2;

McAlran and smith, 1983). changes j-n turnover rate of dietary
and microbial components associated with Mo and S may influence
both the rate and type of thiomolybdates formed in the rumen

(clarke and Laurie, 1980). copper absorption from the gastro-

intestinal tract as well as systemic Cu metabolism could be

influenced by these changes.

Several studies have demonstrated a positive correlation
between turnover rate and increased microbial growth (Harrison et

àL., L976; Kennedy et aL., Lg76). surfur is required by rumen

rnicroorganisms for protein synthesis and this may affect S utili-
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zati-on from the rumen Hrs and organic s pools. rncreased diru-
tion rates, particularly if associated with high starch intake
(Bray and rill , L975) may increase the popuration of rumen

bacteria capable of reducing so42- to Hrs, thereby reducing the

inhibitory effects of MoOn on rumen sulfide production from

sulfates (Huisingh and Matrone , LgTZ).

The amounts of dietary s, Mo ancl cu that by-pass or are not

subjected to rumen microbial actions may also increase as a"

result of increased turnover rates associated with high feed

intakes. These factors should also be taken into consideration

when applying the equations to diets for lactating corvs. The

importance of the above factors relative to parameters known to
infruence dietary Cu utilizatj-on, such as cu source (Lamand,

7977; suttle, 1983) and dietary Mo and s concentrations (Dick et
àI., 1975; Suttle, 1975) have not been evaluatecl.
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Cow-Calf and Ewe-Lamb Trial Comparison

Plasma and Liver cu parameters. cows fed g4.g mg Mo xg-1 D.M.

had become cu deficient by the end'of the nine week study (Figure
2) - the presence of a TCA-insoluble Cu fraction in the plasma of
these animals suggests that thiomolybdates had been formed in the

gastrointestinal tract. Formation of thiomolybdates rnay account

for reduced Cu absorption from the gut and altered metabolism of
absorbed Cu.

A similar response was not observed for the ewes. Although

ewes fed the Mo supplemented diets tended to have higher plasma

Cu concentrations, the difference could not be attributed to diet
as pretrial plasma Cu concentrations (24 to 48 hours posttambing)

for this group of ewes also tended to be higher. Furthermore,

liver Cu concentrations at the end of the trial were greater for
the Mo supplemented ewes relative to control ewes. As pretrial
liver biopsy samples were not taken, it could not be determined

whether differences in Cu concentrations of ewe livers reflected
pretrial levels or were a response to treatment. The d,ata indi-
cate that liver Cu stores $¡ere not being depleted by hieh Mo

intakes in the dietary regime of the sheep.

Differences in response to high dietary Mo intake between

cows and ewes may be due to a number of factors. Kennedy et al.
(L975) stated that so42- recycling was considerably less for
sheep than for cattle. This rnay have resulted j-n relatively
lower ruminal HZS concentrations in the ewes. Various studies
have demonstrated tlnat dietary S has a predominant effect on the
availability of dietary cu in the presence of dietary Mo (suttle
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and Mcl,auehlan, L976; Bremner and young, lgzg). Therefore, ar-
though experimental diets in the two triars had simirar s

concentrations higher rumen thiomólybdate production related to
higher rumen HrS levels may have adversely affected availability
of dietary and systemic Cu in the cows. other factors that may

have contributed to differences observed include differences
between cattle and sheep in rumen metabolism and/or differences
in the absorption, metabolism or excretion of Mo.

Cu concentrations in the plasma of sucking calves and lambs

were not influenced (P > 0.0b) by Mo intake of the dams. Depend-

ing on the criterion used, carf river cu levels may have been

affected by milk Mo concentrations. Although actual rate of
decline for liver Cu levels in calves was similar across treat-
ment groups (Figure 9), decline relative to initial concentra-
tions tended to be greater for the 2oMo and 40Mo groups.

Change in liver Cu concentration of lambs was not monitored;
however, liver cu concentratj-ons of rambs sucking ewes fed Mo

supplemented diets were equal to or greater than those of lambs

sucking ewes assigned to control diets.

Production Parameters. Lactating animals may rery heaviry on

body fat reserves as an energy source for milk production (Moe et
â1., 797L). Therefore, consideration of milk energy production,
alone, [âv not be a good estimate of the efficiency of feed

energy utilLzatLon when comparing diets fed to lactating animals.
A better assessment would involve some measure of tissue energy

changes as well as milk energy production. unfortunatery, an

accurate neasure of the energy value of body tissue gain or loss
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by lactating ruminants is difficult to obtain because the compo-

sition or the relative proportions of water, protein and fat for
the weight change is difficurt to determine (Beid and Robb,

L97L). ARc (1980) has suggested that the energy varue of 26 MJ

t g-1 body weight gain or loss be adopted for adurt sheep and

cattle. Use of a constant value, 26.0 MJ Xg-1 change in body

weight, does not provide accurate quantitative figures but may

provide comparative data for animals assigned to the three treat-
ment groups in each of the trials being discussed. The effects
of excess dietary Mo on feed energy utirj-zatj-on by lactating
animals in the beef cow-calf and ewe-lamb trials were determined

by comparing estimates of net energy retentj-on (MJ d-1 ) for
cows and ewes fed OMo, 20Mo and 40Mo diets (Table 2z). Net

energy retention, in this context, refers to the energy provided
by feed for milk production and weight gain.

Daily milk energy yields were calculated from the mean daily
milk fat, protein and ractose yierds of animals during their
respective tri-als, using energy values for each component of
38. 5 , 23 .7 and 16.5 J E'L , respectively (Van Soest, 1gg2 ) .

fncreased Mo concentrations in a concentrate-corn silage
diet affected productÍvity in both cattre and sheep; however, the
parameters affected differed between the two species. cow

weight, milk yield and milk composition, with the exception of Mo

concentrations, were not affected by increasing dietary Mo con-

centrations from 0.6 to 19.3 mg kg-l D.M. for nine weeks. Diet
Mo concentration, when increased to 34.8 mg kg-l D.M., was asso-

ciated with a more rapid rate of decline in daily milk yield but
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TabLe 22: Estirmted energy retention of cows and ewes fed
diets c¡ntaining varying levels of rnlybdenum.

Species Diet MiIk Energy
M](rl T

Body tissue
gain or. loss

ìd.I d:I 1

Net Energy
retention
MTdIS

Bovine

Ovine

OMo

20Ilo

40Mo

OMo

2OMo

4OMo

M.6

47.7

30. B

20.8

20.o

15.9

LL.4

10.4

L7.2

-2.6

-9.2

-9.4

56.1

58.1

42.O

L8.2

10. B

6.5

T Calculated frorn means (bovine) or least square nÞans (ovine)
for daily milk fat, protein and lactose production using energy
values for each cornponent of 38.5, 23.7 and 16.5 J g-1, respec-
tively (Van Soest, LgBz).

T gased on the assumption that the energ:y value of body weight
gain or loss is % MJ kg-l (ARc, 1980).

S Sum of milk energ:y production and body tissue energy change.
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did not affect other production parameters. There was an appar-

ent reduction in energy retention for cows assigned to 4Olrfo

(Table 22).

Diets containing 18.4 and 40.7 mE Mo kg-1 D.M. fed to earty

lactation ewes resulted in a three-fold greater body weight

losses and decline in milk production relative to animals fed a

low Mo diet. These differences were not statistically signifi-
cant, which may be partially due to missing observations. Di-
etary Mo also appeared to affect ewe health; three of the animals

assigned to the Mo supplemented diets apparently were thiamine

deficient. Removal of two of these animals from the trial ac-

counted for 2 missing observations each of weeks 5 and 6 of this
trial.

Although the 20Mo diet did not appear to influence feed

energy utilizatJ-on of beef cows, there was an apparent effect for
ewes which was reflected in à tendency toward greater body weight

Iosses (Table 22). High levels of lvfo intake tended to reduce

rnilk yields for both cows and ewes; however only ewes responded

with increased body tissue losses. Estimated differences in
energy retention cannot be accounted for by differences in metab-

olizable energy intake, which were the same across treatment

groups in the cow-calf study and differed by an estimated -1.1
and -3.2 lvIJ ¿-1 from control ewes for 20Mo and 40Mo, respectively
in the ewe-lamb study.

Reduced performance of cows fed the 40Mo diet appeared to be

related to an induced Cu deficiency. However, it should be noted

that the decline in milk yield was apparent before cows assigned
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to 4OMo were actually Cu deficient, based on Cu parameters used

in this study. Toxic levels of Mo in the gastrointestinal tract
or systemically may have contribuied to this adverse response.

The ewe data, otr the other hand, suggested that reduced animal

performance was related to an effect of dietary Mo other than a

reduced Cu availability or altered Cu metabolism in the body.

Excessive Mo intake is usually associated with depletion of

Cu reserves. However, several studies, Dick et tL, L975; Sutt1e

and Mclauchlan , L976 and Langlands et â1. , 1981, evaluating this
Cu-Mo interaction did not take into account animal productivity.
The effect of an increased blood and tissue Mo concentration in
association with either an accumulation of Mo compounds over an

extended period of time for animals fed high Mo, high s diets
(Grace and Suttle, L977 ) or rapid increases associated with
anj-mals exposed to a high Mo-low S diet may explain the reduced

productivity with no apparent changes in Cu metaborism. These

increases in tissue Mo concentrations also occur in animals that
have a Mo induced cu deficiency and may contribute, to some

extent, to the reduced performance of such animars. rf so, this
may be the reason that previous efforts (smith and coup, L7TB;

Mills et â1., L976; Puls, 1981) to define criticar lower varues,

for plasma or liver Cu and/or Cu-containing enzyme concentra-

tions, predÍ-cting reduced animal performance have not been

satisfactory.

observed cu concentrations in ewe and cow mirk were in
agreement with the riterature (underwood, L977; Hidiroglou and

Knipfer, 1981; Lönnerdal et àL., 1981). copper concentrations in
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milk n¡ere three to six-ford higher for ewes than for cows. cop-

per concentrations in milk were much more variable among individ-
ual etves than among individual cows.

Variations in Mo concentrations in milk were greater for
ewes than for cows fed similar dietary Mo levels. Expressed as a"

percent of total Mo intake, ewes excreted a higher percentage of
Mo for all three experimental diets. Whether these Íncreased

milk Mo excretions by erves reflected more efficient Mo absorp-

tion, less efficient Mo excretion via other routes or were

related to reduced S recycling, is not known.

comparisons of cu and Mo parameters within twin sets

resulted in some confusion regarding the significance of maternal

effects. Ewes had a significant effect on lamb plasma cu, TCA-

soluble Cu, Cp oxidase activity and plasma Mo concentrations.
However there was not a significant en'e effect on lamb liver Cu

and Mo concentrations. It may be that diet influenced the circu-
lating levers of plasma cu and Mo of the suckled lambs, however

it appears that factors such as differences in liver Cu stores at
birth (values were not determined) or differences in deposition
andfor mobilization of Iiver Cu reserves between lambs within
twin sets had a greater effect on tamb liver Cu content at the

end of the trial than did the milk supply of their dams.
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Dairy Cow Trial
Gross Effects. cows assigned to Trt. rrr and rrt. rv (Mo supple-
mented diets) tended to have greater weight losses during the

eight week study than did cows assigned to non-Mo supplemented

diets (Tabte 23). This trend was not significant (p > 0.05). A

week effect (P < 0.01) reflected greater weight losses for alr
cows in weeks 5 to I (-0.6 + 0.1 kg d-1) than during the first
four weeks (0.3 + 0.1 kg d-1) animals were on test.

The trend towards greater body weight losses by animals fed

Mo supplemented diets was similar to that for the ewes in the

ewe-Iamb trial. However, in both trials the large individual
animar variabirity precludecl significant differences (p > o.ob)

due to treatment.

No crinicar symptoms ascribable to hypocuprosis or

molybdenosis were observed in the cows.

Feed rntake. Morybdenum supprementation did not affect (p >

0.05) D.M. intake of the cows (Figure 18). Daily D.M. intakes

averaged L8.4 and 19.2 + 0.6 kg ¿-1 for cows fed the basar and

+Mo diets, respectively, during the first four weeks of the

study. rntake dropped (P < 0.01) in the last four weeks for cows

in all treatment groups; the average intakes were L2.4, 16.5,

L7 .8 and 16 . I kg D. M. 6-1 f or the basal , *Cu, +Mo ancl +lvlo+Cu

diets, respectivery. Higher average intakes by all treatment

groups during the initial weeks, followed by lower levels in the

last weeks of the study cannot be explained, However, it shourd

be noted that for cows housed in this barn , a reduction in milk
produetion is generally observed in hot weather. Similar envi-
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Table 23: Effect of rnlybdenum and copper supplernentation
cow body weight change (kg d-l)TrT.

on

TREATMH'TT

Period 1 diet:
Period 2 diet:

I
BasaI
BasaI

II
BasaI

+Cu

rtt
+Mo
+Mo

IV
+Mo

+Mol-Cu SE

Tirne

Period 1

Period 2

OveralI

0.6
(4)

-0.6
(4)

o.0
(8)

-0.5
(4)

-o.1
(B)

o.2
(4)

-o.9
(4)

-o.3
(8)

0.0
(4)

4.7
(3)

4.4
(7)

+ 0.3

+ 0.3

+ O.2

0.3
(4)

T least square means.

T varues in parentheses represent the number of observations for
the corresponding least square mean.
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ronmental effects may have influenced daily D.M. intake as the

present study was undertaken from June to August. Barn tempera-

tures were not monitored.

contrary to the ewe-lamb triar, day to day fructuations in
total D.M. intake for animals fed Mo supplemented diets did not

differ from animals fed non-Mo supplemented diets. Feed intakes

were from 2.8 to 3.0% of body weight which are simirar to the

level of intake of ewes in the etve-Iamb trial.

Plasma Cu and Mo Parameters. Inclusion of 20 mg Mo kg-l D.M. in
the diet resulted in i-ncreased prasma cu levers (p < 0.02) in
period 1 (Figure 19). The elevated plasma Ôu leve1s were main-

tained for animals assigned to Trt. III throughout the 8-week

f eeding trial. The plasma Cu levels of coÌr's tlnat received 20 mg

Mo kg-l responded to cu supplementation (Trt. rv) during weeks 5

to 8 with reduced (P < 0.05) plasma cu levels (within z weeks) to

those of cows that had received the basal diet throughout (Trt.
I ) and those that recej-vecl the basal diet in period 1 and +Cu in
period 2 (Trt. II) (Figure 19).

Plasma cu concentrations for cows assigned to Trt. r

decreased (P < 0.05) at a rate of 0.01 mg ¡-1 week-l. Cows

initiarry fed the basar diet and then fed +cu in weeks 5 to I
(Trt. rr) did not have a significant (P > 0.05) decline in plasma

Cu levels over time.

The patterns described for plasma Cu leveIs were not similar
to plasma TCA-soluble Cu concentrations (Figure 19) or Cp oxidase

activity (Appendix table III-14) for which no treatment or treat-
ment by week interaction effects were found (P > 0.05, Figure
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19). Least square means were 0.87, 0.85, 0.90 and 0.80 + 0.04 mg

¡-1 and,77.5, 72.O, 76.L and 73.7 + 4.9 Á A nin-l ¡-1 for TCA-

soluble Cu concentrations and Cp oxidase activity for cows as-

signed to Trt. I, Trt. If, Trt. III and Trt. IV, respectively.

There was a week effect (P < 0.001), in that mean plasma TCA-

soluble Cu levels were higher for the second and sixth weeks

compared with means for samples taken in weeks L, 4 and 8. It is
unlikely that this is a" result of errors in laboratory analyses

for TCA-soluble Cu as samples for weeks 1 and 2 were prepared and

analysed at the same time, as tvere samples from weeks 4, 6 and 8.

The variability may reflect animal response to a common stimulus

or handling and/or storage of blood samples prior to separation

of the plasma.

The previously described higher concentration of plasma Cu

for cows fed ¡¡s +Mo diet was accounted for by an increased (P <

0.001) plasma TCA-insoluble Cu fraction (Figure 19). Plasma TCA-

insoluble Cu levels for cows assigned to Trt. I and Trt. II were

similar during the trial and were significantly lower (P < 0.05)

than for cows assigned to Trt. III. A treatment by week interac-

tion effect (P < 0.07) reflects the response of cows assigned to

+Mo+Cu. These cows had plasma TCA-insoluble leveIs similar to
+Mo cows at week 4. The supplementation of Cu appeared to result
in an initial decline in plasma TCA-insoluble Cu levels by week 6

to levels that were similar to those for cows not receiving
supplemental Mo but lower than for cows fed +Mo. This may have

been a transient effect of supplementing the Mo diet with Cu

(+Mo+Cu) as by week 8 the mean plasma TCA-insoluble levels $'ere
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back to a simirar revel as for cows fed the +Mo diet (Trt. rrr),
and significantly (P < 0.05) greater than levels for cows fed the

non-Mo supplemented diets.
The effects of supplementation with Cu of a diet containing

a. high concentration of Mo are not clearly defined from results

of the present study. Total plasma Cu levels were reduced by Cu

supplementation. The TCA-soluble Cu fraction tended to decrease

during weeks 5 to 8, however this was not significant.
Variations in the TCA-insoluble fraction were too great to

determine whether or not the net effect was à reduction in Cu

complexing with circulating thiomolybdates. These variations may

indicate that circulating Cu pools had not stabilized within the

four week period that animals were fed the supplemental Cu or

that sampling frequency was not adequate to demonstrate possible

effects during such a short term.

P1asma Cu leve1s were above suggested critical values for Cu

deficiency (Smith and Coup, L973; Puls, 1981) for cows in all
treatment groups during the trial. As for cows fed the 20Mo diet
in the beef cow-calf trial (Figure 3), 20 mg Mo kg-l D.M. did not

affect (P > 0.05) TCA-soluble Cu; however there were differences
i-n animal response in the two trials for total plasma Cu and TCA-

insoluble Cu.

Although the major dietary ingredients in both the cattle
trials were barley and corn silage, differences in the remaining

feed ingredients, in nutrient composition and, possibly, in
feeding regimes, make comparisons between the two studies diffi-
cult. A possible reason for the appearance of a TCA-insoluble Cu
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plasma fraction in cows fed Mo supplemented diets in the dairy

trial is the higher dietary S content compared with the beef cotr'-

calf trial (Bremner and Young, 7978; Lamand et àL,, 1980; Ishida

et â1., 1982). However, it should be recognized that the differ-
ences in S levels between basal (not measured, 1.0 and 0.8 g S

Xg-1 D.M., respectively) and experimental diets (1.7, 3.0 and L,T

g added S t<g-1 C.M., respectively) in these cited studies were

much greater than the difference in S content of diets used in

the beef cow-calf (1.3-1.4 g kg-l) and the dairy trials (2.7 e

te-1 ) .

Plasma Mo concentrations (mg l-1 ) were influenced by treat-
ment (P ( 0.001); cows assigned to Trt. rrr had significantry
higher concentratj-ons (0.50) than cows assigned to Trt. IV

(O.27). Cows assigned to Trt. I (0.05) and Trt. II (0.10) treat-
ment groups had lower plasma Mo concentrations than cows fed Mo

supplemented diets (Figure 20). The standard error for these

treatment means was 0.04. A treatment by week interaction effect
(P < 0.01) reflected the drop in plasma Mo levels when cows fed

+Mo for four weeks were switched to +Mo+Cu. I{hile fed +ÞIo, this
group of cows had higher (P < 0.05) plasma Mo levels than the

cows fed non-Mo supplemented diets. Addition of Cu (+Mo+Cu)

reduced their plasma Mo levels within two weeks to levels found

j-n cows fed non-Mo supplemented diets and less than (P < 0.0b)

levels in cores consuming the +Mo diet. Mason (1978) showed that

Cu supplementation can reduce plasma Mo levels by decreasing Mo

absorption from the gastrointestinal tract and such a mechanism

could explain the present results.
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The decrease in plasma Mo levels from week 4 to week I was

O.17 ng L-l for co$¡s assigned to +Mo+Cu. The plasma Mo fraction
that responded to Cu supplementation was not related to Mo in the

TCA-insoluble Cu fraction as no comparable decline in the latter
was observed. The decrease in plasma Mo may have been due to

reduced circulating molybdates (MoO42-).

Liver Cu and [fo. Initial liver Cu concentrations were not sig-
nificantly different (P > 0.05) across treatment groups, the mean

values were 413.0, 397.3, 376.6 and 379.O + 24.g mg ke-l D.M. for
cows assigned to the Trt. I, Trt. fI, Trt. III and Trt. IV,

respectively. Cows had been fed a dÍet containing 10 mg added Cu

Lg-l D.M. which may account for the high initial concentrati-ons

of Cu in their livers. Cows fed Cu supplemented diets in weeks 5

to 8 had high liver Cu levels by the end of the trial compared

with cows fed non-cu supplemented diets (p < 0.001, Table 24).

The rate of liver cu deposition was greater (p < 0.05 ) for cows

assigned to Trt. II than for those assigned to Trt. IV.

Bate of decline in liver Cu concentrations for cows that
consumed a basar or a 20 mg Mo Lg-l D.M. diet were greater in the

present study than values calculated from data reported by Van-

derveen and Keener (L964) and Huber et ar. (LgrL). rn the pres-

ent experiment initial liver Cu contents were higher than those

reported in the earlier studies, therefore, it is possible that
differences in the proportions of liver cu storage forms (van

Ryssen and stielau, 1981; weber et àL., 1gB3) may have accounted

for differences in rate of decrine. AIso, basal diet nutrient
composition and milk production records were not provided
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Effect of dietary molybdenum and/or copper supplønentation onliver copper and rnolybdenum coneentrations of lactating
Holstein-Friesian cows. Least square rreans + SE.

IBEAïIÍH{I
I II III IV SE

Nr¡mber of
Observations: 3444

Liver Cu,_D.M. basis
initiaiï, me Bg-1

-tIrnal , r€ kg ^
change, rng kg-l

d-IT

Liver Mo. D.M. basis
-1initialf , mg lcg-t

final, l€ kg-r
change, tog kg-l

d-IT

4I3.
352.

397.3
602.4 a

376.6
280.4 b

0.03

4
6b

1.3
0.6

5.3
4.2b

5.1
6.ga

7.6
3.8b

6.3
4.8b

42I.6
507.2 a b

1.5 b

-o.02

2
0

51
59

-L.7 a 3.7 c -L.7 a o.7

0.03-0.03 -0.07

T

T

Initial liver
placed on test.

biopsy sanples were taken two days before cows were

Liver Cu or Mo change (rg kg-l fl1) = (final concentration - initial
concentration) i total days on test.

a - c Means in the sane row with different su¡rerscripts are significantly
different, { = 0.05.
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by Vanderveen and Keener (L964) and Huber et aI. (1971).

The effect of Cu supplementation on liver Cu concentration

can be estimated if the following assumptions are accepted.

First, th.at the rate of change in liver Cu for animals fed the

basal or the +Mo diet was constant during the eight week study.

Second, cotr's assigned to Trt. I and Trt. II had similar liver Cu

responses in weeks 1 to 4, as did cows assigned to Trt. III and

Trt. IV. Using these assumptions, the estÍmated changes in liver
Cu, during weeks 5 to 8, for cor,vs fed +Cu and +Mo+Cu were 4.74

and 3.25 mg kg-l ¿-1 (D.M. basis), respectively (Figure ZI).

Simpson et aI. (L982 ) found the relationship between liver
(D.M., kg) and live weight (W, kg) in 73 Friesian cattle to be:

D.M. = Q.0033 W + 0.30 Equation 3

Application of this equation to determine liver D.M. of cows used

in the present study resulted in a predicted accumulation of Cu

in livers of cows fed +Cu and +Mo+Cu in weeks 5 to 8 to be 10.5

and 7,2 mg d-l, respectively. These rates of Cu deposition in

the liver represent approximately 1.6 and O.8% of daity Cu in-
take, respectively.

Initial liver Mo leveIs were not significantly different (P

> 0.05) across treatment groups (Table 24). There was a. signifi-
cant treatment effect (P < O.07) as liver Mo levels increased for
cows assigned to +lúo and decreased for cows assigned to the other

three treatments.

Using the same assumptions made for liver Cu, the net effect
of feeding Cu supplemented diets to cows i-n weeks 5 to 8 resulted

in a decreased liver Mo concentration (Figure 22).
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Comparisons between the e$re-lamb and present trials show

some differences in plasma Mo response for animals fed 20 mg lvto

Lg-l D.M. relative to animars fed the low Mo control diets.
Although increased Mo intake resulted in significant increases

for this parameter in the two trials, the magnitude of the re-
sponse differed. Changes in plasma Mo concentrations were much

greater in ewes than in cows when fed Mo supplemented diets.
This suggested greater absorption and/or less efficient excretion

of Mo by the ewes.

Milk Composition and YieId.

centration in milk were not

tation

protein and lactose con-

by Cu and/or Mo supplemen-

Mo supplementation in the

results of the earlier two

content. Milk Cu levels

Milk fat,

inf luenced

effects of(Table

trial

25).

are

The

present in agreement with

trials with respect to mitk Cu and Mo

for animals that have adequate body Cu reserves, âs determined

from liver and plasma cu parameters, were not affected (p > 0.05)

by intake of high Mo diets. Milk IvIo levers, on the other hand,

increased (P < 0.001).

rncreases in mirk Mo levers as a response to increased di-
etary Mo levels may be controlled by other factors as well as

dietary Mo concentrations. For example, animals fed a diet con-

taining approximateLy 2O mg Mo Le-l D.M. produced milk containing

O.AL, 1.39 and 0.06 mg kg-1 more Mo than their control counter-
parts for beef cows, ewes and dairy cows, respectively. Diet in-
gredients and nutrient composition for the beef cow-calf and ewe-

lamb trials were similar but ewe response to dietary Mo was much

greater than for the beef eows. Species differences may have
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Influence of dietary molybdenum and/or copper supplernent-
ation on nilk yield and con¡nsition for midlactation
Holstein-Friesian cows. Least square nþans + SE.

lREAÏMM{Î
I II III IV SE

Number of
Observations

Milk yield, kg d-1

Fat cgrrected nilk,
kg dl1

Butterfat, %

Protein, %

I-aetose, %

Copper, mg kg-l

Copper, mg d-1

Molybdenum, rng kg-l

Molybrlenum, r€ dll

32 32 32 28

27.7 24.9 25.0 26.5 1.9

25.4

3.40

2.96

4.94

0.03

0.95

0.034

o.84å

22,3

3.35

2,99

4.74

0.04

0.91

0.034

o.724

2r.6

3.10

3.23

4.79

0.04

0.91

0.09b

23Lb

23,7

3.36

3.04

4.73

0.04

0.99

o.ogb

2.Arb

L.7

o.25

o.L2

0.13

0.003

0.05

0.01

0.31

T Each rpan represents data collected on a weekly basis for 8
weeks (4 anim.ls/treatment) wÍth the exception of Cu and Mo data
whieh was collected during the initial week and weeks 2 and 4 of
each period (i.e. 5 weeks x 4 anirnals/treatrnent = 20 observa-
tions).
C;ow #L4 was removed fron Treatrrent IV in week 5.

a - b Means in sa.rre row with different superscripts are significantly
different,q.= 0.05.
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contributed to differences in response between sheep and cattle.
there are several differences between the dairy cow trial and the

beef cow-calf triaI, including stage of lactation, breed and

diet, that may have caused the lower response to dietary Mo in
the former. Data collected by Vanderveen and Keener (L964) sug-

gest that abilÍty to excrete Mo in milk does not change with

stage of lactation. Similarly, studies by Vanderveen and Keener

(L964) and Huber et al. (L97f ) demonstrated that Holstein-

Friesian cows consuming diets containing 50 mg Mo kg-l diet pro-

duced milk containing as much as 1.03 to L.57 mg L-1. Both of

these studies reported plasma Mo levels much higher than those

f ound for cows fed +lvlo and +Mo+Cu in the dairy cow trial. Comp-

arable data for other breeds of cattle were not found. However,

it may be speculated that breed differences may exist in absorp-

tion of Mo from the gastrointestinal tract or ability to excrete

circulating l{o in milk.

Dietary S, as mentioned previously, may account for quanti-

tative differences in response of milk Mo leve1 for animals fed

high versus low Mo diets. Vanderveen and Keener (L964) demon-

strated decreased milk Mo levels in response to S supplementation

of Mo containing diets; however the level of S supplementation

(3.0 g kg-l) used to elicit this effect was several fold greater

than the difference in S content (0.7 g kg-l) of the dairy cow

diets relative to diets fed in the beef cow-calf triat.
Mitk yield and fat corrected milk yield were not influenced

(P > 0.05) by supplemental Mo and/or Cu (lable 25). No differ-
ences were observed (P > 0.05) for constituent production with
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the exception of daily milk Mo production (P < 0.001). Milk Mo

excretions represented approximately 2% of daily Mo intake for
cows fed non-Mo supplemented diets and represented O.7"Á for cows

assigned to +Mo and +Mo+Cu. There was a diet by week interac-
tion, (P < 0.01 ) for daily milk Mo excretions. Milk Mo

excretions decreased from 2.62 to L.79 mg ¿-1 following Cu sup-

plementation of the diet of cows receiving Mo supplemented feed

(Appendix table III-10). Milk Mo excretion during this four week

period represented o.5% of Mo intake. The reduced dairy Mo

excretion in mirk was the result of a. decline (P < 0.001) in mirk

Mo concentrations (Appendix table III-15).
Feed efficiency for milk production, determined weekly over

the eight week study, was not influenced (P > 0.05) by cu and/or

Mo supplementation (Table 26). Feed required per unit fat cor-

rected milk produced was influenced (P < 0.08) by treatment, cows

fed +Mo for eight weeks were less efficient than the other three

groups of animals. Cows fed a Cu supplemented, high Mo diet
(+Mo+Cu) had similar feed efficiencies to cows fed low Mo diets.

Estimated net energy retention (Table 27 ) for these midlac-

tation dairy cows were reduced in the last four weeks of the

trial. This drop is rerated to the weight losses recorded (p <

0.01) for these cows. GeneralIy, dramatic weight losses are not

experienced for midractation cows. Reduced feed intake (p <

0.01) in the last two weeks of the trial may account for some of

the losses. Differences in gut fill may have been a factor in
the body weight changes recorded. If that was the case then the

assumption that body weight changes were associated with fat mo-



Table 26: Influence of molybdenum andfor
tation on feed intake and feed
tation Holstein-Freisian cows.
sE.

L70

in copper supplemen-
efficiency of midLac-
Least square means +

ÎREATMENT

II III IV SE

32 32 32 28

77 .8 L7 ,6 18. 5 L7.9 +

4.5 5.0 5.2 4.7

5.04 b.6a b 6. 1b S.2a + O. B

I

D.M. intake,
kg d-r

Number of
Observations

Feed efficie
kB, D.M. kg-
mi lk

Feed efficie
kB, D.M. kg-
FCM

5.2

Î"Y'
+ 0.3

Î"Y'

a b Values in the same row with different
significantly different, & = 0.10.

superscripts are
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TabLe 27: The effect of rnlybdenum and/or copper supplernentation on
estfumted energy retention for lactating Holstein-
Friesian cows.

I{eek Treat¡nent Diet
Milk energy
Mr d-l T

Body tissue
gain or loss

¡d.r fl +

Net energy
retention

¡á.1 f1 S

Ito4 I

II

III

IV

StoB I

II

III

IV

BasaI

BasaI

+Mo

+Mo

BasaI

'lCu

+Mo

+Mo+Cu

80.1

70.8

7L.7

77.4

77.3

66.8

65.9

68.6

15. 1

7.O

5.5

{.5

-15.3

-11.8

-22.5

-18.7

95.2

77.8

76.6

76.9

62.O

55.0

43.4

49.9

T catcutated from reast square rÞans for daily rnilk fat, protein
Iactose production using energ,y values for each com¡ronent of 38
23.7 and 16.5 J g-r, res¡rectively (Van Soest, \982).

t gased on the assumption on that the energy varue of body weight gain
or loss is Zl [[J Xg-l (ARC, 1980)

S Srnn of milk energy production and body tissue energy change.

and
.5,
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bilization is invalid. However, the data presented in Table 27

suggest a tendency for lower net energy retentj-on for cows fed

the +Mo diet in weeks 5 to I compared with cows in the other

three treatment groups. This occurred despite the fact tlnat co\rys

fed +Mo during that time period tended to have a higher daily
feed intake (17.8 kg D.M. d-1) than cows fed basal (17.4 ke D.M.

d-1), *Cu (16.5 kg D.M. d-1) and +Mo+cu (16.8 kg D.M. d-l) diets.

Discussion. Actuar intakes of corn silage, hay, concentrate and

supplement and the nutrient analyses of these dietary constitu-
ents were used to determine mineral content of the basal, rCü,

+Mo and +Mo+Cu diets used in this study (Table 6). The level of

Mo supplementation used was similar to the 20Mo diets used in the

two earlier studies (Tables 3 and 13). The S content (2.t g kg-1

D.M.), however, was higher than that found for the beef cow-calf
(1.3 g kg-1 D.M. ) and the ewe-lamb (L.4 g kg-l D.M. ) diets.
Therefore the predicted Cu absorption coefficient (equation 1,

Suttle and Mclauchlan, 1976) for the +Mo and +Mo+Cu diets in the

present trial feII between predicted values for ttre 20Mo diets
and the 40Mo diets of the two earlier studies. Based on the di-
etary S level, predicted Cu absorption coefficients were 0.04 and

0.01 for diets containing no

Mo, respectively.

Copper concentrations in
similar to the concentrations

lier studies. The level of

based on estimated available
dicted Cu absorption coeff

added Mo and 20 mg ke-l D.M. added

the non-Cu supplemented diets were

in the diets used for the two ear-

Cu supplementation for +Mo+Cu was

Cu requirements of cows and the pre-

icient with the objective that Cu
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requirements would be met for cows fed +Mo+Cu. Initial mean body

weight and milk production of cows used in this study were 5gs :
7 kg and 26.8 + 0.7 kg d-1, respectively. The estimated avail-
abre cu requirement was 6.8 mg cu ¿-1. The +cu diet served as a
control for +Mo+cu. Analysed cu content in the +Mo+cu and +cu

dÍets were higher than levels for which they were formulated (40

n$ kg-1 D.M. ). It is felt that this did not interfere with the

objective of this study.

cows consuming the basar diet in weeks L to 4 had an esti-
mated 4.8 mg available Cu per day. Cows consuming +Mo in weeks 1

to 4 consumed an estimated 1.5 mg avaitable cu per day. These

calculations suggest daily requirements for available Cu were not

met for cows in aI I treatment groups during the first four weeks

of the trial and th'at the rate of body Cu deptetion was greatest

for animals fed the Mo supplemented diets. Estimated available
cu i-ntakes for cows fed basal, +cu, +Mo and +hlo+cu diets in weeks

5 to 8 were 4.6, 31.0, L.4 and 10.8 mg 6-1. Therefore cows fed

the +Cu and +Mo+Cu diets were predicted to meet daily Cu require-
ments during weeks 5 to 8.

This calculation of adequate Cu intake for cows fed +Cu and

+Mo+Cu was supported by the observed changes in liver Cu concen-

trations, but not by prasma cu parameters. The calcurated cu

balances for this and the two earlier studies are meant to de-

scribe metaboricarly avairable cu. copper bound to Mo-s com-

plexes can accumulate in the body because the animal's abj-tity to
excrete these compounds rnay not equal their rate of appear-

ance systemically when high Mo and S diets are fed (Bremner and
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Young, L978; Hynes et àr., 1984). Plasma TCA-soluble cu did not

reflect the estimated cu barance. rt nay be that a prasma TcA-

soluble Cu response does not occur until some critical levet is
reached, whi-ch may be associated with rate of liver Cu release

for Cp oxidase synthesis. If this is so, studies of a longer

duration may be needed to use plasma TCA-soluble Cu as a cri-
terion for Cu balance.

The appearance of a TCA-insoluble fraction in the present

study suggests that rumen conditions (rumen retention times, ÞH,

etc., Laurie and Clarke, 1980) were more conducive to metabolic

interactions between Cu, Mo and S or the basal level of S in the

Mo supplemented diets was sufficiently high to encourage the

metabolic interactions of Cu, Mo and S. Thiomolybdate formation

was not apparent for the ewe-lamb trial and inconclusive for the

beef cow-calf trial
Thiomolybdate production in the rumen may be suggested to

account for the low Mo absorption, as determined from plasma,

liver and milk Mo concentrations in the present study relative to

the beef cow-calf and ewe-lamb trials.
Dairy cow performance parameters, which included dry matter

intake, milk yield and composition and body weight changes were

not affected by supplemental Mo and/or Cu.

Animals fed +Mo+Cu (weeks 5 to 8) were similar to cows fed

non-Mo supplemented diets in terms of plasma Cu and Mo concentra-

tions but not plasma Cu distribution.

The effect of Cu supplementation in high Mo diets on produc-

tion performance of lactating cows was not conclusive. High Mo
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diets in this trial did not reduce milk production, however it
did reduce feed efficiency for 4% FCM production and appeared to

result in a lower net energy retention of feed energy relative to

cows fed non-Mo supplemented diets. Addition of cu to the high

Mo diet (+Mo+Cu) improved feed efficiency for FCM and resulted in
internediate values for calculated net energy retention (Table

27). As for the beef cow-calf and ewe-lamb trials, the adverse

effects of high Mo diets did not appear once animals had become

cu deficient (defined by plasma and river cu parameters). Also,

despite significant reductions in liver cu revels (p < 0.0b) and

plasma cu levels (P < 0.07), cows fed the basar diet had a better
feed efficiency than the cows fed +Mo.

These data suggest that adverse effects associated with
feeding high Mo diets to lactating cows are associated with toxic
ef f ects of mo l ybdate and / or lvf o comprexes rather than a

conditioned hypocuprosis.
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CONCLUSIONS

Beef Cow-CaIf and Ewe-Lamb Trials
The cow-calf trial was designed to determine whether high Mo

levers (2o and 40 mg kg-l D.M. ) in the diets of ractating beef

cows would affect 1 ) the productivity and 2) the Cu and Mo status
of the cows and their suckling calves. the ewe-lamb trial $'as

designed to 1 ) provide comparative data on the effects of high

dietary Mo content between cattle and sheep and 2) further inves-

tigate the effects of these diets on lactating ruminants and

their offspring. The following conclusions were drawn from the

two trials:
1. Prasma cu parameters of cows responded more readiry to
j-ncreased dietary Mo concentrations than for ewes when fed

similar diets.

Lactating beef cows fed a corn silage and barley based diet
containing 5.8 mg cu, 1.3 g s and either 0.6 (O[fo) or 19.3 (20Mo)

mg Mo kg-l D.M. had similar rates of decline over time for plasma

Cu and TCA-solubte Cu concentrations and for plasma Cp oxidase

activities. The rate of decline was significantly greater for
these three parameters when dietary Mo levels s'ere increased to
34.8 mg kg-1 D.M. (40Mo). The percent of totar prasma cu that
was TCA-insoluble was greater for the cows fed 40Mo than for the

other two groups.

Ewes fed a. similar ration containing 4.g mg Cu, 1,4-1.5 e S

and either 0.9 (0Mo), 18.4 (20Mo) or 4O.7 (40Mo) mg Mo t<g-l D.M.
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had similar changes in plasma cu parameters during the triat.
The potential effects of body weight loss on plasma and

Iiver Cu concentrations of lactating animals were discussed.

2. MiIk production of beef cows was more responsive to dietary
Mo levels than for ewes fed similar diets.

fncreasing diet Mo content of beef cows to 34.8 mg i.g-1

resulted in a more rapid decrine in daily nirk yierd than for
cows fed the same diet with 0.6 or 19.3 mg Mo t g-1 D.M. Diet Mo

concentrations up to 40.7 mg kg-1 D.M. fed to ewes for six to

seven weeks did not affect their milk yield relative to ewes fed

0.9 or 18.4 mg t<g-l D.M.

3. Milk fat, protein and lactose concentrations were not

influenced by dietary Mo concentrations as high as 84.8 ng ke-l
for beef cows and 40.7 mg t<g-l for ewes.

varying levels of dietary Mo did not influence the fat,
protein, lactose or copper content of milk produced by cows or

ewes. Milk Mo concentrations, however, increased with increased

diet Mo concentrations. Cows and ewes fed no supplemental Mo

produced milk with similar Mo contents; the means being 0.10 and

O.L4 mg L-l, respectively. Cows and ewes produced milk
containing 0.51 and 1.53 mg Mo L-l, respectively when fed 20Mo

diets and 1.19 and 2.69 mg Mo L-1, respectively when fed 40Mo

diets.
4. MiIk excretions of Mo were greater for ewes than for cows

fed similar diets.
Ewes excreted a greater percentage (15.5 vs. 6.9%) of daily

Mo intake via milk than did cows. Also, ewes and cows excreted a
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greater percentage (28.0 vs. 6,8%) of dairy Mo intake when fed

OMo diets than when fed Mo supplemented diets.
5. Feeding high Mo diets to laciating ruminants will result in
increased plasma Mo concentrations in the suckling offspring.

Increased Mo concentrations in diets of lactating cows and

ewes did not influence plasma Cu parameters but did increase

plasma Mo concentrations of calves and lambs. Liver Mo levels of

lambs were not significantty increased by Mo supplementation to
the diet of ewes. The effects of Mo supplementation of the dams'

diets did not appear to influence liver Cu concentration of

lanbs, but tended to increase the daily fractional decline (p.

105) of liver Cu in calves.

6. The effect of Mo content in the diet of lactating cows and

ewes on growth performance of suckling calves and lambs were not

conclusive.

There was no treatment effect on the daily gains of calves

and lambs. However, a diet by week interaction for calf ADG

ref lected better gains by OMo calves than 20Mo and 4Olvlo calves

during 3 of 8 periods monitored (7 days per period).

Similar studies in which calf performance is monitored from

parturition through to weani-ng are required to obtain a better
estimate of the effects of Mo in the cow's diet on carf growth

performance as weII as other factors discussed above.

7. supplementing Mo in the diets of ewes caused a. high

incidence of thiamine deficiency.
Three of eight ewes fed Mo supplemented diets developed

apparent thiamine deficiency. Although the mechanism was

an

not



t79

determined, it was suggested that dietary Mo may alter microbial

activity in the rumen resulting in either reduced thiamine or

increased thiaminase production.

8. Estirnated feed energy utilLzati-on for production is reduced

when lactating cows and ewes are fed high Mo diets.
Cows fed the 40Mo diet and ewes fed 20lvlo and 40Mo diets had

lower estimated net energy retention based on milk production and

body weight changes than cows and ewes fed non-lvfo supptemented

diets.

Dairy Cow TriaI
The objectives of this trial were to 1) determine whether

increasing dietary Cu would influence any observed animal respon-

ses to high Mo (2o mg Lg-l D.M.) diets and 2) to obtain d,ata on

the effects of feeding supprementar Mo to cattle at a higher

production level than was observed for the beef cow-calf trial.
The following conclusions were drawn from the dairy cotrr triaI.
1. Increasing dietary Mo from 2.1 to 20.1 mg kg-l D.M. in-
creased plasma Cu and TCA-insoluble concentrations of midlacta-
tion Holstein-Friesian cows. Addition of Cu (4O mg kg-1 D.M. )

reduced plasma Cu concentrations.

2. Increasing dietary Cu from 6.1 to 44.0-51.2 mg kg-1 D.M.

resulted in a significant increase in liver Cu and a significant
decrease in liver Mo for lactating dairy cos/s fed either tow (2.7

mg kg-l D.M. ) or high (2o.2 mg kg-1 D.M. ) Mo diets.
3. Supplementation of Mo (20 mg Lg-l D.M.), Cu (40 mg Xe-1

D.M. ) or both in diets did not influence feed intake, fritk yield
or body weight change of midlactation Holstein-Friesian cows.
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However, feed efficiency for fat corrected milk production was

lower (P < 0.07) for cows fed the,[Io supplemented diet than for
cows fed low Mo or cu suppremented diets. It is suggested,

however, that the number of animals used and the time span of

this study were not adequate to be concrusive regarding the

effects of dietary Mo on animal productivity and on the ability
of supplementary cu to arreviate any of the adverse effects.
4. Milk fat, protein and lactose content were not influenced by

Mo and/or Cu supplementation of diets fed to nidlactation dairy
cows.
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For Appendix tables I-15 to I-18:

Trt 0

Trt 1

Trt 2

Period

refers

refers

refers

refers

to OMo

to 20Mo

to 40Mo

to week



Appendix lbble I-1:
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Experinental diet allocation and background
information for cows and calves used in the
beef cow-calf trial.

Experimental
Diet

Animat
Numbers

Cow Catf
Cow Age
(Years)

Age
(days)T SexT Sire breed

CaIf

OMo

2OMo

4OMo

JO
15

156
17

59
32
7L
86

40
55
54
84

69
42
51
70

166
28
43
27

23
19
29
18

2
3
I
4

M

F
M
F

M

M

M

F

M

M

M

F

32
ß
28
16

29
39
35
23

Selkirk
Selkirk
Si¡mental
Sinrnental

Selkirk
Selkirk
Sirnnental
Simental

Selkirk
Selkirk
Sirnnental
Sirrnental

2
4
I
5

39
34
35
L7

3
2

10
J

T e.ff age (days) on day 1 of the trial.
ffu-maIê,F-female.



Appendix Table I-2: Analysis of variance for cow
parameters for the beef cow-c4lf
squåres and degrees of freedoml¡.

plasm.
trial
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copper
(means

Source of
Variation: Diet

Antunal
(Diet) Ileek

Diet x
Week Error

Itern:

Plasm Cu,
rûg I;r

Cp oxidase-A 
min -1

(x103)

activily,
.5 ml-r

lCA-soluble Cu.
--1fngL^

ICA-insoluble Cu,
% topat plasm Cu
(x10")

L2.26L*
(2)

t.754*l
(2)

o.229
(e)

1.559
(e)

o.o79
(e)

o.149
(e)

0.051
(e)

o.o42***
(8)

0.519***
(8)

0.055***
(4)

3.970***
(4)

0.239***
(4)

0.015***
(16)

0.005
(72)

0.095***
(16)

0.029
(72)

uble Cu,

o.777**
(2)

1. 193**
(2)

0.154
(2)

o.L77
(8)

0.028
(8)

o.425
(36)

0.030
(36)

0.013*+
(8)

0.004
(36)

lEA-insol
--1mgLi

(xrO-r¡

T nigut." in parenthesis represent the degrees of freedqn for the
corresponding rnean squares.

T significant differences at: *o< = 0.0b, ** o4 - 0.01, ***.2< = 0.001.
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Appendix Table I-3: Analysis of variance of calf plasm and liver
copper ¡nrameters for the beef courycalf trial
(nrean squares and degrees of treedomï).

Source of
Variation: Diet

Animal
(Diet) Week

Diet x
IVeek Error

Cp oxidase activity,
ÂA min-r .5 ml-r
(xroz¡

f tern:

Plasm
(xrO-r,

Cu, mg ¡-1
o.322+
(2)

1.980
(2)

0.008
(2)

4,967
(2)

2.W
(2)

L.397
(e)

11.480
(e)

6.W3
(e)

6.769
(e)

o.9L7
(e)

0.593***
(8)

9.190***
(8)

5.L44**
(4)

74.729***
(4)

2.746**
(2)

o.o72
(16)

0.504
(16)

o.934
(8)

4,U\
(8)

0.101
(4)

0.108
(71 )

o.777
(72)

1.130
(35)

5.397
(35)

0.331
(18)

lCA-soluble Cu.
rng L-l Qlo-z|

ïCA-insoluable Cu,
% togat plasnq Cu
(x1or)

Liver Cu, .mg kg-l
D.M. (x104)

Ï nig*"" in parenthesis represent the degrees of freedorn for the
corresponding mean squares.

f signiticant differences at: * o< = 0.0b, ** < = 0.01, *t({<e< = 0.001.



Appendix Table I-4:
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Analysis of variance for milk yield and
composition for beef cows fed varying levets of
dietary Mo (mean squares).

Source of
Variation:

Degrees of
Freedorn:

Diet
Animal
(Diet)

I

Week

I2

Diet x
Ileek

L6

Error

¿
721

Mitk yield 72.L68 84.45o 5.143***+ 5.1s6*** L.Tgo

3.586 2.2L2 0.492*** 0.0g5 0.931

Fat corrected
milk vield
(xrozi

Butterfat
content

Protein content

I¿.ctose content

Copper content

Copper yield

Molybdenrm
content

Molybdenum
yield, (xfOZ;

24.659

0.017

o.o22

0.028

8.306

10.064

0.298

0.203

0.019

3.Æ6

14.040***

0.094t*

0.3g3***

0.010***

1.611***

0.508

0.o29

o.021

0.002

0.383

0.139*

0.108

1.891

0.025

0. 0198

0.001

o.2L9

o.072

o.088

10.256*** 0.1g9 o.z4L**

T.06** o.ßg 0.251**

T D.g"u"" of freedom for fat corrected nilk yierd and butterfat
content were 71.

T signiticant difference at: *4- = 0.05, ** -<= 0.01, **+ a<= 0.001.



Appendix Table I-5: Analysis of variance for body
average daily gains of suckigg
squares and degrees of freeAoml).
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weight and
calves (mean

Source of
Variation: Diet

Anim.l
(Diet) Ileek

Diet x
Week Error

Item:

Body^I{eight, kg
(x10r)

Average daily
gain, kg

2.269
(2)

0.103
(2)

3.O27
(e)

o,259
(e)

2.O27***l
(8)

0.006
(16)

0.015
(72)

0.085
(62)

0.173
(8)

0.168*
(14)

T Figures in parenthesis represent the degrees of freedom for the
corresponding mean squares.

T Signiticant differences at: * o<= 0.05, ** 4.= 0.01 , ***4. = 0.001.
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Analysis of variance for cow body weightgain and for calf liver Cu change in
relation to initial liver Cu content (mean
squares).

Source of
Variation:

Degrees of Freedom:
Diet

2
Error

I

Cow ADG, 
^kg (x 10-r)

CaLf liver
change (10-

Cu
5¡

L.825

2.999

41.108

L .629
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Appendix Table I-7: Analysis of variance for linear regressions
describing diet by tirne interactj_ons shown tobe significant (P < O.05) in the sptit- ptot
analyses (mean squares and degrees of free-
dmï¡

Source of Variation Diet Diet x lVeek Error

ftem:

Cow plasm. Cu

Cow TCA-soluble Cu

0.132***r
(2)

0.0g7**
(2)

7.75r***
(2)

1.611****
(2)

9.203
(2)

0.119t**
(3)

0.050*
(3)

12.594***
(3)

0.119
(3)

7.766**
(3)

Cow Cp oxidase
activity (x102)

o.026
(102)

0.019
(54)

1.891
(102)

0.106
(101 )

Cow nilk Mo

Catf liver Cu (x 104) o.494
(30)

T rig*"= in parenthesis represent the degrees of freedom for the
corresponding rean squares.

t sig+iricant differences at + 4 = 0.10, ** 4-= 0.05, *** 4 = o.o1,**** 4 = 0.001. 
----, v'vv,
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Appendix Table I-8: Analysis of variance for quadratic regressions
describing diet by tine interactions shown tobe significant (P < O.05) in the sptit ptot
gnalyses (nean squares and degrees of freedorn
T¡.

Source of
Variation: Diet

Diet x
Ifeek Ileek2

Diet x
IVeek2 Error

Itern:

Milk yield, kg d-1)
(OMo and 20Mo
cmbined) 7.8L2

(1)

Milk yield, ç ¿-1
(0Mo and 2OMo not
comlcined) 4.6L2

(2)

18.391
(2)

13. 163
(3)

6.003
(1)

L6.474
(1)

17.050
(1)

10.121
(2)

9.L96
(102)

9.40
(ee)

T Figur"s in parenthesis represent the degrees of freedom for
corresponding mean squares.
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Appendix lb.ble I-9: P1asm copper coneæntrations (me L-1) for beef
cows fgd varying levels of molybdenum for nine
weeks.Ï

gampling
Time

DIET
oMo 2OMo <lOMo SE

IVeek 1

Week 2

IVeek 3

Week 4

Week 5

lfeek 6

Week 7

I{eek 8

lfeek 9

SE

0.98

o.gv?

o,92å

0.914

1.014

o.gga

0.954

0.934

0.884

0.08

A

AB

AB

AB

A

A

AB

AB

B

0.84 A

0.80a b,

0.834, A

0.86a, A

O.92à, A

0.934, A

0.834, A

0.80a, A

O.7La, B

0.08

0.73 A

0.63b' A

0.54b, B

0.54b, B

0.49b, B

0.54b, B

0.41b, C

o.42b, c

0.3gb, c

0.08

0.02

0.02

o.o2

o.o2

o.o2

o.o2

o.o2

o.o2

o.o2

AB

B

T Each value represents the mean of four animals.

a - b Values in the sarne row with different superscripts are signifi-
cantly different, 4 = 0.05.

A - c values in the salne colunm with different superscripts are
nificantly different, oc = 0.05.

slg-
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appendix Tabre r-10: Pr4m. lcA-solubre copper concentrations (mg
¡-1¡ for beef cows fe{ värying levels of molyÞ
denum for nine weeks.I

gampling
Time

DIEtr
OMo 2OMo 4t0Mo SE

Week 1

Week 3

IYeek 5

Week 7

Week 9

g.3ga, A B 9.65a b, B 0.55b, A O.O2

9.72a, B C 0.6ta,B O.Bgb,B O,O2

0.864, A O.ZBa,A O.41b,B O.O2

O.7La, C 0.604,8 0.2gb,C O.O2

O.74a, B C 0.644,8 0.30c,C O.Oz

0.06 0.06 0.06SE

T Each value represents the rnean of four anirnals.

a - b Values in the sane rows with different superscripts are signifi-
cantly different, 4 = 0.05.

A - C Values in the same cohmns with different
significantly different, oC = 0.05.

superscripts are
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Appendix Table I-11: PIam. ceruloplasnin oxidase activity ( Á A min-1
L-r) for beef cows feS varying levels of molyf
denum for nine weeks.T

Sa.mpling
Tùne

DIET
OMo 2OMo 1l0Mo SE

Week 1

I{eek 2

Week 3

Week 4

I{eek 5

Week 6

IVeek 7

IT¡eek 8

Week 9

SE

67.3a, B

68.64, B

56.64, C

76.9a, A

71.3a, A B

71.04, A B

55.1a, C

67.2a, B

56.6a, C

6.6

6O.4a, A B

56.7a b, B c

M.ga b, B c

67.5a, A

65.5a, A

68.04, A

53.6a, B C

57.2a, B

48.84, C

6.6

44,9b' A

97.2b, A B

33.1b, B

36.4b, B

31.8b, B

30.2b, B

21.3b, C

24,Ob, c

19.3b, C

6.6

L.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

L.6

T Each value represents the means of four anifials.
a - b VaLues in the sane row with different superscripts are signifi-

cantly different, 4= 0.05.

A - c values in the sanþ colunn with different superscripts are sig-
nificantly different, cÉ = 0.05.



Appendix Ib.ble I-L2: Molybdenum concentrations (rg L-1)
produced by beef cows fed varying
dietary molybdemrm for nine weeks.

2r2

in nilk
levels of

Saqpling
Time

DIET
4t0Mo SE

Ileek 1

Iteek 2

Week 3

Week 4

I{eek 5

IYeek 6

lVeek 7

lïeek I

Week 9

SE

o,zra

o.Lza

o.Lza

0.114

0.134

o.o7a

0.084

0.034

0.054

o.o7

O.254'

0.364,

0.58b,

o.62b,

o.79b,

o.47b,

o.42b,

0.53b,

0.63b,

o.o7

A

A

AB

AB

B

AB

AB

AB

B

0.73b,

1.11b,

L.29c,

L.4TC,

L.&c,

0.90c,

L.34c,

L.52c,

0.93c,

o.o7

0.08

0.08

0.08

0.08

0.08

0.08

0.08

0.08

0.08

A

B

c

c

c

A

c

c

A

c

B

BC

T Each value represents the flþan of four anirmls.

a" - c Values in the så¡ne rows with different superscripts are signifi-
cântly different, € = 0.05.

A - c values in the sarne column with different superscri-pts are sig-
nificantly differetrt, { = 0.05.



Appendix Table r-13: Estimated nirk yierd (kg ¿-1¡ for beef cows
varying levels of molybdemrm for nine weeks

213

fed
T

Sa"mpling
Ti.lme

DIET
OMo zUMo ,ruMo SE

IVeek 1

I{eek 2

Week 3

Week 4

I{eek 5

I{eek 6

Week 7

l{eek 8

Week 9

SE

8.9 A

10.9 A B

L2.7 B

10.6 A B

10.2 A B

11.8 A B

10.4 A B

10.1 A B

10.7 A B

1.5

9.4

IO.7

10.6

11.9

L2.O

LL.2

Lt.7

9.8

9.5

1.5

10.5 B

9.2 AB

9.OAB

7.548

8.848

7.7 AB

8.448

6.2 A

7.2 A

1.5

0.7

o,7

o.7

o.7

o.7

o.7

0.7

o,7

o.7

T Each value represents the rnean of four a¡rirnals.

A - B values in the sa¡ne coltmn with different su¡rerscripts arenificantly different, o1 = 0.05.
sig-
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Appendix Tabte I-L4: Liver copper concentrations (ry ke-l D.M.) of
calves sucSing cows fed varying levels of
molybdenum. I

Sa.mpling
1fune

DIET
OMo 2OMo 4TOMO SE

Week 1

ITreek 5

2L6.O A

196.9a A

195.5 A 131.8 A L6,6

LBL. ù, A g4.gb, AB 16.6

SE

Week 9 135.34 B g3.ga b, B 46.8b, B 16.6

27.6 27.6 27.6

T Each value represents the mean of four animals.

a - b Values in the same row with different superscripts are signifi-
cantlY different, -€ = 0.05.

A - B Values in the same colwrur with different su¡rerscripts are sig-
nificantly different, {- - 0.05.
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Appendix Table r-15: Raw data for plasma copper paraneters
of colt's in the beef cow-calf trial.

cot{
NUMBER

t5
t5
l5
t5
t5
t5
t5
t5
t5
l7
l7
t7
17
l7
l7
17
l7
l7
36
36
36
36
36
36
36
36
36

t56
156
t56
t56
t56
t56
t56
t56
t56
27
27
27
27
2?
27
27
27
27
2A
2S
2A
28
2A
2A
28
28

TRT PERTOD TOTAL PLASMA
COPPER

( MG,/L )

TCA -SOLUBLE
COPP ER

(MG/L )

o. 83

o.7r

o. ez

o. 75

o. 56

o.72

o. sa

o.93

o.93

o. es

o.67

o.92

o,ee

o.72
o.8 t

o. 75

o. ss

o. 70

o. za
o. 46

o.40

o. sz

o.43

PLASMA CP
OXIOÀSE ACTIVITY

(¿AlMIN/L )

I
2
3
4
5
6
7
I
I
I
2
3
4
5
6
7
I
9
I
2
3
4
5
6
7
I
I
t
2
3
4
5
6
7
I
I
I
2
3
4
5
6
7
I
9
I
2
3
4
5
6
7
I

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
I
I
I
I
f
I
I
I
I
I
I
I
I
I
I
I
I

i.ot
o.94
o.93
o. 88
o.99
o.8s
o.98
o.93
o.87
o. 76
o.7 4
o. 76
o.88
o. 79
o. 86
o.84
o. 83
o. 84
Lr8
l.t7
Lfr
f .06
t. t7
I .42
1.12
L02
o.95
o.96
o. 90
o.86
o.82
t.07
o.85
o.84
o.9s
o.84
l. to
t.04
t.oo
l.o9
l.04
o. 98
o. 99
t.oo
o.92
o. 58
o. 59
o. s6
o.6 t
o. 73
o.70
o. 58
o. 58

o.72
o.63

65.8
66.8
58.O
79 .4
73.O
80. o
53 .2
62.2
61 .2
5t.8
5t.4
47 .6
64 .8
6s.o
62 .6
47 .4
64 .4
53 .4
a4 .4
a7 .2
63.8
93.6
77 .O
75.8
65.6
77 .6
6f .o
67. O
68 .8
s7.o
69.6
70. o
65 .6
54 .2
64 .4
50.6
82 .8
82 .6
68.2
89 .4
78.8
78 .6
79. O
70,8
68.4
4t.o
3r.2
35.6
38 .6
48 .8
44 .2
30.6
35 .8

68
o2

o
I

o.84
o. 73
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Appendix Table I-15--Continued

cot{
NUMBER

TRT PER¡OD TOTAL PLASMA
COPPER

( MG/L )

TCA - SOLUBL E

COPPER' (MG/L )

PLASMA CP
OXIDASE ACTTVTTY

(4A,/MIN/L )

2A
43
43
43
43
43
43
43
43
43

t66
166
t66
i66
t66
166
t66
t66
t66
t8
t8
t8
t8
t8
t8
l8
t8
l8
l9
l9
t9
t9
l9
t9
t9
l9
t9
23
23
23
23
23
23
23
23
23
29
29
29
29
29
29
29

o
I
I
I
I
I
I
I
I
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

54
o4
o2
o3
07
o4
!8
o3
oo
86
64
63
73
68
88
86
72
64
54
47
44
37
42
45
4l
29
32
2A
72
64
47
54
46
64
41
38
37
78
68
62
57
54
48
4t
42
43
95
75
68
63
5t
63
54

40
58
6r
6f
41
4A
34
30
26
22
25
23
22
t6
t6
l6
33
2A
25
29
34
29
2l
2l
t6
56
43
37
43
30

I
I
2
3
4
5
6
7
I
I
t
2
3
4
5
6
7
I
I
t
2
3
4
5
6
7
I
9
I
2
3
4
5
6
7
8
I
I
2
3
4
5
6
7
I
o
I
2
3
'4

5
6
7

I
I
I
I
I
f
I
t
I
I
I
t
I
I
I
f
I
I
I
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

o.4s
o.86

35
77
74
74
83
72
a7
63
73
57
40
38

o
o
2
8
o
I
6
2
2
o
I
6
I
I
4
4
4
I
6
o
6
4
6
6
4
6
o
2
I
4
4
4
o
6
4
6
o
8
6
6
6
4
I
4
2
4
I
2
o
o
o
I
I

o
o

a4
48

o.48
o. 38

o.2t
o.44

o. 70

o.79

o.7 4

o. 59

o.8 t

o. s¿

o. 26

o.3 r

o. zo

o. 50

o.46

o. se

o. 32

o. 45

o. ze

o. 30
o.6s

o. 45

o. ¿o

o.27
26

36
72

o
o

20
23
t6
58
50
47
47
39
4l
26
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Appendix Tabte I-15--Contlnued

cot{
NUMBER

TRT PERIOD TOTAL PLASMA
COPP ER

( MG/L )

o. 57
o. 45

TCA-SOLUBLE
COPPER

(MG/L )

o. 34

PLASMA CP
OXIDASE ACTIVITY

(ôAlMrN/L )

35.2
28 .4

2
2

29
29

I
9



Appendix Table I-16

cov
ÑUüBÉR

TRÏ PERIOO

data for nilk yield and
beef cow-calf trial.

composition for cows in

MI LK
PROlE IN

(7.)

HI LK
LACTOSE

(/.t

MI LK
MOLYBDÊNI'II

(MGlL)

III LK
COPPER

( HGIL )

MILK
FAT
(7,',)

Raw
the

OAÎLY ¡TTLK
PROOUCTION

(KG)

o. l4
o. l4
o.19
o.24' o.17
o.13
o.14
o. 14
o. ro
o.23
o.23
o. 30
o. 45
o.25
o.'19
o. 19
o. t5
o. t4
o.07
o.o7'
o. o8
o. 12
o. 08
o. o8
o. 09
o.07
o. 06
o. r8
o. r8
o. r8
o.24
o. 18
o. t8
o. o8
o. ro
o. 09
o. r9
o. r9
o.12
o. 07
o. 17
o. r7
o. 09
o-09
o. ro
o. ro
o. r3
o.12
o. r8
o. 12
o, l2
o.07
o. 05

o.24
o.22
O.l4
o. 12
o. t3
o.tl
o. io
o.oo
o. 06
o. r8
o. 12
o.lo
o.23
o. r5
o. 05
o. 08
o.04
o. o8
o.20
o-o7
o. l4
o. 07
o. o.
o. o5
o. 03
o.oo
o.oo
o.23
o. o5
o. rl
o.oo
o. r8
o. 08
o.09
o.o7
o. 04
o.25
o.3l
o. 49
o.25
1 .21
o. 64
o. 55
Q.77
o.6 f
o. 33

o. 63
o.69
o. 63
o. 38
o. 36
o.26

3.56
3.49
3.42
3.70
3.67
3.55
3.57
3.40
3.55
4.44
3. 75
3.52
3.64
3.88
3. 37
3.40
3. 58
3.5t
3-44
3.42
3.6 r
3. 84
3. 85
3. 59
3.50
3.5 f
3.4A
3.50
3.33
3.27
3.22
3. 35
2.90
2.99
3. 09

3.60
3.Q7
3. 35
3 -27
3.33
3. 20
3.1¡l
3.42
3 -67
3. 59
3.ar
3.8r
3.68
3.94
3.68
3.60
3.6t

7.70
a. ro
9.45
I .90
7.98
I .9.
7.92
7.9A
3.9r
3.94
2. 43
3. 9a
l. 3.
3.8 r
¡1.3!
3.50
4.04
1-O2
5.36
6. 37
7 .59
8.02
I .28
s. r8
5,5 r
6 .90
5.34
6. 99
7. 09
7.6 f
8.93
5. a5
7.71
5.21
5.26
5.67
8.37
7 -52
7.46
4.89
5. 73
7.63
6.97

5. 43
5.04
4.78
4.87
5.Or
3.12
5 ,2s
5.07
5.40
5-50
3-42
4.90
4.76
¿.96
¿.89
5. 07
5. 05
5. 28
a -47
5.40
4.23
5. 35
s.47
5.44
5.62
t. 54
3.60
5. 65
5. 34
5. rr
5. ro
5.36
5.08
5 .25
5. 52
5.63
5.65
5.92
5.23

5.49
5.23
5.3 1

5 -47
s. ta

¿.93
3.O2
5.33
5. 13
5. r9
5.40

4.97
6.42
7.20
7.03
6.9()
5.66
s.42

3.73

9. t4
r5.36
17.37
13.55
r4.99
t3.30
r1.63
r3.24
9.7r

FAÌ CORRECÎED
MILK YIELD

( KGIDAY )

2t .95
14.53
2i.63
29.45
14.25
24.21
t7-a9

7.98
11-27
11 .74
9.32

to. 45
ro.65
9.59

lo. 53
10. 12
6.76

to.30
13.a6
I I .O3
lo. 48
r2. r9
it.6¿
ro.8l
t1-72
6.83
6. 56
7.20
5.8 r
¿¡. AO
6.O¡¡
4.93
4.83
6.40

l¡t . 04
l5.4r
ra. ro
16.24
t5.06
t4.35
r5.50
r4.36
11 -73tt.64
t3.6a
r5.oo,t4.78
t5-6A
r5.79
t¡r.65
r3.39
9. ro

lo. 24
13 -27
12. 13
14 -2a
r6. 99
11.32
r5.68
12.34

r5
i5
t!
l5
l5
t5
t5
t5
l!
t7
1?
r7
17
17
17
17
17
17
36
36
35
36
36
36
3€
36
36

t!6
155
ts6
t56
r!6
r56
t56
t56
r36
27
27
27
27
27
27
27
27
27
2A
2A
2A
2A
2A
2A
2A
2A

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
1

I
I
I
I
I
I
t
I
I
t
I
I
I
'|

1

I

,|

2
3
4
5
6
7
a
9
I
2
3
4
5
6
7
I
9
I
2
3
4

€
7
I
9
I
2
3
4
I
6
7
I
9
1

?
3
4
r
6
7
I
I
I
2
3
4
5

7
a

r6.of
22.34
20.o4
t8. 18
!9.46
20.2Ê
17-16
18.71
6. 73
6. 50
5.50

5 .76
3.86
5. f8
¿. 46
€.43

f4. o8
ra. 55
21.53
24.98
24. 14
30. r3
23.21
17 .61
21 .13
r3.97
t9.8 t
2r.95

27.27
20.17
22.A6
15.42
1o.81
i2.ao

t-ú
ts
æ



Appendix Tabte I-16--Continued

IRl PERIOD FÂT CORRECIED
M¡LK YIELD

( KGIOAY )

MI LK
PROTE 1N

(%)

M¡ LK
LACTOSE

(%l

MT LK
MOLYBDÊNUM

(MG/L)

M¡ LK
COPPER

(MGlL)

l,l I LK
FÂT
(%)

coÍ
NUftIBER

DAILY MILK
PROOUCTION

(KG)

28
43
43
43
43
43
43
¡f3
43
43

166
166
r66
166
166
t€6
r66
r66
166
i8
t8
la
l8
la
t8
l8
f8
t8
l9
't9
t9
l9
t9
t9
.t9
l9
t9
23
23
23
23
23

23
23
aa
29
29
29
29

29

l\3
F
(o

I
I
I
t
1

I
I
I
I
I
!
I
I
I
I
I
t
I
1

2

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

2
2
2
2

2

2

2

Q.O7
o. 29
o. 26
o.2É
Q.27
o. 13
o.2r
o. r2
o. r6
o.20
o.f3
o. r3
o. r5
o.24
o.15
o. 15
o. o8
o. 12
o. 13
o. 12
o.12
o. l¿
o. r5
o. t2
o. ro
o. 07
o. 09
o.o7
o. 08
o. r2
o. ro
o. 09
O. 14
o. 09
o. r5
o.12
o. r6
o.12
o. r3
o. r3
o. r8
Q. 12
o. ro
o. 07
o. 07
o. 07
o.10
o. fo
o.o7
o. 07
o. 06
o. 06

4 .51 3.7 t
4.34 3.68
5.O7 3.79
8.O3 3.61
9.29 3.49
8.25 3.95
9.O2 3.38
8.54 3.72
8.2r 3.62
7.99 3.69
5.42 3.29
7.O8 3.22
3.67 3.50
7.6Ê 3.25
6.88 3 .7A
8.35 3.O9
6.09 3.64
5.16 3.54
7.06 3.43
2. 08 3.88
3. l7 3.74
5.75 3.84
6.36 3.84
5.93 3.a4
5.70 3.55
5.34 3.90
4. ao 3.67
5 -24 3.78
4.43 3.40
G.98 3.42
5.89 3.42
7 .a2 3.64
8.35 3.49
1 .7 1 3.67
9.41 3_23
6.59 3.35
5.42 3.48
1.52 3.41
4 .72 3.31
5 . 12 3.28
4.74 3.41
4.62 3.52
5.44 3.4A
5.35 3.58
3.77 3.57
4.06 3.44
4 . 11 3.56
5. ro 3.54
4.82 3,58
8. 19 3.56
6-96 3-6I
6.31 3.28
7.33 3.40

12.A I
8.45
9.80

t3.6A
19.17
14.41
r5.49
f8.62
f2.93
'12-24
9.26

lo.6t
6.56

12.4a
9.39

14.67
7.O7
6.29

13.87
9. 38
a. 07

t4.58
11.9r
12.74
12.O4
rl.13
9.58

1o.99
1o.58
t3.6t
7.77
9. r8

13.5f
3.09

13.36
8.08
6. Ol
5.3 r

10.21
10.26
8. 17
7.08
8. A6
9.81
4.76
6-5t

't 1- 15
ro.50
to-7I
13. t7
't5.49
r2.56
13 .45

t1.90
8.04
8.45
8.53

ro. 69
8.80
8.84

tl.oa
7 .93
7.66
7.Ê4
7.26
6.91
8.06
6.56
8.88
5.39
5.36
9.5 r

t3. r8
9.22

tl.55
8.80
9. aa
9.60
9.27
4.56
9 -27
9.4 t
9.41
6.06
5.84
8. r8
4.71
7.3A
5.82
4.96
8.46

8.79
7.36
6.48
7 .29
8. 16
4.94'6.46

lo- 97
9.02
.9.54
8.09

lo. 73

8.97

5.59
5.69
5.43
.4.97
4.74
5. 09
4.98

5.39
5.57
5.36
5.75
5.lt
5. 03
5. 15
4.96
5.25
5.27
5.53
5.50
5.39
5. ro
5. 10
5 -21
5. 16
5.39
5.25
5.43
5.52
5. s8
5. tl
5.08
5. 35
5.43
5.07
5.24
5.61
5.33
5.4 t
5. 03
5.26
5 .46
5.32
4 .98
5.57
5.76
5-03
5. 08
4.82
4 -70
4 .97
4. A6
¿aE

o.290
o.220
o-370
o.420
o. 570
o.4to
o. 390
o. 260
o. 330
o. 800
o.2ro
o.440
o.750
o. 950
o .900
o. 460
o. 500
o. 700
o. 750
o. 560
'I .490
r .560
1.720
2.47Q
o. 7ao
1.700
2.410
i. 150
o. 380
1 .270
I .4lO
r.o90
1 .760
o. 760
1 .350.t. t to
o. 890
o. 480
o.8 ro
o. 630
r .890
t. 160
o. 8so
1 .760
r . .170

o.817
't .4ao
o.870
1 .550
o.920
L t80
o.aro
o.530

9
I
2
3
4
5
6
7
I
I
I
2
3
1
5
6
7
I
9
I
2
3
4
5
6
I
I
9
i
2
3
4
5
6
7
I
I
I
2
J

4
q

6
7
I
I

3

5
6
7



Appendix Table I-16--Continued

cov
NUMBER

29
29

TRT PERIOD DAILY MILK
PRODUCTION

(KG)

FAT CORRECTED
MILK YIELD

(K'G,/DAY )

4. 18
7. t9

¡IT LK
FAl
(t')

frt¡ LK
PROTEIN

(%,

MI LK
LÂCTOSE

(%,

MI LK
MOLYBDENUM

( MG,/L )

o. 86

MI LK
COPPER

( MGIL )

2
2

5
5

53
50

3
3

46
40J

5.44
7.91

I
I 14

o9
o
o

2A
29

N
t\?a



Appendix Tabre r-L?: Baw data for plasma and riverin the beef cow-calf trial.
copper parameters of calves

CALF
NUMBER

32
32
32
32
32
32
32
32
32
59
59
59
59
59
59
59
59
59
7t
71
71
71
71
?l
71
71
7t
86
86
86
86
a6
a6
86
a6
86
40
40
40
40
¡¡O
40
40
40
¡tO
54
54
54
54
54
54
54
5¿

lRI PERIOD TOÎÂL PLASiIA
COPÞER

( MGlL )

1CÂ-SOLUBLE
COPPER

( MG/L )

o.75

o'.74

o. er

o. er

PLÀSMA CP
OXIDÁSE ÁClIV¡IY

(ôÂlMrN/L )

FRESH LTVER
COPPER CONTENT

( üG/KG )

84.41

39.94

71 .97

62 .68

2t.65

9.71
76.30

LIVËR COPÞER
coNTENl (Dri)

(l,rclKG )

35 r .92

r54.20

f5s.82
141.63

90.47

30t. r3

24 r .99

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
I
1

I
I
I
I
f
I
I
I
I
f
I
t
I
I
I

'I

3
4
5
6
7
I
I
I
2
3
4
5
6
7
I
9
I
2
3
4
5
6
7
I
9
I
2
3
4
5

7
a
9
I
2
3
1
5
6
7
I
9
I
2
3
4
5
6
7
a

1. ro

o. ze

o. sg

o.5 r

o. ¡e

o. ¿g

o.64

o.72

o. e¿

o. 53

o. ze

o. ee

o.6 r

o. zg

o'.G'l

59.4
52.4
49.8
47 -6
47 .8
41.4
48 .8
49.6
42.2
77.O
88.O
72-2
62.O
55.8
37.8
49.4
59.8
60. a
44.O
27.4
44.O
4t.8
38 .8
29.6
44 -2
32 .6
7G.4
65.O
49 .8
52.6
56.2
¿¡8.6
52.8
55.O
55-o
46.4
55 .6
41 .6
70.8
58 .4
49. I
54 .8
50. s
47.2
84 -4
8r.8
60. 2
64.6
57 .6
60. I
53.2
61 .4

1 .O7
o.83
o. 73
o.66
o. 66
o.76
o.72
o. 68
o.7 t
t.o4
r.o3
I .3r
l.oo
o.82
o. 66
o.8 r
o. 68
o.82
o. 83
o. 62
o. 54
o.5 f
o.6l
o.60
o.60
o. 57
o.17
o.9 r
o.90
o.75
o.74
o.a2
o -74
o. 89
o. 67
o. 79
o. 67
o.74
o.62
o. 88
o. 78
o.73
o.96
o .71
o. 69
l.or
1 .O7
o.85
o.87
o.85
o.94
o.93
o. 86

6t
97

70
70

o.4l
o. s9

o
o

65
51

o
o

o.6 r
o.a7

12

2C.42

o
o

l¡1.81
37 .72

58.29
l¡16. to

r38.32
224.32

32.77
57.46

46.63
38.52

71
oo

35

8B
60

88

38.57
342.47

f\3
t\)
H

229.59



Appendix Table I-17--Continued

CÂLF
NUilBER

54
55
55
55
55
55
55
55
55
55
84
84
a4
81
84
s4
84
81
a4
42
42
42
42
42
42
42
42
12
5l
5t
5t
5t
5f
5l
5l
5l
5t
59
69
€9
69
69
69
69
69
69
70
70
70
70
70
70
70

o. 78
o. 95
o.76
o. 68
o. 59
o.6 r
o. 66
o. 76
o-67
o. 73
1.14
o.97
o. 83
o -77
o.97
o. 75
o.87
o.77
o.66
o.82
o.70
o.70
o.6l
o.66
o.62
o. 54
o. 48
o.65
o. 83
o.76
o. 75
o.'12
o.65
o. 79
o.99
o.79
o.79
1 .O7
o. 88
o.96
t.o8
1. 19
o. 89
1 .12
o. 89
o.86
o.91

o.63

o. sg

o. ¿s

o.67

o. aa

o. ss

o. ¡a
o.63

o.et

o. s¡

o. ge

o. gz
o. 6a

o. rg

o. ss

o. za

o. co
o. 85

o. as

t .lz
o. rs

o. zo
o. 64

¿t6.8
66.O
73.2
45.O
41.4
43.O
53.O
39.4
so.8
52. O
93. O
74.4
63.4
64.2
't1.2
59.6
41.6
61.4
49 .6
63.4
60. 4
4.O

47 -2
46.4
50. 6
29. I
36.6
29.4
59.2
54.6
47 .2
44.4
42.2
50. 4
44.2
58.8
46.O
94.8
73.2
69.6
a7. o
44.8
77 .O
65.8
70.2
64.2
70. o
46. a
49.8
58.8
50.8
51 .4
38.6

67.5 r
s1.24

lNI PER¡OD TOTAL PLÄSMA
COPPER

( ilG/L )

TCÂ-SOLUBLE
COPPER

( ilclL )

PLASI'Â CP
OXIDASE ACTIVITY

(ô 
^/ì[tN/Ll

FRESH LIVER
COPPER CONÍENI

( MG/KG )

LIVER COPPER
CONTENT (OM)

( ilc/Kc )

9
I
2
3
4
5
6
7
I
9
I
2
3
1
5
6
7
I
I
I
2
3
4
5
6
7
8
I
1

2
3
4
5
6
7
I
I
1

2
3
4
5
6
7
I
9
I
2
3
4
5
6
7

I
I
I
I
I
I
I
I
t
I
t
I
I
I
I
1

I
1

I
2
2
2

2
2

2

2
2
2

2

2
2
2
2
2
2

2
2

2

2
2

2

l03 . oo
r40. o8

28.5r
34.38

27.27
32.53

20 -79
r3.os

ros.92
r39.43

84.45
60. 4A

65
68

o
o

o
o

s4.92 233 -72

43.20 174.12

8.66 33.58

66
49

r8.26
144.34

29.42 t2t.56

r.r8.03

92
o2

75.30
231- 15

44

t8
37

29.62

7
3

7S
56
74

a2

o
o
o
o
o

N
t\)
N]

o.74

o. sz

17.21 6G. 18



Appendix Table I-17--Continued

CALF
NUI'BER

70
70

lRI PERIOD ÎOTAL PLASIIA
COPPER

( ilc/L )

o.86
o.62

TCA-SOLUBLE
COPPER

(ritclL)

o.57

PLASIIA CP
OXIDASE ACTIVITY

(ôalMrN/L)
FRESH LIVER
COPPER CONTENÎ

( IrclKG )

I .17

LIVER COPPER
CONTENT (DM)

( nc,/Kc )

24,11
4
4

42
52

I
I

2

t\¡
N
(¡t



224
Appendix Table I-18: Raw data for body weight

average daily gains in
beef cow-calf trial.

and
the

CA LF
NUMBER

TRT PERIOD CÂLF
BODY WE IGHT

(KG)

A VE RAGE
DÂI LY GAIN

( KGlDAY )

14

o .42
o. 14
1.OO

-o .28
f .oo
o. 14
o .57
o .42

o.42

32
32
32
32
32
32
32
32
32
59
59
59
59
59
59
59
59
59
71
71
71
71
71
7t
71
71
71
86
86
86
86
86
86
86
86
86
40
40
40
40
40
40
40
40
40
54
54
54
54
54
54
54
54

80
87
9l

102
107
112
116
t23
r3l
48
5t
52
59
57
64
65
69
72
73
81
a7
94

loo
104
lro
117
123
55
62
68
74
80
83
85
90
99
59
62
70
75
7A
81
84
85
93
a2
87
94
98

t04
106
112
116

I
2
3
4
5
6
7
8
9
1

2
3
4
5
6
7
I
I
f
2
3
4
5
6
7
I
I
1

2
3
q

5
6
7
I
9
f
2
3
4
5
6
7
I
I
1

2
3
4
5
6
7
I

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o
'|

f
I
I
1

I
'|

I
I
I
1

I
I
I
f
1

I

f
o
I

o
o
o

1

I

57
57
71
71
57

14
71
42
42
42
14
14

oo

oo

1

o
1

o
o
o
1

o

I
o
o
o
o
o
o
I

14
85
oo
85
57
85
oo
85

oo
85
85
85
42
2A
71
2A

I
o
o
o
U
o
f

o.7l
o.71
o.57
o.85
o.2a
o. 85
o.57
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Appendix Table I-l8--Continued

CA LF
NUMBER

TRT PERTOD CALF
BODY WEIGHT

(KG)

AVE RAGE
DÂTLY GATN

(xc/e¡Y ¡

o. 14

o. 85
t. t4
o.7 1

o. 57
o.42
o.42
o.85
o. t4

o. 57
2A

54
55
55
55
55
55
55
55
55
55
84
84
84
84
84
84
84
84
B4
42
42
42
42
42
42
42
42
42
5t
5t
5l
5t
5t
5t
5t
5t
5t
69
69
69
69
69
69
69
69
69
70
70
70
70
70
70
70

I
I
I
I
I
t
I
I
I
I
I
I
I
I
I
I
I
I
I
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

I
I
2
3
4
5
6
7
I
I
!
2
3
4
5
6
7
I
I
I
2
3
4
È

6
7
8
I
I
2
3
4
5
6
7
I
I
t
2
3
4
5
6
7
I
I
I
2
3
4
5
6
7

r 17
7l
7T
85
90
94
97

loo
t06
ro7
65
74
80
84
89
97

t02
t04
l09
44
48
54
55
60
59
62
68
73
67
7t
a2
84
It
99

102.
l07
ll2
39
45
5r
5t
54
58
57
63
65
69
75
84
9t
97

r02
l08

oo
42
57
14
85
2A

28
7l

t
o
o
o
t
o
o
o

o
o
o
o

-o
o
o
o

2A
I
o
f
I
o
o
o

o
o
o
o
o

-o
o
o

85
85

o. 8s
I .28
r.oo
o. 85
o.7t
o.85

28
85
57
71
l4
71

57
85
14
7l
l4
42
85
71

oo
t4
42
71
7l
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Appendix TabIe I-18--Continued

CALF
NUMBER

IRT PERIOD CA LF
BODY l¡/E I GHT

(KG)

AVE RAGE
DAILY GAIN

( KG,/OA y )

70
70

7
7

2
2

o
o

I
I

I t3
118
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For Appendix tables II-14 to 22:

Trt 1

Trt 2

Trt 3

Period

refers

refers

refers

refers

to OMo

to 20Mo

to 40Mo

to week



Appendix Table II-1: Experimental diet allocation and
infortation of ewes and lambs.

229

background

Experirental
Diet

Tembing
Date

DaylMonthEwe I.anb
LAJnb
sex f

LAlnb
Birthweight

(ks)

T7
72

il
w

il
il

3
2

4
4

4
4

4
4

4
4

4
2

M

M

F
M

F
F

F
F

M

F

F
F

M

M

F
F

IU

M

M

F

M

F

F
F

il
55

67
68

42
43

61
62

7L
72

I
10

52
53

56
57

77
78

L5/3 15
16

23/3

25/3

3L/3 74
75

L4/3 11
L2

2L/3

"+/3

2/4

CIt{o

2OMo

40Mo

31

LM

47

11

51

52

æ

60

99

56

119

53

3.r7
2.95

4.M
3.t7

08
95

99
æ

08
54

w
il

&
85

54
08

08
æ

4.
4.

4.
3.

4.
4.

4.
4.

LL/3

23/3

2s/3

T M-male,F-fern¿le.

2/4
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Appendix Table rr.-2: Anirmrs on test at various sampling times in
the ewe-larnb trial.

Sa^mpling
1i-meT

Nurnber of Ewes
OMo 20Mo 4OMo

Number of La¡nbs
Ouo@

Initial

Ileek 1

Week 2

Week 3

It¡eek 4

IVeek 5

Ifeek 6

T Initiat sarnple was taken within 48 hours post lambing; weeks 1 to 6
refer to the first to sixth Wednesday thereafter.

4

4

4

4

4

3

3

4

4

4

4

3

2

2

4

4

4

4

4

4

4

8

8

8

8

I
6

6

I

8

8

8

t)

4

4

I

8

B

I

I
I

I
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Appendix Table II-3: Analysis of variance for body weight, body
weight change, feed intake and feed efficiency
of ewes in the ewe-l4rnb trial (nean squares
and degrees of freedornl).

Source of
Variation Diet

Eþe
(Diet) IYeek

Diet x
IYeek Error

Items

Body^weight, kg
(x10")

Bodywgight change,
kg d-r

D.M. intake,
kg d-r

D.M. intake, %

bodyweight
(10-+,

Feed efficiency,
kg Ð.M. intake
kg:r nilk

1.210***r
(6)

o.ß4
(5)

0.357
(5)

0.100
(5)

0.151***
(5)

4.151
(2)

o.299
(2)

0.389
(2)

o.272
(2)

0.049
(2)

6.080
(e)

0.571
(e)

o.582
(e)

o.N6
(e)

0.134
(e)

o,L49
(L2)

0.108
(10)

0.103
(10)

o,r27
(10)

o.o27*
(10)

o.L29
(47)

0.375
(3e)

0.087
(4L)

0.104
(41)

0.o09
(38 )

T figures in parentheses represent the clegrees of freedorn for the
corres¡ronding mean squares.

T Significant differences at * < = 0.05, *** 4 = 0.001.



Appendix Table II-4: Analysis of variance
parameters (mean square).
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or rumen fluidf

Source of Variation:

Degrees of Freedom:

Diet

2

Ewe (Diet )

6

I tems :

pH

TotaI yolatile fatty acids
( x102 )

Molar proportions:

acetate (xfO-3 ¡

propionate (xfO-2¡

isobutyric (x1O-4¡

n-butyric (x1O-3 ¡

iso-valeric (x1O-5 ¡

valeric (x1O-5 ¡

Acetate:propionate ratio
Mo content

o.397

9. 910

o.292

0.286

o.228

0. 554

o.944

o.642

o.767

L.O22*

o.225

3.263

o.759

o.229

0.511

o.662

o.219

o.925

2.086

o.726

T Significant difference at + .( = 0. 05.
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Appendix Tabre rr-5: Anarysis of variance for plasm and liver
parameters describing ewe copper and molybdçnum
status (mean squares and degrees of freedornT¡.

Source of
Variation: Diet

Ewe
(Diet) IYeek

Diet x
Week Error

Items:

P1asm Cu

lCA-soluble Cu

ICA-i-nsoluble Cu,
% Totar Plasna
Cu (x102) 1

Plasm Mo

o.L26
(2)

o.062
(2)

.010
(2)

0.856
(2)

7.519***
(2)

2.85
(2)

1.13
(2)

0.135
(e)

0.103
(e)

0.899
(e)

L3.429
(e)

o.428
(e)

o.72
(7)

o.52
(7)

0.078**T
(6)

o.073***
(6)

L.278
(6)

7.157***
(6)

r 327***
(6)

0.010
(L2)

0.006
(L2)

o.394
(L2)

o.324
(L2)

0.455
(L2)

0.0187
(48)

0.014
(46)

0.669
(4ô)

0.855
(43)

o.?A2
(43)

Cn oxidase
a-ctivity (d02)

(x102)

Liver Cu, Ð.M.
basis (dOb)

Liver Mo, D.S.
basis (xlOó)

T Figu"es in parentheses represent the degrees of freedom for the
corresponding mean qluares.

T significant difference at: *o< = 0.05, ** ç( = 0.01, *'**o< = 0.001.



Appendix lbble II-6: Analysis of variance for milk
con¡nsition for ewes fe$ varying
dietary Mo (means squares) I.

234

yield and
levels of

Source of
Variation:

Degrees of
Freedorn:

Diet
Ewe

(Diet) ïfeek
Diet x

Week

10

Eruor

375I2

ftems:

Milk yield,
kg 6-r

FCM yield, 
<

kg ¿-r (x10t)

Butterfat, %
(d0Ì)

Frotein, %

I-actose, %

Copper, rg kg-l

Copper, mg d-1

Molybdenum,. rng
kg-r (i[Or)

Molybdenum^ l€
d-r (d0¿)

0.996***

0.373

o.522+

o.2L7**

4.03**

o.4r

0.705

0.696

0.371

0.050

o.\27

1.003

L.34

o.247

0.187

0.118

3.630

o.277

o.278

0.164

0.o24

0.474

o.272*

0.120

0.157

o.228

o.L72

0.054

0.821

o.\2L

0.118

5.561 1.890* 0.492 0.559

3.690 1.545** 0.316 0.298

3.632*** 0.142 0.5b2**

2.900** 0.189 0.252

T significant difference at: *4= 0.05, ** o1- 0.01, ***A= 0.001.



Appendix Table II-7: Analysis of variance for plasna and liver pararneters Çescribing lamb copperrnlybdenurn status (nean squares and degreeJof freedcmT¡
and

Source of
Variation

Items:

P1asna Cu 0

Diet

60

Ewe
(Diet)

0.40*T
(e)

0.35*
(e)

L.37
(e)

Tamb
(Ewe(Diet) )

o.t2
(L2)

0.13
(L2)

2.?.8
(L2)

o.74
(L2)

0.04
(e)

4.58
(e)

Ifeek

1.64***
(6)

x
Ewe(Diet) Error

0.04
(63)

0.03
(60)

2.ffi
(5e)

o.7L
(62)

o.26
(63)

x
Diet

0.04
(L2)

0.06
(L2)

0.07*
(48)

0.og***
(4e)

2.83
(47)

o.47
(48)

1.3?***
(48)

i )2

TCA-souluble Cu

lCA-i¡soluble
Cu, % plasm
Cu (x102)

Cp oxidase
(xrO-2,

activity

o.62
(2)

1.88
(2)

2.ß
(2)

1.
(

*77**
6 )

9.60***
(6)

2.L7
(L2)

Plasra Mo

Liver Cu, D.M.
basis (xfOS,

Liver Mo, D.M.
basis (xfOl¡

36
t2

15
t

059*
2( )

ú
0.56"

(e)

2.40**
(e)

0.07
(6)

2.53
(6)

2.49**
(6)

9.26***
(6)

1.4L*
(12)

2.!7***
(L2))

L.52
(2)

8.29
(2)

T fig;,o"t in ¡nrentheses represent the degrees of freedorn for the corres¡ronding rnean squares.
t\?
C,¡J

C'l

T Signiticant differences at: * o<= O.05, **o< = 0.01, ***o< = O.0O1.
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Appendix Tabre rr-8: Anarysis of variance testing the effects of
ewe, ewe diet and tirne on average daily gain
and eslimated feed efficiency of larnbs (rean
squaresT¡

PARAMETER
Source of
Variation

Degrees of
Freedom

AIIì fU
(xrO-Z; <¿

(x10r ) I

diet

ewe (diet)

la.mb (ewe (diet)

week

diet x week

week x ewe (diet)

error

2

I
L2

5

10

39

51

o.564

1.561

1.\42

5.70g***

o.762

1.o77

o.&2

0.789

3.258

4.266

9.260**

o.ß7

1.843

2,O27

T significant differences at **çt = 0.01, {({({< 4= 0,001.

T ru is calcurated as one-harf dairy ewe mirk production divided by
average daily gains of larnb for that period.



Appendix TabIe II-9:

237

Analysis of variance for linear regres-
sions describing diet by week interactions
shown to be significant (p <
split - plot analyges (mean squares and
degrees of freedoml ).

Source of
Variation Diet Diet x l{eek Error

I tem

Ewe plasma Mg,
mg L-r (xlO-ø¡

Milk Mo, mg L-1

3. 533 ***+
(3)

0.003
(2)

o.227
(2)

L4.3L2***
(3)

0.267
(67 )

I,L79
(5e)

I Figures in parentheses are degrees of freedom for the corres-
ponding mean squares.

T Significant differences at *** a(= 0.001.
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Appendix lable II-10: Plasm. rrclybdenum (ry l,-1) for ewes fed varying levels
of dietary rmlybdentun for six weeks. least qluare
means.

Sa"mpIing
Tin¡eT

DIET
Mean + SE

Initial

Ileek 1

Week 2

I{eek 3

Week 4

Ileek 5

Il¡eek 6

Mean + SE

o.37

o.49

o.73

0.99

o.72

0.89

0.91

o,2l

3.æ

8.10

10.53

12.o2

TL.75

LO.97

0.45

7.27

L4.69

8.91

L2.LO

L9.N

L7.98

IL,IA +

A421+0 34

BC

3.77+1.6048

7.84+1.51 BC

6.81 + L.52 B

528.28 + 1.

10.68',+ 1.69 c

9.95 + 1.84 c

b2618.16 + l.Æb0.73 + 1.314

T rnitiar sample was taken within 48 hours post rarnbing; weeks 1 to 6
referring to the first to sixth Wednesday thereafter.

a - b Values in the sa¡ne row with different superscripts are significantly
different, = 0.05.

A - C Values in the same colunn with different superscripts are significantly
different, = 0.05.
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Appendix Table II-11: Milk molybdenum concentration (rng ¡-1¡ for e\{es fed
varying levels of dietary molybdenum. Least qluare
nÞans.

Sarnpling
Tirne

DIET
UMO 2OMo 40MO Mean + SE

Week 1 o.19 0.35 A 0.63 A 0.39 + 0.32 A

Ifeek 2 0.184 9.96a b, A 2.08b, B

Week 3 0.154 1.59b, B 1.7gb,AB 1.14+O"32A

IVeek 4 0.114 1.73b, B 2.g0b,B 1.38+0.B4AB

Ileek 5 o.L2à 232b, B 5.05c, C 2.5o + 0.4O B

Week 6 0.134 2.2Lb, B 4.43c, C 2.25 + 0.40 B

Mean + SE O.74 + O.24a 1.53 + O.27b 2,69 + o.27c

a - c Values in the same row with different superscripts are significantly
different, 4 = 0.05.

A - C Values in the same coltrm with different su¡rerscripts are sÍgnificantly
different, e1 = 0.05.

1.07 + 0.32 A



Appendix Table II-L2:
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I{eekIy concentration of plasma copper,
TCA-soluble copper and ceruloplasmin oxi-
dase activity for lambs sucking etves fed
varying levels of nolybdenum. Least
square means + SE.

Sampl
lime

+ng
T

Plasma
(mg L-

TCA-solubl
(mg L

Cu
1)

e
1

Cu Cp oxidase activitv-( A A min-l L-1))

Initial 0.39 + o.o5 A 0.31 + 0.05 A 22.4 + 5.6 A

Ileek 1 0.99 + 0.05 B 0.86 + 0.05 B 88.6 + 5.9 B

IVeek2 0.99+o.obB o.g2 +o.obBc BB.1 +5.88

I{eek3 L.Oz +0.058 1.00+O.05BC 96.8+5.88

I{eek 4 I.L4+ O.Ob B 1.OB + O.O5 B C 102.8 + 6.0 B

IÍeek 5 L.zO + 0.06 B 1.16 + 0.06 C LL4.2 + 6.7 B

Iteek 6 1.09+0.068 I.O2 +0.06BC 92.6 +2.08

T Initial sample was taken within 48 hours post
weeks 1 to 6 referring to the first to sixth
thereafter.

Iambing;
Wednesday

A - E values in the same corumn with different superscripts
significantly different, 4- = 0.05.

are
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Appendix lb.ble II-13: Plasm Mo concentrations lrng t-1) tor la¡lbs sucking
ewes fed diets containing varying levels of molybdenum.
Least square ¡nean.

Sarnpl
Tine

ine
T OMo 2OMo

DIET
4OMo Mean + SE

Initial 0.07

I{eek 1 o.L2a

Week 2 0.394

Week 3 o.zga

Week 4

o.o5 A 0.10 A o.o7 + 0.17 A

0.B3ab,AB 1.03b, BC 0.50+0.124

L.97b, C 3.38c, D 1

Z.C4b, C

0.86 B

1.68b, C 1.33 + 0.17 B

0.69 A B

+ 0.17 B91

At90.54 + 0.0.06

Week 5 o.03 o.45 A B O.TL AB 0.40+0.204

I{eek 6 0.05 o.49 A B 0.83 AB O.ß+0.21 A

Mean + SE 0.14 + O.zLà 0.88 + 0.284 b L.2O + O.Z1b

T rnitiar sampre was taken within 48 hours post ra.urbing; weeks 1 to 6
refeming to the first to sixth Wednesday thereafter.

a" - c Values in the same row with different superscripts are
different, 4= O.05.

significantly

A - D Values in the same colunn with different su¡rerscripts are significantly
different, & = 0.05.



242

Appendix Table II-14: Raw data for daily silage, concen-
trate and total dry matter intake of
ewes in the ewe-lamb trial.

E I{E
NUMBER

TRT PERIOD GRAIN INTAKE
( KG OM,/OAY )

CORN SILAGE
I NTAKE

(KG DM¿/DAY )

o.8 t
r. t7
| .45
r .52
I .27
r .62
I .34
I .42
I .46
t. t8
I .47
t .37
I .57
t .40
r .53
f .66
f .5t
1.21
t.09
r .20
t. r5
1.17
1.24
t .34
f .36
r .66
t .40
I .54
r.39

TOTÂL OM INTAKE
(KGIOAY )

ll
11
lr
ft
tf
tt
3l
3r
3f
3l
3t
3l
47
47
47
47
47
47
5l
5f
5f
5f
5f
5l
52
52
52
52
52
52
53
53
53
53
53
53
54
54
54
54
54
54
56
56
56
56
56
56
60
60
60
60
60
60

I
2
3
4
5
6
I
2
3
4
5
6
I
2
3
4
5
6
f
2
3
4
5
6
I
2
3
4
5
6
I
2
3
4
5
6
t
2
3
4
5
6
t
2
3
4
5
6
I
2
3
4
5
6

t
f
f
I
I
I
I
I
I
t
I
I
I
I
I
I
I
f
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
2
2
2
2
2
2
3
3
3
3
3
3
2
2
2
2
a

2

.22

.48

.55

29
50
23
27
37
3i
57
65
76
l4
l2
80
fo
47
4t
58
54
32
41
30
o3
o7

29
57
60
56
5t
62
41
52
50
5r
57
52

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

76
5f
50
42
54
43
46
49
5r
4C
53
6r
64
58

o. 34
o.62
o. 52
o. s3
o. 49
o.5l
o. 26
o. 49
o.77
o. 84
o. 82
o. 73
o.37
o. 48
o. 56
o. 70
o.59
o.54
o. 39
o.60
o. s6
O .44

r. ro
1.74
2.05
2.09
r.79
2.24
r.75
I .94
r .96
r .70
2.O4
r .89
f .79
f .88
2.08
2 -42
2.O2
1.72
L52
1.74
f .59
t .64
1.74
r .86
r .76
2.20
2.02
2. 1A
f .98

I

2
t
I
I
I
t
2
2
2

2
I
I
t
2
2
I
I
I
I
I

63
12
76
80
86
83
83
r5
53

96
98
28
t3
86
81
9t
59
51

98
94
54
48
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Appendix Table II-f4--Continued

TRT PERIOO GRAIN INTAKE
(KG DM,/DAY )

CORN SILÂGE
I NT AKE

(Kc oM,/oaY )

43
oo
12
44
lt

TOTAL OM TNTAKE
( KG,/DAY )

€ r{E
NUMBER

r .84
1 .55
r .55
2.08
f .59

I .89
2.29
2.63
3.1I
3. 12
2.94
t .76
2.22
2.23
2 .68
t .59
o.93

25

59
76
86

52
69
86

80
52
23

24
lt
38
67
58
88
o7
69

I
f
I
2
2
2
t
I
I
f
t
o

o .41
o. 55
o.43
o.64
o.48

88
83
37
55
64

37o
o
o
o
o
o
o
o
o
o
o
o

t
2
3
4
5
6
:
2
3
4
5
6
I
2
3
4
5
6

3
3
3
3
3
3
I
I
I
I
f
I
3
3
3
3
3
3

99
99
99
99
99
99

r04
l04
f04
t04
l04
l04
t19
f19
tt9
f19
119
lt9
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Appendix TabIe II-15 Raw data for plasma copper and molybdenum
parameters of ewes in the ewe-Iamb trial

EI,,E
NUMB E R

ft
3t
3t
3t
3t
3t
3t
3t
47
47
47
47
47
47
47
5t
5t
5t
5t
5t
5t
5t
52
52
52
52
52
52
52
53
53
53
53
53
53
53
54
54
54
54
54
54
54
56
56
56
56

TRT PER I OD PLASMA COPPER
(MG,/L )

TCA-SOLUBLE COPPER
( MG/L )

L08
o.98
o.85
f.to
l.o8
t. t9
f.38
t.03
o.87
o.77
o.75
o. 89
o. 89
l.o9
o. 56
o.93
o.88
o.80

CP OXIOASE
ACTIVITY
(a a¡u¡¡¿¡ t,
o. 0379
o. o382
o.04 lo
o.0420
o. 0390
o.0445
o. 04so
o. 0305

o403
o38 I
037 3
036s
o366

PLASMÄ MOLYBOENUM
( MG,/L )

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
2
2
2
2
2
2
2
1

2
2
2
2
2
2
3
3
3
3
3
3
3
2
2
2
2
2
2
2
3
3
3
3

I
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
t
2
3
4

l.o7
o.8 7
o.82
o.8 r

o.8s
o. 76
o. 70
o.70
o. 80
o.90
o. 78
f.3t
t.03
L08
t. t9
1.26
L22
I .42
t.35
o.82
o. 92

o.64
o.82

o.96
t.ol
o.95
o.98
o. 93
l. t5
I .20
o.75
o.8 t
L09
o.92
o.9 t
o.85
o.9 t
o.8 t
o.74
o. 85
o.76
o. 87
o.8t
I .36
t.07
I .22
I .29
t .30
1.30
I .37
f .38
o.92
l. t3
o.93
o. ?8
o.8 t

I
I
t
I
t
I
I
I
o
o
o
o
o
I
o
o
o
o

o.90
o.9 r
o.7 4
o.88
o.85
t.06
t.o4
o.70

o. 5s

1.77
o.98
o. 85
o.88
o. 04
o. 26
o.57
o.6 r

o. 56
o. 94
o.8t
o. 33
o. 40
o.56
o. 58
o.90
o.87
t,o4
o. 14
5.07
9.9t

12.69
f 6.25
l7 .67
t6. t5
o. 02

85
72
76

7
t5
l7

o
o
o
o
o

o
o
o
o
o
o

o. 0489
o. 0506
o. o586
o. 0576
o. 0664
o. 0284
o. 03so
o. 0238
o. 0259
o. 0303

o. 34
o. 39
o. 78
6.3t

t4.90
20.79
26.8 t
o. 09
o. 69
5.03
2.97
.l .8¡t
3.OO
2.97
o. t3
7.12

19.96
8.40

o8
o4
ol
lo
to
2A
68
o5
98
95
89
9t
93
o9
70
94
94
90

o254
0322
0329
0340
o367
0575

o. o44 I
o.o385
o. 0389
o. 04 ro
o. o383
o.o477
o.0629
o. 03 l2
o.0294
o. o29s
o. 0279
o. o289
o. 036 I
o.04tr
o.0270
o.03t8
o.0275
o. 0288
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Table II-1S-{ontinued

EWE
NUMBER

TRI PER¡OD PLÂSMA COPPER TCA-SOLUBLE COPPER
( MG/L ) (ilc/L)

CP OXIDASE
ACT I VI TY
(AAlMIN/L )

280
369
307

PLASMA MOLYBDENUM
( MG/L )

56
56
56
60
60
60
60
60
60
60
oo
99
99
99
99
99
99

l04
l04
l04
t04
l04
104
104
I t9
I t9
I r9
I f I
tt9
f19
I t9

5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7

3
3
3
2
2
2
2
2
2
2
3
3
3
3
3
3
3
I
I
I
f
I
I
I
3
3
3
3
3
3
3

70
38
t3
58
24
62

t
o
o
o
o
o
o

325o
o
o
o

oo
a7
94
88
85
92
93

o
o
o
o
o
o
o

o.92
o.7r
l.os
o.8l
o.76
o.77
o.92

0323
0358
0374

t3
22
20
o
2
9

o.55
o. 58
o.83
o.89
o. 46
o.88

o
7

t9
I

t6

1.24
I .22
1.42
1 .32
I .12

.r.06

o.o484
o.0428
o.04?8
o. 0439
o. 0437
o. 0439

o. 0306
o. 04 53
o.o343
o. 0296
o. o349
o. o387
o.0473
o. o349

o. 0332
o. 028 r
o.0372
o. o38 I
o. 0435

o.84
1.12
o.98
I .50
o.9 t
o.9 t
t. t6
o.93
r.02
o.90
o. 96
t.oo
t.07
1 .42

I
I
t
I
o
I

o
o
o
o
o
o
I
o
o
o
o
o
o
I

29
I

o3
o4
o5
t6
95
ot

75
90
92
94
90
87
t4
80
87
68
96
92
94
oo

6
7
6
3
4
2

78
88
54
68
36
7l
80



Appendix Table II-16: Ras data for milk
the ewe-Iamb trial.

yield and composition of ewes in

EYE
¡¡IJXBER

tl
tt
tt
tt
lt
l,l
3l
3t
3t
3l
3t
3l
a7
17
a7
a7
a,
47
!l
5t
3l
5t
5l
5l
s2
32

52
s2
53
!3
53
53
53
53
54
54.
31
54
54
5ó
56
5€
56
!€
5€
56
60
60
€o
60
60
60

III LK
YIELD
( KclolY )

IT LI(
PROIE ttf

all
II LX
LÂCIOSE

(f)
1FÎ ÞER¡OD II¡ LK

FAT
ta)
7.18
6. ¿3

1o.8.
7 .32
7 .19
8.30
6.7r
6.20
8. 12
7.25
5.83
..72
a.27
7.50
I .96
6 .83
8.6 t
8.21

t2..6
t3.80
lo. 58
8. la
7.75
7.81

10.27
12.70
tl.ls
ro.90

tl.s7
lo. 57
8.96
9. r8
7.22
c.35
9.08
9. r8
S.¿¡3
a.80
7.Aa
a,27
6.17
8.25
7.24
G. Ol
5 .96
5.38

lo. a¿
9.29

2.20
2.90
3.55
2 .95
3.07
3.27
2. 33
3. 02
3.Ol
2 .69
3.12
t.92
2..9
3. 17
2.as
2. 56
2.7.
L9r
..a3
2.80
2.9.
2.49
r .99
2. 08
a.a7
¡a.88
c. r8
5.rr

3.76
3.68
2.75
2.96
2.61
2 .93
2.67
2.63
2. 59
2.14
2.24
2.23
2.65
2.38
2 .65
2-24
2.53
2.25
4.20
3.46
1 .42

.I F¡T COPPECÎED
TILX YIELD

( Kc/o¡Y)

xl Lr(
COPPER

( r.c/Kc )

XI LK
T.OLYBDEM,II

( rclKc )

t
I
I
t
I
I
I
I
t
I
I
I
t
,l

I
I
I
I
2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
2
2
2
2

2
3
3
3
3
3
3

I

3
a
a

C

f
2
3
a
s
6
I
2
3
a
5
6
I
2
3
a
5
6
1

2
3
a
5
6
't
2
3
a
5
5
I
2
3
4
ß

G

I
2
3
a

6
I

3
a

€

3.34
3.95
7. 19
..!o
t1.67
3.a7
7.27
a.ot
a.E7
¡a.oo
3 .97
2.12
a. oa
a .88
..27
3 .64
.,63
3. rt

to. 9!
6.9r
5 .44
¡.03
3. ro
3.26
8.67

71.24
l2 . a¿¡
to..c

s.tz
7.30
a .96.
5.2r
3.9 r
3. 96
a .70
1.67
4.69
1.26
3 .53
3 .65
3 .63
3 .89
3 .93
2. 96
3.27
2.7'.i
8.50
6 ,20.

o.92
o. 73
o.69
o. a4
o.42
o. 38
o.a7
o. t7
o.30
o.25
o .23
o.2.
o.26
o. 85
o.66
o.39
o.27
o.2l
o. a9
0.65
t.2a
o.40
o.3a
o. 30
o. 39
t.o¡¡
o.52
O¡ 56

l. re
o.83
o. 5c
r,05
o.43
o. 38
o .25
r.03
o. 58
o.3a
o.47
o.3 r
o.38
o.69
o. 58
o. 65
o. 52
o.52
r .20
o.at
1 .25

o. !9
o..1
o. 35
o. rg
o.13
o. ta
o. 03
o.oa
o.06
o. ll
o.l6
o.09
o.ol
o. t2
o. 08
o. o8
o. to
o.l t
o. 39
o.62
l.a5
r .50
3,45
3. 15
o.69
L29
o. r3

"tto

5.7t
5 .48
6. Ut
9.88
6. ro
s .62
5.73
6.Or
6. 02
5.56
5 .83
6. ro

5.9¿
5 .92
c.20
6.29
5 .98
5.6A
¡a.Ot
6.OA
5.87
C.3¡¡
6.23
6 .83
5.9S
6 .20
u 
:o"

¿.!8
4.32
4.34
a.a4
a.10
5.Ol
¿r.89
a. l¡l
1.70
1.67
a.aa
¡1.3t
5. io
a -7a
a .30
5. Ot
a -77
5.a8
4.98
c.a1
a. ao
4.40
¡a .63
1,73
4.30
¡.83
3.96
5 .59

.oa

.9t

.¡o

.95

.66

.9¡.

.33

.ll

.49

.r5

.65

.63

.77

.43

.t2

.73

.94

.91
,o4
.07
.36

o
o
I
2
4
7
o
o
o
o
o
o
o
2
o

3

o
I
3

g
3
I
3
4
4

5
I
5
4

a
4
4
a
I
4
5
4
5,

3. X2
5.99
6.05
5, t8
5 .95
5 .62
5 .37
c.02
Êôt
6.32
6.11
5.89
s.47
5 .99
5 .9€
€.02
c. 17

5.65
5.80
4 .66

u
o8
43
s8
a1
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o5
C3
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3l
30
39
52
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62
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27
30
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Appendix Table II-16--Continued

MI LK
PROTE IN

(:/.,

HI LK
LÂCTOSE

(/.)

MI LK
COPPER

( HG/KG )

MI LK
MOLYBDENUM

( MG/KG )

MI LK
FAT
(%,

TRT PERIOD MI LK
YIELD
( KG,/oaY )

4% FAl CORRECTED
MILK YIELD

( KG/DÂY

EVE
NUMBER

99
99
99
99
99
99

't04
f04
t04
f04
l04
I o¿t
r't9
t19
119
119
tt9
l19

65
a2

12
to

o. r2
o.lf
o. 09
o. ro
o. 09
o.16
o. 84
3.41
I .85
3. 18
7 .43
2. 14

I
2
2
o

97
83
85
91

64
34
80

43
oo
82
45
35
46
70
96
7A
38
65
¿¿

o
o
o
o

o
I
o
o
o
o
o
o
o
o
o
o

5
5
5
5

5
5
4
3

57
7A
79
2G

4
3
4
4

9l
27
34
42

5
5
4
4
4
5
5
4
4
4
4
4

7
8
7
6

I
I
I
2
9
I
2
o
I
8
o
7

57
97
99
26

77
33
oo
f6
76
74
26
62
G2
67.
o9
77

85
o2

56

65
78
25
89

3
3
2
2

6
4
4
5
5
3
6
4
4
4
2
I

I
2
3
4
5
6
I
2
3
4
5
6
I
2
3
4
5
6

3
3
3
3
3
3
I
I
I
f
I
I
3
3
3
3
3
3

4.A7
5.66
5.57
5.95
6.12
5 .88
4 .83
5 ,96
5.90
6.39
6.2 r
6.06

40
ol
70
98
94
40
67
99
59
85
28
68

t4. t4
ro.30
'to. 02
11 .47
ro.92
6 .71

14.73
8. 17
8.56
8. 12
4 .30
2.95

53
9t
89
16
86
6l
58
to

¡.)
¡Þ{



Appendix Table II-I7: Raw data for rumen
ewe-lamb trial.

fluid parameters for the

Ew€
NUMBER

ll
31
47
5l
53
54
56
oo

t04
119

EWE
NUMBER

6
5
b
5
6
6
6

5
7

I
I
I
2
3
2
3
3
I
3

TRT PI{

N.BUTYRIC ACIO
(/.)

o. o794065
o.o19l193
o. 0566428
o.or25155
o. 076 I 770
o. 0589550
o. o73 r 367

o. 0780886
o. 0469033

IOÎAL VOLATILE
FATTY ACIDS

ÂCETIC ACID
(/.) PROPIONIC ACIO

('1,,

o. r34532
o.222597
o.127023
o.24297 I
o. 142373
o. I r9451
o.135335

o.1846r5
o. 129444

ISOBUTYRIC ACID
(%)

o. oo52 f 58
o. oo50 1 77
o. oo99737
o. oo52697
o. oo329s7
o. 0065506
o.oo4a257

o. oo52836
o. 0248099

40
6t
90
62
48
22
54

92
o7

1r1.200
rr5.590
106.280
106.268
106.200
129.760
93.2sO

o.7624 tO
o. 740375
o. 79 r 306
o.7368 l6
o.767420
o. 794929
o.770402

tl
3l
47
5t
53
54
56
99

t04
119

124.7o,o
55.220

ISOVÂLERÎC ACÎD
(/.)

o. 0096223
o. 0056233
o. oos 'r 750
o. oo 10633
o.oor4r24
o. oo90 f66
o.oo8150l

o. oor4763
o. o I 28577

o. 7 I 9658
o. 776 r 68

N.VALERTC ACID
(,%)

o. oo88 129
o.0,07267 1

o. oo98796
o. oo1 3645
o. oo93220
o.o110974
o. oo8 r sor

o.of 08780
o. oo94 r69

ACETIC : PROPI0NIC
RATIO

5.667 r I
3.32608
6.22963
3 . O32s3
5 .3902 I
6.65484
5.69255

3.898r5
5.97768

t\)

'Þ00
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Appendix Table II-t8: Raw data for ewe liver
copper and molybdenum con-
centrations in the ewe-Iamb
tria I .

EWE
NUMEER

TRT LIVER COPPER
CONTENT,DM BASIS

( MG/KG )

LIVER MOLYDBENUM
CONTENT,DM EASIS
( Mc/Kc )

ll
3t
47
5l
53
54
56

r04
119

322.29
390. 04
352 .7 4
455.93
449.6 I
354 .58
63 I .39
244.67
382.96

64
29
35
86
77
59
73
92
t3

5
5

to
57
74

7
44

2
23

t
I
I
2
3
2
3
I
3



250

Appendix Table' II-19 : Raw d,ata for
weight of ewes
ewe:lamb triaI.

body
in the

ET{E

NUMBER

tt
tt
tt
lt
It
ll
ll
3t
3t
3t
3t
3t
3t
3t
47
47
47
47
4'l
47
47
5t
5t
5t
5t
51
5t
5t
52
52
52
52
52
52
52
53
53
53
53
53
53
53
54
54
54
54
54
54
54
56
56
56
56
56

TRT PERIOD ET'E
BOOY 9ETGHT
(xc¡

79.3
77 .2
79.5
78 .5
76.8
74.A
74.O
65.3
65.8
63.O
63.2
59.4
6t.8
58 .2
69.4
68 .6
G6.5
63.3
65.7
68 .6
63.3
82.5
77.1
7t.5
66.9
65.5
62 .6
6l .6
77 .l
77 .5
79.7
75. 3
74.7

I
o
7
9
2
o
6
5
5
2
I
o
6
2
7
I
2
I
o

69.
70.
63.
60.
6t.
6t.
56.
92.
94.
90.
92.
96.
93.
9t.
68.
64.
64.
65.
67-

I
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
2
2
2
2
2
2
2
3
3
3
3
3
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Appendix Table II-f9--Continued

TRÏ PERTOD EI'E
BOOY WEIGHT
(xc¡

6s. o
6t.3
84 .6
82.O
75.O
zo.i

EWE
NUMBER

87. I
77 .7
64. I
7t.5
7t.l

90.5
85.9
84.O
85.2
87 .3
87 .5
87.5
86. I
84.O
79.2
80. o
79.7
65.5
69. I

6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
G

7

3
3
2
2
2
2
2
2
2
3
3
3
3
3
3
3
i
I
I
I
f
I
I
3
3
3
3
3
3
3

56
56
60
60
60
60
60
60
60
99
99
99
99
99'
99
99

l04
t04
l04
t04
r04
l04
t04
tt9
t9
t9
l9
f9
l9
l9



Appendix TabIe II-20 Raw data
parameters

for plasma
of lambs in

copper and
the ewe-lamb

252

molybdenum
triaI.

TRT PERTOD PLASMA COPPER
( Mc/L )

TCA-SOLUBLE COPPER
( MG/L )

o.62

CP OXIDASE
ACTIV¡TY
(¿AlMIN,/L )

42
135
7A
6t
99

t3t
t03
4l

t75
a2
74
88

too
127

I
56
40
41
3t
44
49
to
57
38
43
55
69
59

t3.4

PLASMA MOLYBDENUM
( uc¿¡ ¡

58

o2
58
25
24
o2
tt
88
o5
62
93
o4
oo
lo
o3
oo
oo
l2
l3
16
oo
oo
oo
oo
tl
22
'tI
o9
oo
o9
39
29
57
62

to
t5
52
a4
27
oo

t5
a3
4A
26
48

6t
42
8€

12t

12
74
67
60
8l

114

o
3
3
o
o
o

o
2
6
I
o
o

o
o
2
4
I
I
o
o
o
2
4
2
I
I
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
2
o
o

o. 07
o.49
L95
o.80

4
4
4
I
I
I

6
I
I
2
2
o

6
I
o
6
o
2
o
4
2
2
2
I
6
6
o
I
2
o
o
o
o
2
o
6
4
2
I
8
2
o
4
6
o

lt
59

o .47
o. 75
o.89
o. 73
o.96
I .33

29
61
72
68
97
12

o.f8
o.79
o-89
o.70
o.86
1.20

o
o
o
o
o
I

o
o
o
o
o
I

o
o
o
o
I
I
o

I
2
3
4
5
6
7
I
2
3
4
5
6
7
t
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
f
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4

3
3
3
3
3
3
3
3
3
3
3
3
3
3
2
2
2
2
2
2
2
2
2
2
2
2
2
2
I
'|

I
I
I
I
I
I
I
I
I
I
I
I
2
2
2
2
2
2
2
2
2
2
2

LÂMB
NUMBER

9
I
o
I
I
o
I

lo
to
fo
lo
to
to
to
tt
tl
ff
It
tt
tt
lt
12
12
12
12
12
l2
l2
t5
t5
l5
t5
f5
t5
t5
l6
t6
t6
t6
t6
t6
l6
42
42
42
42
42
42
42
43
43
43
43

2A
57
76
66
88
l3

s8
84
64
a7
l9
ol

o. 55
I .33
o. 87
o.69
o.86
1.23
t.07
o. 53
o.80
o.88
o.79
o. 93
o.95
I .22
o.20
o.7l
o.64
o.56
o. 54
o.60
o.69
o .22
o, 79
o.59
o.58
o.68
o.82
o.66
o. 26

43

ro

o.8 t
o. 76
o.99
o. 93
f.tt
o. t7
o.72
o. 54
o.6 f
o.59
o. 68
o. 59
o .21
o.63
o. 46
o. s2
o.60
o.82
o.64
o.2l
l. t9
o.72

f .ot

to
6
I

I
I
4
2
I

84
2l

I
o

o.8 t
t.o8
1.12

32
65
45
49

6.2
2.4

o
I
I
I

t .35
L20

ft
14
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Appendix TabIe II-20--Continued

IRf PERIOD PLASMA COPPER
( Mc/L )

l.â4

TCA-SOLUBLE COPPER
( Mc,/L )

I .38

CP OXTDÂSE
ÂcT lvl lY
(¿ Â/MIN/L )

13t.6

PLASMÂ MOLYBDENUM
( MG,/L )

o .47

L^t,tB
NUMB E R

o.22
o. ?4
?. t3
5.52
o.62
o.43
o.34
o. oo
o.87
¿l .98
I .54
o. 38
o.6l
o.89
o. 06
o. t5
o. 02
o. os
o. oo
o. oo
o. 06
o. 36
o.lo
o. ol
o. oo
o. 09
o.o I
o. 07
o.lo
o.l I
3. t3
I .92
o.85
o.93
o. 30
o. 16
o.50
I .58
o. 46
o. 76
t. t4
o.97
o.o I
o. ro
l.o4
L23
o.64
o.2t
o.22
o.oo

6
6
4
2
o
6
I
2
6
2
4
4
4
1
o
I
I
2
4
2
6
6
I

tt
60

23
7A
88

o
o
o
o
I
o
o
o
o

o. 33
o.75
o.90
o. 78
I .27
t. tt
o.98
o.3l
o.53
o.56
o.67
o.93
l. t3
o.86
o.24
t.oo
o.6G
o.78
I .54
L48
t .35
o. 28
l.o9
o.84
o.89
I.so
1.38
l.05
o.27
I .64
1.77
t .37
t .33
I .42
t .40
o.35
t.12
o.94
o.94
t. t8
t. t4
l.03
o.94
I .27
f.t9
l.09
t.t6
t. t8
t.03
o.7 I

5
6
7
I
2
3
4
5
6
7
I
2
3
I
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
f
I
2
3
4
5
6
7
I

2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
I
I
I
I
I
I
I
f
t
t
I
I
I
I
3
3
3
3
3
3
3
3
3
3
3
3
3
3
2
2
2
2
2
2
2
2

43
43
43
52
52
52
52
52
52
52
53
53
53
53
53
53
53
54
54
54
54
54
54
54
55
55
55
55
55
55
55
56
56
56
56
56
56
56
57
57
57
57
57
57
57
6l
6t
6t
6l
6l
6t
6l
62

80
23
85
90
22
45

7l
123
l06
79
tl
37
7t
54

47

72
r05
72
l2
86
64
80

t33
142
tt9
l2
9l

o.58
o.90
t .25
o.69
o.l7
o.88
o. 67
o.93
t .38
t .28
t .35
o. l7
o.95
o.82
o.7 4
I .32
o.96
t.06
o.27
t .65
I .64
I .26
t. t7
t.4t
L23
o. 25
t.o2
o. 97
o. 92
l.o8
t.o7
o.97
o.8 t
t.o5
o.95
l.06
o.83
l. t3

o.65

85.O
167 .8
152.2
94 .6
t6.6

149.O
t60.o
I t6.O
122 .2
127 .A
I to.8

t8 .6
?3.8
73.6

lo4 .6
1o9.4
94.O
82 .6
71.4

It3.8
80.8
97.4

to8 ,2
to8.8
83 .6
49.O
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Appendix TabIe II-20 --Continued

TRT PERIOO PLÂSMA COPPER
( MG/L )

o. 99
I .40

ICÂ-SOLUBLE COPPER
(ti{c/L )

CP OXIDÂSE
ÂCTIVITY
(aÂ,/HIN/L )

PLASMA MOLYBDENUM
(llc,/L )

o.19
o.89
I .75

oo
¿15

oo
oo
oo
o4
oo
oo
o5
oo
o4
oo
o2
o3
oo
o4
to
oo
22

77
t02
t30
168

2144
174
l8
42
89

l02
132
90

.42
21

o.82
l.os
1.22
I .53
2.05
l.or
o.32
o. 48
o. 84
o.99
I .30
o.99
o.92
o.25
o.46
o.93
I .30
l. tt
l.06
o.92
o. G3
I .33
t.4t

t3
39
38
63
oo
os
lt
oo
3l
49
t9
oo
o6
ol
oo
oo
oo
a2
74

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
2

o
o
I
I
o
o
o
o
o
t
o
o
o
o
o
o
o
o
t

8
4
2
1
o
6
6
6
o
1
2
6
4
4

2
4
2
2
4
2
I
6

o. 94
t.06
t .34
I .56
t .83
I .88
o.37
o.5 t
o. 83
I .o2
1 .38
l.os
o. 89
o.46

2
3
4
5
6
f
I
2
3
4
5
6
7
t
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5

2
2
2
2
2
2
I
I
I
I
I
I
I
I
I
I
I
t
I
I
2
2
2
2
2
2
2
2
2
2
2
2
2
2
I
t
I
I
I
I
I
I
I
t
I
I
I
I
3
3
3
3
3

LAI4B
NUMEER

62
62
62
62
62
62
67
67
67
67
67
67
67
68
68
68
68
68
68
68
7l
7l
7l
7l
7l
7l
7l
72
72
72
72
72
72
72
74
74
74
74
74
74
74
75
75
75
75
75
75
75
77
77
71
7f
77

93
135
123
I t7
87
48

t4 t
t46

l.l2
t.t9
o.9 r

o. 73
l.4t
I .11

28 .4
73.2
f o.2
94 .8

o.03
o, 25
2. l8
t .66

43
77
56
o5

o
o
o
I

o
o
o
I

.45

.88

.80

:o'
.44
.35
.22
,24
.05
.89
.oo
.25
.60
.09
.59
.32
,45
.23
.20
.91
.39
.65
.t9

t5.8
130.6
1t4.6
t t9.2
93. 2
77.2
75. o
27.A
50. 2

123.6
174.2
13t.o
I t8.4
1o7.4

9.4
71.2

126.2
t6t.8
97 .8

.35

.31

.to

.17

.oo

.34

o
t
I
I
I
t
o
o
o
I
I
I
I
I
o
o
I
I
I

8f
22
52
o4
60
26
24
tt
o9
8t
il
58
o7
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Appendix Table II-20--Continued

LAIqB
NUMBER

TRT P€RIOD PLASMA COPPER
(MG/L )

TCA-SOLUELE COPPER
( MG/L )

CP OXIDASE
ÂCTIVITY
(AA,/MIN/L )

PLASMA MOLVBDENUM
( MG/L )

o4
o7
22

77
77
7A
7A
78
7A
78
78
78

o.94
o. 86
o.27
o. 86
t. t7
o.96
t.o3
o.89
o. 82

3
3
3
3
3
3
3
3
3

6
7
I
2
3
4
5
6
7

o
o
o
o
o

o
I
o

75 .4
60.4
tt.2
73.O

to4 .8
t37.6
94 .4
86.O
54 .6

88
77
o9
7A
o4
54
tt
8l
67

o
o
o
o
I
I
I
o
o

97
98

44
o5
76
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Appendix Table II-2I. Raw data for lamb liver
copper and molybdenum con-
centrations in the ewe-Iamb
triaI.

LA[,IB
NUMBER

9
to
ft
l2
t5
t6
42
43
52
53
54
55
56
57
6t
62
67
68
71
72
74
75
77
78

EtiE TRT

99
99
5f
5t
3t
3t
52
52
56
56

t04
l04
tt9
It9
54
54
47
47
60
60
1t
ft
53
53

3
3
2
2
I
I
2
2
3
3
I
t
3
3
2
2
I
I
2
2
I
I
3
3

LIVER COPPER
CONTENT.OM BASIS

( MG,/KG )

226.88
147.O7
207. t3
f 26 .60

230.6 I
260. r6
256.21
2r5.8t
264.53
439.87
286.60
215.75
298.21
274.12

277 .09
292.75
437 .75
249.21

LIVER MOLYDBENUM
CONTENT,DM BASIS
( MG/KG )

3.84
7 .41
5.54
8.OO

16.90
4 .45
8.32
4 .44

lo. 90
12.75
4 .48

29.OO
3.74
I .83

.3.14
3 .92

12.97
7 .50
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Appendix Table TI-22: Raw data for lamb body
weight in the ewe-Iamb
trial '

LAMB
NUMBER

I
9
9
I
I
I
I

10
to
fo
fo
lo
lo
10
tt
tf
ft
tt
tl
1t
tt
12
12
l2
12
12
l2
12
15
'I 5
t5
t5
15
f5
t5
t6
f6
l6
l6
f6
f6
t6
42
42
42
42
42
42
42
43
43
43
43
43

EI{E TRT PERIOD LAMB
EODY I¡,E I GHT
(KG)

4 .80
8. 20
9.80

f1.90
13.80
t5.20

4 .80
8. ro

ro. 20
'I I .30

14.30

4. ro
6. ro
I .45

ro.50
13. to
14. 10
f5.40

99
99
99
99
99
99
99
99
99
99
99
99
99
99
5l
5f
5t
51
5f
5t
5t
5t
5t
5'l
5'l
5f
51
5t
3t
3t
3t
3t
31
3t
3t
3f
3t
3t
3t
3t
3f
3t
52
52
52
52
52
52
52
52
52
52
52
52

3
3
3
3
3
3
3
3
3
3
3
3
3
3
2
2
2
2
2
2
2
2
2
2
2
2
2
2
I
I
I
I
I
f
f
I
I
I
I
I
I
I
2
2
2
2
2
2
2
2
2
2
2
2

f
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
f
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
t
2
3
4
5

2 .90
4 .60
6.50
8.OO
9.50

10. 20
t1.20
2 .90
4.70
6 .70
I .40

fo. 20
10. 20
12.30
3 .60
3 .90
6.OO
7 .70
9.40

1o.40
t2.oo
4.30
5.20
7 .50
I .60

1o.90

3.20
3 .90
5. 30
7 .20
8.40
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Appendix TabIe II-22 --Continued

LAMB
NUMBER

43
43
52
52
52
52
52
52
52
53
53
53
53
53
53
53
54
54
54
54
54
54
54
55
55
55
55
55
55
55
56
56
56
56
56
56
56
57
57
57
57
57
57
57
6l
6t
61
6t
61
6t
6l
62
62
62

EWE TRT PERIOD

52
52
56
56
56
56
56
56
56
56
56
56
56
56
56
56

l04
t04
104
f04
t04
to4
t04
t04
t04
t04
t04
t04
104
t04
t9
t9
l9
f9
l9
t9
t9
t9
l9
t9
19
19

LAMB
BODY I,,E I GHT
(KG)

2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
I
I
t
t
I
I
I
t
I
I
f
I
I
I
3
3
3
3
3
3
3
3
3
3
3
3
3
3
2
2
2
2
2
2
2
2
2
2

5.O
6.5
4.7

t r.o
12 .2
t4.o
15.O
4.1
5.3
7.3
9.6

to. 5
12.O
13.4
4.9
6.O
7.9

fo.5
12.O
14 .2
14 .7
5.3
7.1
9.3

12. 1

13.3
t5.4
f7.3
4.5
5.2
6.5
4.4
9.O

to.7
to. 5
4.4
6.O
8.8

11.5
13 .4
15.I
t6. I
5.4
5.9
4.4

ft.3
t3.o
t5.3
t6.6
5.O
5.8
7.9

6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
f
2
3
4
5
6
7
I
2
3
4
5
b
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
f
2
3
4
5
6
7
I
2
3

t19
tt9
54
54
54
54
54
54
54
54
54
54
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Appendix Table II-- zz--Continued

LAMB
NUMBER

62
62
62
62
67
67
67
67
67
67
67
68
68
68
68
68
68
68
71
7l
71
71
71
71
71
72
72
72
72
72
72
72
74
74
74
74
74
74
74
75
75
75
75
75
75
75
77
77
77
77
77
77
77
?8

EUE TRT PERIOD

54
54
54
54
47
47
47
47
47
47
47
47
47
47
47
47
47
47
60
60
60
60
60
60
60
60
60
60
60
60
60
60
tl
tt
tt
It
tf
It
1l
tt
1t
lt

LAMB
BODY UEIGHT
1xc )

ro.50
1t.80
13. lO
14.40

2
2
2
2
f
I
t
t
I
I
I
I
I
I
I
I
I
I
2
2
2
2
2
2
2
2
2
2
2
2
2
2
I
I
1

I
t
I
I
f
I
I
t
t
t
I
3
3
3
3
3
3
3
3

4
5
6
7
f
2
3
4
5
6
7
1

2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
t
2
3
4
5
6
7
I
2
3
4
5
6
7
I
2
3
4
5
6
7
t

4
4
7
9

4.OO
4 .50
6.OO
8.20
I .40

to.70
tt.40
4 .90
5 .50
7 .50
9.70

t1.20
12.60
14.70
3 .80
3 .80
6 .60

3 .95
4 .40
6.70
8.20

ro.90
tt.40
t2.80
3.75
4.OO
6 .60
8. 20

1o.80
1.l.30
12 .60
3 .90
4. 10
6.50
7 .80
LOO

to. 20
t t.oo
4 .90

60
90
70
60

1t
tt
tt
tf
53
53
53
53
53
53
53
53



260

Appendix Table ll-zz--Continued

LÂMB
NUMEER

E}.lE TRT PER I OD LAMB
BODY I,,E I GHT
(xc¡

7A
7A
78
7A
78
7A

53
53
53
53
53
53

4.6
7.2
4.2
9.8

to.8
12.O

2
3
4
5
6
7

3
3
3
3
3
3
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Appendix Table III-1: Experimental diet allocation and background infor
mation for Hostein-Friesian eÆtvs used in the dairy
trial.

Experimental Diet

Period Period Days of
Treatment Cow Lactation Lactation

I¿.st
21

bree$ing
datel

Basal Basal

Basal lcu

+Mo

I

II

III

IV

11
21
35
42

200
134
L7T
L77

Feb. 28
@en
June 2
ìdar. 13

liar. 27
[4ay 6
Open
Nlar" 4

Open
June 12
May 5
Open

5
6
7
I

2
1
1
3

168
L77
L32
202

+Ido +Mo+C

\97
113
217
203

174
LL7
133
185

lvfay 11
Open
Open
Open

+Mo I
10
11
12

2
1
3
2

1
1
3
6

13
L4
15
16

T tiaf started June 18. Open refers to cows that had not been successful-
ly bred at the time the trial started.
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Appendix lable IIT-2: Analysis of variance for body weight and weight
change of cows in the dairy çow trial (mean
sqr¡ares and degrees of freedcnT¡.

Source of
Variation: Treatment

Animal
(Treatment)

Treatment
WeekWeek Error

Iterns:

Body^weight
(x10r) o.g22**T

(2)

6.235*t*
(1)

9.O37
(3)

0.230
(3)

I

o.206
(L2)

0.066
(6)

0.108
(3)

0.007
(23)

o.263
(11 )

7
)

04
72(

Average daily
gain

T Figures in ¡rarentheses represent the degrees of freedom for the
coruesponding mean qluares.

f Signiticant difference at: ** o< = 0.01, *t({( a(= 0.001.
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Appendix Table rrr-3: Analysis of variance for feed intake and feed
efficiency of cows in the dairy cow trial (ræan
squares and degrees of freedom).

Source of
Variation:

Degrees of
Freedorn:

Treatrnent
Anim.l

(Treatment)
Treatrrent x

WeekWeek Error

772L7L23

ftsns

D.M. intake
kg 6-1

Feed efficigncy,
kg O.M. ¡g-r
milk

Feed efficiencv
kg D.M. ks-l
¡cM

8.747 16.821***T 0.101

2.ALL 0.461*** 0.146

2.304 2.42L*** 0.316

2,349

3.455

6.992

0.811

0.128

0.408

I Sieniticant differences at: *t(*4 = 0.001.



Appendix Table III-4:

265

Analysis of variance for plasna copper and
rclybdenum paraneters of Holstein-Friesian cows
fed supplemental copper and/or rnolybdenurn (mean
squares)

Source of
Variation:

Degrees of
Freedom:

Treatrnent
Aninnl

(Treatment)
Treatr¡ent x

Week ErrorTWeek

45L24L23

Plasna fu, r€
L-r (do-r) O.234**1 0.118** 0.045

0.359 0.411*** 0.049 0.046

0.008 o.4T*** o.o1o 0.006

ïCA-soluble Cu.
mg L-1 (xro-r¡ o.zlg

TCA-insoluble.
cu, ry ¡-1 0.114***

Cp oxidasg aclivity
l\ A min-r L-r
(x102) 1"186

Plasm Mo 0.803***

1.683 0.533

4.7L4

0.o24

0.185

0.250**+

0.305

0.076**

o.49

0.025

T Signiticant differences at: *o<= 0.05, ** 4. = 0.01 , ***á-= 0.001.

T Degrees of freedorn for error were 46 for plasna cu and prasm Mo.



266

Appendix Tabte III-5: Analysis of variance for mitk yield and milkfat, protein and lactose content for lactating
Holstein-Friesian cows fed supptønental copper
and/or molybdenum (mean squares).

Source of
Variation:

Degrees of
Freedorn:

Treatment
AninaI

(Treaünent)
Treatment x

WeekIVeek Error

2L7723 80

Itsns:

Milk yield, kg
d-r (x10¿)

If,$ yielÇ, kg
6-1 1¡l0r)

Butterfat, %

Protein, %

I-ø.etose, %

3.774***

o.g4g*

0.046**

0.137***

0.537

8.793

0.610

o.ß6

o.289

8.950

L.979

o.ß7

0.534

o.572

0.205

0.011

0.007

0.037

0.653

0.334

0.014

0.018

1.038 0.565***T O.OzT

T Signiticant differences at: * o< = 0.05, **o<- - 0.01, *'**4 = 0.001.
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Appendix Table III-6: Analysis of variance for nilk copper and
nolybdenrun concentrations (me L-1) a;ä daity
excretions (mg d-r) for lactating Holstein-
Friesian cows fed supplernental copper and/or
rclybdenum (mean squares) .

Source of
Variation:

Degrees of
Freedom:

Treatment
Anfum.t

(Treatrnent)

L2

Treaünent x
IleekWeek Error

1243 M

f terns:

MiIK
L-l (

coþDer
xro:4)

mg
0.493

Milk coppgr, mB

d-r (flO-r) 0.265

Milk molvbdenum.
mg L-1 (iro-z¡ '2.33g***

Milk molvbdenum.
mg d-1 (i¿or) 1 .5zg***

2,229 0.982*+T 0.328

0.566 o.274 o.z/LL

o.255

0.169

0.o45 o.o8b*** o.oz4

0.056 0.06z** o.oz2

0.722

0.198

T Signiticant differences at: ** o( = 0.01, {({(t( czc = 0.001.
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Table ILI-7: Analysis of variance for liver copper and
molybdenum concentrations of Iactating
Holstein-Friesian cows fed supplemental
molybdenum and/or copper (mean squares).

Source of Variation:

Degrees of Freedom:

Treatment

3

Error

11

Liver Cu change, ffiB
kg-. (x10+) 7.6Lg**t(T

2.177

8. 338 *

7 .4gO*

0.498

0. 661

1.357

L .597

Liv
kg-

lvlo
-1

chan
( x10

er
1 d

C

î e, mg
)

Final
mg kg-

I
1 ( x104 )
iver Cu content,

Fina 1

mg kg
Iiver Mo
1

content,

T significant differences at: * e< = 0.0b, **{( e< 0.001 .
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Appendix Table III-8: Dry m.tter intakes (kg d-1) of lactating Holstein-
Friesian cows fed supplenrental molybdenum and/or copper(least square means).

TREATï,ÍENT
I

Basal
Basal

II
BasaI

{Cu

III
+Mo
+Mo

IV
+Mo

+Mo+Cu

Mean + SEPeriod 1 diet:
Period 2 diet:

Sampling Time

Period 1:

Week 1

Week 2

I{eek 3

I{eek 4

17.O

18.5

19.3

19.9

18.1

77.6

15.6

L4,7

L7.6 + O.7

L6.7

19.0

20.5

20.5

L9.7

18.9

L6.6

15.9

18.5 + O.Z

L7.4

20.4

L9.4

19.3

L7.2

18.0

L7.O

15.0

L7.9 + O.7

16.8 + 0.3 C

18.9+0.348

19.8 + 0.3 A

I9.7 + 0.3 A

16.1

L7.8

19.6

19.0

Period 2:

Ileek 5

Week 6

Week 7

Week 8

Mean + SE

L7.9

18.1

L7.O

L6.7

L7.8 + O.Z

18.1 +

18.1 +

16.6 +

15.5 +

0.3 B

0.3 B

0.3 c

0.3 D

A - D Values in the sarne column with different su¡rerscripts are significantlydifferent, o< = 0.05.



Appendix Tb.ble III-9: Daity rnilk yietd (kg d-1) for Holstein-Friesian
fed supplernental rnolybdenum and/or copper (Ieast
squares).
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cows
n9an

IREATIyIEhIT
I

BasaI
BasaI

II
Basal

{Cu

III
+Mo
+Mo

IV
+[{o

+Mo+Cu

Mean + SEPeriod 1 diet:
Period 2 diet:

Sarnpling Tirne

Period 1:

Week 1

I{eek 2

Week 3

Week 4

27.7

28.0

29,3

29.7

24.8

26.7

26.5

27.r

26.3

25.9

25.8

26.8

28.6

29.3

28.9

27.L

26.9

25.9

24.O

2L.3

26.5 + t.9

26.8 ! 0.5 A

27.5 + 0.5 A

27.7 + 0.5 A

26

26.0 + 0.5 A

23.7 + 0.5 B

22.4 + 0.5 B

6+0.5427

6+0.54

Period 2:

Week 5

l{eek 6

Ileek 7

lfeek I
Mean + SE

28.7

28.1

24.8

25.O

27.7 + L.9

25.7 25.2

24.9

23.4

22.1

24.9

22.6

2L.2

ZI.9 + 7.9 25.0 + 1.9

A - B Values in the same colunn w-ith different
significantly different, e1- = 0.05.

superscripts are



Appendix Table III-10:

Sarnpling
Tine

Initial o.774

Ileek 2 o.924

Ileek 4 o.gza

lYeek 6 o.g2a b

Week B o.764

Mean + SE 0.84 + 0.31a

Milk nnlybdenum excretions (nE ¿-1¡ for lactating llolstein-Friesian cows fed srrppre-me'tal nnrybdenum and/or copper (reast square means).

IRBAT}ÍE'Ì'IT
I II III

2.05b 2.2Lb, ll

2.19b 3.71c, A

2 32b 2.62b, B

2.53b 1.71b, c

2.47b l.Tga b, B C

2.3L + 0.31b 2.4O + 0.31b

IV Mean + SE

1.6 + o.I2

1.61 + O. tZ

1.48 + O.tZ

L.42 + 9.72

0.814

o.734

0.684

o.75à

0.664

0

1.88 + 0. 12

+ 0.31472

a - c varues in the sarrp row with different superscripts are significantly different , d = 0.05.
A - B values in the sa¡ne colurur with different superscripts are significantly different , A = 0.05.

N){
H



Appendix Tab1e III-11:

Sampling
Tirne

Prasm copper concentrations (ry L-1) for ractating llorstein-Friesiansupplernentar nnlybdenum and/or copper (reast sq,are rneans).
cows fed

Mean + 5g

TREATT{BIVT
ï II III IV

Initial t.o7 A 0.99 1.06 B 1.04 B

Illeek 2 1.96a b, A 0.984 1.23b, A 1.06a b, A B 1.og + o.o2 A

Week 4 1.92a b, A 0.954 1.19b, A 1.12a b, A 1.07 -+ 0.02 A

I{eek 6 o.94a' B o.924 1.20b, A 0.91a, c 0.99 + 0.02 B

Week B 0.934, B 0.934 1. 16b, A o.gga b, B c 1.00 + 0.02 B

Mean + 56 1.00 + O.OS 0.95 + O.OS 1.17 + O.OS 1.02 + O.OS

a-b values in the salne row in the different superscripts are significantly different, c/- = 0.05.
A -'c values in the sa¡ne coh¡nn with different superscripts are signif,icantry different, 4 = 0.0b.

1.03+0.0248

l\){
l\)
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Appendix lb.ble IIT-L2: Plasm. lCA-so1ub1e copper concentrations (me L-1) forlactating Holstein-Friesian cows fed supplemental
molybdenun and/or copper (least square m.ns).

Sarnpling
Time

TBEAÏUMff
I II III IV Mean + SE

Initial 0.85

Week 2 o.94

Ileek 4 0.85

Ifeek 6 0.89

I{eek 8 0.84

o.79 0.85

o.92 0.96

o.79 0.86

0.91 0.96

0.83

0.81 0 82

0.æ 0.93 + 0.02 B

0.93 0.83+0.O2AB

0.81 0.89 + 0.02 B

0.68 0.80 + O.O2 A

020+ AB

0.87

Mean + SE 0.87 + 0.0+ 0.84 + O.On 0.89 + O.Or¿ 0.80 + 0.04

A - B Values in the same colun with different su¡rerscripts are signiflcantlydifferent, & = 0.05.



Appendix lbble III-13

Sampling
Time

Initial o.2"2

Week 2 o.L2

IÍeek 4 o.L7

Week 6 0.05

Week 8 0.09

I

Plasm. lCA-insoluble copper concentrations (rng L-1) for lactating Holstein-Friesian
cows fed supplerrental rnolybdenun and/or copper (least square reané).

1BEA1MMWT
II III IV Mean + SE

o.20 o.2L o.22 O.22+O.O2AB

0.06 o.27 o.L4 0.15+0.O2BC

0.16 0.33 o.æ O.2A + 0.02 A

0.01 o.2/L o.11 0.10 + 0.02 C

0.10 0.20+O.02ABo.29 0.31

Mean + SIE 0.13 + O.Oza oza O.29 + 0.02b O.22 + O.O2b

a - b Values in the sa¡re row with different su¡rerscripts are significantly different, & - 0.05.
A - C Values in the sarne coh¡mn with differenü superscripts are significantly different, Á- = 0.0b.

010.11

t\){
È



Appendix Table rII-14: plasma ceruloprasim oxidase
Ilolstein-Friesian cows fed
( least square means) .

activity (ÀA
supp I emen ta I

min-l L-1 )
mo I ybdenum

for lactating
andfor copper

SampI i ng
Time

Initial

Ìfeek 2

Week 4

Week 6

lleek B

Mean + SE

TREATMENT
I II

70.7

7I.3

72.5

72 .2

73.2

72.O +

III

74.7

76.7

75.8

79 .4

74.O

76.L + 4.9

IV Mean + SE

75.0 + 7.7

75.4 + 1.7

76,O + 1,7

73.L + 7.2

74.6 + L.7

78. 0

80.5

81.0

72 .6

75.4

76.6

73.3

74. B

68. 1

76. O

4.95+4.977 73.7 + 4.9

l\){
tjr



Appendix Table rrr-15: prasma molybde.um concentrations
Friesian cows fed supplemental
square means).

(mg L-1 ) for lactating Holstein-
molybdenum and/or copper ( least

SampI i ng
Time TREATMENT

II III IV Mean + SE

I nitial 0. 04 0. 10 0.11 A B 0.06 A 0.08 + 0.04 A

Ileek 2 0.004 0.014 0.2gb, A 0.30b, B 0.15+0.0448

Ileek 4 0. 084 0 .12a- 0.70b, B 0. 41b, B O.32+0.04CD

Ifleek 6 o.74a^ 0. 1ga 0.89c, B 0.35b, B 0.39 + 0.04 D

Il¡eek 8 0. 014 0. 044 0.55c, B o.24b, A B O.zL+0.O4BC

lvlean + SB 0. 05 + 0. 044 0. Og + O. 04a 0.50 + 0.04c O.2T + 0.04b

the same row with different superscripts are significantly different, e<

VaIues in
= 0. 05.

l\)the same column with different superscripts are significantl-y different, d

a" c Values in
0.05.

A-D
o<
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Appendix Table III-16: Raw data for
hay, supplemen
intakes (ke d-
cow triaI.

silage concentrate,
total dry matter

cows in the dairy

corn
t and1¡ for

co1¡l
NUMBER

TRÏ WEEK HAY
(KG DM/DAY)

.27

.37

.34

.03

.21

.16

.16

.89

.o8

.24

.26

.21

.21

.31

.16

.16

.49
,59
,oo
,89
70
71
57
52
76
77
95
88
57
72
39
52
76
52
62
80
52
46
to
94
60
57
70
59
46
52
26
t8
27
3l
59
39
34
't6

SUPPLEMENT
(KG DM,/DAY )

DAILY INIÂKE
( KG DM,/DÂY )

CORN SILAGE ÂND
CONCENTRAT E
(KG DMIDAY )

15.4r
14.38
l7. t6
17 .04
t6. 03
15.66
t5.65
l3 .97
l4 . so
t6.79
16.49
16. t9
16. 10
16.85.l5.58
.l5.83
.l6.63
19.3 t
22 .49
21.42
20. oo
20. 12
19. 05
18.51
17.98
20.67
22.25
21.32.l9.25
19.85
17.5s
18.58.l8.05
17.13
19.62
20.7A
l8.50

11
lt
14
14
l3
12
12
1l
lo
t3
l3
l3
13
t3
12
12
12
t5
l8
17
l6
16
t5
t5
13
16
t8
l7
t5
'I 6
14
l5
13
13,
t6,
17.
15.
14.
12.
ll.
12.
15.
14.
t5.
14.
.l5.
13.
12.
11.
'I 5.
15.
.16.

13.
12.

.38

.24

.tt

.24

.12

.77

.80

.46

.71

.78

.5t

.26

.18

.82

.73

.96

.33

.87

.49

.57

.41

.50

.65
,t9
,35
97
33
50
86
23
43
26
42
80
14
o4
t8
88
45
69
66
7A
o9
77
93
tt
50
a4
38
41
83
o3
80
79

f8
l5
14
17
l9
l7
l9
l8
t8
16
t5
t5
l8
t9
19
l6
ls

l3
25
25
o9

o. 75
o. 76
o. 71
o.72
o.69
o .72
o.68
o.62
o.71
o.72
o.71
o.7 t
o.7 I
o. 7l
o.68
o. 71
o. 80
o. 83
o.99
o.95
o. 89
o.90
o. 82
o.80
o. 86
o. 92
o.96
o. 94
o. 82
o. 89
o. 73
o.80
o. 86
o.8r
o. 85
o.94
o. 80
o.77
o.68
o.6 t
o.82
o.a2'
o. 89
o. 83
o. 78
o.80
o.7t
o. 66
o. 75
o.72
o. 83
o.85
o. 75
o.7l

3
2
2
2
2
2
2
I
3
2
2
2
2
2
2
2
3
2
3
2
2
2
2
2
3
2
2
2
2.
2.
2.
2.
3.
2.
2.
2.
2.
2.
2.
t.
3.
2.

2.
2.
2.
2.
2.
3.
2.
2,
2.
2.
2.

I
2
3
4
5
6
7
I
I
2
3
4
5
6
7
8
I
2
3
4
5
6
7
I
I
2
3
4
5
6
7
I
I
2
3
4
5
6
7
I
I
2
3
4
5
6
7
I
I
2
3
4
5
6

1

I
I
I
I
I
I
I
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
7
7
7
7
7
7

I
I
I
I
I
I
I
'|

I
I
'|

I
I
I
I
I
,|

I
I
I
I
1

I
I
I
I
I
I
I
t
I
I
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

17
68
21
t9
43
48
68
41
45
27
27
89
67
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Appendix TabIe III-16--Continued

col,l
NUMBER

7
7
I
I
8
I
I
I
I
I
I
I
I
I
9
I
9
9

lo
lo
lo
to
10
to
to
lo
lt
lt

t2
12
12
l3
l3
l3
t3
l3
l3
t3
t3
14
14
14
14

TRT WEEK

7
8
I
2
3
4
5
6
7
I
I
2
3
4
5
6
7
I
I
2
3
4
5
6
7
I
I
2
3
4
5
6
7
I
I
2
3
4
5
6
7
I
I
2
3
4
5
6
7
I
I
2
3
4

HÂY
(KG DMIDAY )

.t3

.92

.44

.57

.72

.77

.54

.44

.13

.08

.34

.41

.64

.49

.26

.26

.85

.08

.65

.34

.85

.82
,95
,62
,59
89
98
80
70
a2
77
77
44
34
l8
44
75
a2
64
52
23
26
58
4l
64
64
44
44
44
98
96
77
85

SUPPLEMENT
(KG DMIDAY )

DAILY INIÂKE
(KG DM/DÂY )

15 .44
l4.Ot
17.53
't9.03
20.47
20 .42
18.61
17 .97
.l5.39
14.88
l6.75
17.46
19.67
18.23
l6.39
16.75
13.49
15. 12
t7.61
r9.94
21.35'
2l .04
22. 10
19.35
19. t8
'14 . s t
16. f 2
20.72
20.32
21 .92
20.42
20. 68
17.65
17.28,l6.49
17.99
20. so
20. 98
l9.78
18.66
16.25
16.49
t6.86
17.71
19.70
19.63
17.95
17.98
17.93
13.99
15.89
t9.75
12.94

o. 69
o.6 t
o. 86
o. 82
1.o4
o.91
o.8l
o. 76
o.68
o.66
o.7l
o. 78
o.86
o. 78
o.7 I
o.71
o. 58
o.67
o. 8s
o.85
o.94'
o.95
o. 97
o.85
o.83
o.64
o.94,
o.9 t
o. 89
o.92,
o.9t
o.92
o.80
o. 73
o.82
o.77
o.9l
o.92
o.86
o.92
o.69
o.68
o.8l
o. 76
o. 86
o.86
o.76
o. 76
o. 76
o.63
o.92
o.90
o. s9

2
I
3
2
2
2
2
2
2
2
3
2
2
2
2
2
1

2
3
2
2
2
2
2
2
I
3
2
2
2
2,
2.
2,
2.
3.
2.
2.
2.
2.
2.
2.
2.
3.
2.
2.
2.
2.
2.
2,
l.
3.
2.
1.

CORN SILÂGE AND
CONCENTRÂTE
(KG :DM/DAY )

16.07
ro.49

12.6t
11.47
13.22

.63

.71

.73

.25

.77

.56

.14

.69

.25

.16

.94

.42

.77

.05

.36

.11

.75

.56

.25

.16

.87

.74
,97
,20
,o0
73
17
73
98
41
20
47
77
84
23
27
21
32
54
46
53
19
l2
75
78
72
38
oo

l5
16
l6
l5
14
12
12
12
14
l6
14
l3
l3
l1
12
l3
l6
l7
17
18
t5
t5
tl
11,
17,
6
I
6
6
4
4
2
4
6
7
6
5
3
3
2
4
6
6
4
4

2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
4
4

2
2
2
2
2

4
I
1
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Appendix Table III-16--Continued

covl
NUMBER

l4
14
l4
14
15
l5
t5
'I 5
t5
t5
t5
l5
l6
l6
l6
l6
l6
f6
16
t6

TRT WEEK HAY
(KG DMIDAY )

SUPP L EMENT
(KG DM/DAY )

DAILY INTAKE
(KG DM/DAY )

16 .29
2t. f I
21 .46
20. 35
19.35
21.74.l9.90
18.25
20.60
23. t5
23.33
20.68
17.03
17 .24
16.13
15.30

CORN SILAGE ÂND
CONCENTRATE
(KG DM,/DAY )

o.82
o.94
o. 94
o.97
o,89
o. 97
o.90
o. 78
o. 99
t.oo
l.ol
o.92
o. 76
o.72
o.71
o. 68

3.OO
2.82
2 .88
2.97
2.70
2 .90
2.72
2 .49
4.29
3.rt
3. 12
2 .80
2.36
2.36
2.21
2.13,

12 .45
17.34
17 .64
l6.40
15.76
17.85
16.27
14.97
t5.31
'I 9.04
19. 18
16.95
13.90
l4 .14
13.21
12.4A

5
6
7
I
I
2
3
4
5
6
7
I
I
2
3
4
5
6
7
8

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
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Appendix Table'IIï-L7: Raw data
weight of
dai,ry cow

for body
cows in the
trial.

cot¡t
NUMBER

I
f
I
2
2
2
3
3
3
4
4
4
5
5
5
6
6
6
7
7
7
I
I
I
I
I
I

to
ro
to
lt
l'l
tt
12
12
12
t3
l3
l3
14
14
t4
l5
t5
t5
l6
l6
l6

533
558
556
458
463
45t
640
65t
617
662
686
668
578
588
568
586
586
578
540
564
528
6.l2
608
621
632
640
608
6.l6
615
574
682
688
678
615
626
640
548
554
542
578
570

TRT PERIOD COW BODYITE f cHT
(KG)

I
2
3
I
2
3
I
2
3
I
2
3
I
2
3
I
2
3
I
2
3
I
2
3
i
2
3
I
2
3
I
2
3
I
2
3
I
2
3
I
2
3
I
2
3
I
2
3

I
I
I
I
I
I
I
I
I
I
I
I
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
â
3
3
3
4
4
4
4
4
4
4
4
4
4
4
4

6r6
621
620
599
594
555
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Appendix Tabre rrr-18: Raw data for prasma copper andparameters of cows in the
trial.

molybdenum
dairy cow

PLASMA COPPER
(MG/L)

TCA-SOLUBLE COPPER
( MG,/L )

CP OXIDASE
ÂCTIVITY
( AAIMI N,/L )

71
68
73
73
75

lo7
fo8
t04
95
9t
69
65
75
57
70
63
79
70
64
64
66
6l
60
59
65
87
86

PLASMA MOLYBDENUM
(uc7¡ ¡

o. oo
o. oo
o. 04
o. 04
o. 04
o. 07
o. oo
o. oo
o. oo
o. oo
o. to
o. oo
o. 28
o. 28
o .28
ô a)ô
o. oo
o. oo
o. oo
o. oo
o. 17
o. os
o. oo
o. oo
o. oo
o. 05
o. oo
o. oo
o. oo
o. oo
o. 10
o. oo
o .26
o. 26
o. 26
o. 07
o. oo
o.2l
o.21
o.21
o. 12
o. 4s
o. 79
o. 79
o. 79
o. r2
o. oo
o.74
o.74
o.74
o. 10
o. 28
o. 34
o.34

.6

.4

.o

.6

.6

.6

.8

.6

.6

.4

.2

.8

.4

.2

.4
,6
,o
,4
.6
I
I
4
6
o
2
6
I
o
I
4
o
2
2
a

I
6
4
o
o
6
6
2
o
o
4
6
8
2
I
o
6
6

1

o
o
o
o
I
I
I
I
1

o
o
o
o
o
I
o
o
o
o
o
o
o
o
o
1

I
I
t
I
o
o
o,
o,
o,
L
o.
o.
o.
o.
o.
t.
1.
'L
L
o.
L
t.
l.
t.
t.
l.
1.
t.

.oo

.96

.94

.94

.94

.33

.37

.25

.25

.25

.92

.93

.99

.99

.99
,ol
,98
,90
,90
.90
93
92
84
84
a4
tl
lo
o7
o7
o7
9t
9l
89
89
89
ol
98
98
98
98
97
to
l8
l8
t8
96
27
12
12
12
o3
t5
26
2G

70
57
7l
73
72
8t
88
72
75
73
86
70
6B
66
71
73
77
70
74
83

o. 7s
o. 87
o.74
o.74
o.74
1.O2
t. 16
L06
L06
t.06
o. 79
o. 89
o. 78
o. 78
o. 78
o. 82
o. 84
o. 82
o.82
o.82
o.74
o.83
o.63
o.63
o.63
o. 89
LOl
o.93
o. 93
o.93
o.7t
o. 82
o.72
o.72
o.72
o.8t
1.O3
o.86
o. 86
o.86
o.87
o. 94
o. 83
o.83
o.83
o. 76
o.88
o.87
o.87
o. 87
o.84
o. 95
o. 92
o.92

cow
NUMB E R

I
I
I
I
1

2
2
2
2
2
3
3
3
3
3
4
4
4
4
4
5
5
5
5
5
6
6
6
5
6
7
7
7
7
7
I
8
I
B
I
I
I
I
I
I

to
to
to
to
to

TRT WEEK

I
2
3
4
5
I
2
3
4
5
t
2
3
4
5
I
2
3
4
5
I
2
3
4
5
I
2
3
4
5
I
2
3
4
5
I
2
3
4
5
I
2
3
4
tr

I
2
3
4
5
I
2
3
4

I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
f
I
I
t
2

2
2
2
2

2

2
a

2
2
a

2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3

80
77
a2
57
63
76

74
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Appendix Table III-18--Continued

PLÂSMA COPPER
( uc7¡ ¡

TCÄ-SOLUBLE COPPER
( MG/L )

CP OXIDÂSE
ÂCTIVITY
(ÁA,/MrN/L )

a4 .4

PLASMA MOLYBDENUM
( MG/L )

cow
NUMB E R

1t
12
12
12
12
12
f3
'I 3
13
t3
t3
14
14
14
l4
14
15
t5
t5
15
15
16
t6
16
l6
16

TR'T WE EK

o. 34
o. 10
o. 38
o.91
o.9 t
o. 9l
o. oo
o. 33
o. 46
o. 46
o. 46
o. oo
o. 57
o. t8
o.l8
o.18
o. oo
o. oo
o. 68
o.68
o.68
o .23
o. 28
o. 33
o. 33
o. 33

o
I
4
I

I
4
I
2
o
6
6
o

75
74
71
68
68
67
71
75

o.92
o.9t
t.o5
o.82
o .82
o. 82
o.87

26
27
38
21
2l

88
90
74
82
64

5
I
2
3
4
ai

t
2
3
4
5
I
2
3
4
5
I
2
3
4
5
I
2
3
4
5

3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

21
l3
14
14
14
l4

81 .6
76 ,2
74.4
76 .4
77.6
at.2
70. 8
78.O
63.2
85.8

o.82
o.42
o.82
o. 70
o .82
o. 83
o. 83
o. 83
o.85
o.90
o. 87
o. 87
o. 87
o.8l
o. 94
o. 79
o. 79
o. 79

o.9 t
o.97

t9
19
l9
ol
o3
o5
o5
o5
o9
It
to
to
to
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Appendix Table III-19: Raw data for
concentrations
dairy cow trial.

liver copper and molybdenum
(mg t<g-r D.M. ) of cows in the

col,J
NUMBER

TRT INITIAL LIVER
COPPER CONCENTRATION

401.26
410.79
479.88
36 I .67
365 .52
r95.6I
495.39
532.5t
389 .74
335.Ot
327 .33
454.3e
314.64

419.38
530.65

FINAL LIVER
COPPER CONCENTRATION

3t5.97
332.50
44A.70
314.15
478.13
456 .7 4
698.70
776. 10
265 .8s
240.95
321.20
293. 55
3l6.OO

636 . 34
569 .22

INITIAL LIVER
MO CONCENTRATION

FINAL LIVER
MO CONCENIRAIION

I
2
3
4
5
6
7
I
I

lo
'H
12
t3
14
l5
t6

I
I
I
t
2
2
2
2
3
3
3
3
4
4
4
4

55
24

4.29
4.06
6.40
o.32
1.12
4 .85
6 .85
7.77
4 .20
4 .80
4 .86
6 .40
3.95

3.36
I .62

5
3
5
4

3
4
5
7
7
6
7
I

4
6



Appendix Tab1e III-20: Raw data for nilk yield and composition of cows in thedairy cow trial.

COI' NI'MBER TRT UEËK I'TLK YTELO
( KGIOAY )

MTLK FÂT
CONfÉNT

(i.)
MILK PROIEIN
CONIENT

ti.)

3. 05
2. 96
3. 14
2.A 1

3. OO
3. I I
3. 06
3. Ot
2. 99
2.95
â6t

2 .90
2.43
2-41
2.AO
2.94
2. 86
2.94
2.99
3. OO
2-94
2 .96
2.9 !
3. r9
2. 85
3. 06
3. 09
2.99
2.A7
2.9C
2.79
3. 13
3.12
3.24
3.24

3. rg
3.30

3.32
3.06
3. 12
3.09

2.96
3.O4
2.96
3.04.

2. 68
2-94
2.73
2-55
2.62

MILK LÁCÏOSE
CONfENI

(%)

MILK COPPER
CONIENT

( MGlL )

MILK I,IOLYSOENUI|
CONTENT

(MG/L)

o. ot
o. 03

o'.02

o. oa

o. os
o. 03
o. 03

i
I
I
I
I
I
I
t
2

2
2
2
2

3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
'l
7
7
7
7
7

I

3
4
5

7
a
'|

3
4
5
6
7
a
i

3
4
5

7
a
I
2
3
4
5
6
7
I
I

3
4
5
6
7
¡¡
I
2
3
4
5
G

7
I
I

3
4
5
6

26.465A
26.72sO
27 -9236
27 .534A
27 .2757

23.97r5
21.2504
26.O71 1

25.7532
25 -720A
23 -0729
25.2Ê72
26.49A2
22.8053
23.8476
30. r587
30. r263
33.6249
35.309¿
33.1714
3r.6Ar2
27 _SÊ72

o r65
9236
6274
9r3r
8053
2746
954€
7Ê45
97 ra
9997
't940
7405

o
o
o

o
o
o

o
o
o

5. 17
5.i4
5 -27
4.97
5.or
5.28
5.25
5.46
5.20
5.20
5. 19
5. 14
4.92
5.lo
5. r8
5.05
4.77
4.6€
4.89
4.80
4.49
4. 66
4.59
4.67
4.89
4.77
4.81
4.84
4. 68
4.AO
4.80
4.47
5. 06
5. 14
s.27
5. r6
4.92
5.2r
5. 18
4 .94
4.7A
4.A7
4 .93
4.90
4.76
4.90
5.O2
5. 03
4 .47
4.56
4 -75
4.57
4.57
4.59

2.43
2. 15
I .90
5. 26
2. t8
2.70
2.41
2.74
2.7A
2.O1
r .83
2.40
2.77
3.42
3. 16
3. 97
3 -77
4.6 t
3. 67
3.53
¿.36
4.12
4.64
4.42
4.12
4. l4
3 .63
3. 56
4.46
4.11
3.4A
4-tI
3 .9¡l
3.55
3. 09
2. 86
3.75
3. 16
3..¡A
3.78
4. l7
4. t8
3. a5
3 .96
4 -O7
3.59
2. 85
3.41
3.c9

2,42

3. J8
3 -37

79A2
o207
47a3
06 i5
9646
8954
6362
Êa42
4334
6236
9799

2A
2A
29
30
30
2A
2A
24
26

2ê

20
r9
20
20.
22.

o
o

'I

I
I
1

I
I
I
I
2

2

2

2

2
2

2

a

o. o¿

o. oo

o. o¿

o. og

o. 03

o. oe

o. 03

o.og

o. 03

O.Oo

o. 03

o. os

o. 03

o.og

o.03

o.og

o.03

o. og

o3
o2

o4
o3
o3

o3
o5
o3

o4
o3
o3

o.03

o.o¿

o-o2

o. oe

02
04
o4

O4
o/¡
o3

o4
o3
o4

o. 03
o. 03
o. 03

o
o
o

o
o
o

o
o
o

o
o
o

o
o
o

o
o
o

o4
o4
o4

o4
o1

o4
O4
o3

21 -6715
r9.6307
25.6236
30. 28a3
30. f263
30.7742
28 .8306
27.534A

t\?
@
rÈ

o. 03

o. og

o. 02

o. og



Appendix TabIe III-2O--Continued

COt' M,MBER lRT WEEK

7
7
I
a
I
I
I
I
I
I
9
9
9
9
I
I
9
9

to
to
lo
lo
to
lo
io
to
tl
tl
It
tl
lt
It
tt
tl
12
12
12
12
12
12
12
12
t3
t3
r3
t3
t3
r3
t3
t3
14
14
14
14

27
2A
29
27
26
24
23
20.
17.
25.
26,
26.

22.
20.
21 .

32.
30.
30.
33.
30.
3r.
24.
25.
27.
27.
25.
2G.
25.
23.
22.
20.
t9.
19.
2Q.
21 .

,1743
,239r
.2025
.9067
4g r4
3758
8659
5559
r587
7094
17 l4
3A55
o334
603a
9l5l
5996
5024
9r5t
f,222
3320
0645
8053
3434
8899
6307
2t38
8335
2504
9997
7039
4730
939 l
3884
1743
9151
1743
2025
2306
56r7
4658
3362
5743
,r970

2.90
2.57
3.04
2.54
2.85
2.82
3.36
6.08
3 -24
3.07
4.O7

2.7A
3.3r

2.86
3 .43
3.O1
3.46
3. r4
2.92
2.64
2-4A
2.90
2.96
3 .53
2.13
2.7 1

2. AA
3. t9
3. 04
2.73
3.21
2.88
2.62
2.05
3.70
3.66
3.48
3.78
3.71
4.22
3 .61
3.O2
4 -40
3 .93
3.33
3.7 r
4.03
4.08

3.43
3.97

2.62
2.77
2 .93
2.97
3.06
2.97
3.Or
2 .90
3.04
3. t3
3.24
3.41
3.49
3.24
3.39
3.36
3.34
3 .45
2.97
2.91
2. 99
I .98
2.A7
2.96
2.86
2.86
3. OO
3. 08
3.07..
3.O7
3.O2
3. ro
3. 03
3. ra
3.69
3.89

3 .68
3.57
3.62
3.67
3.64
3. OO
3.20
2.94
2.99
3.08

3.02
2.9A
3. t1
3.34
3.1f
2.43

o. 08

o. og

o. o8

o.os

7
I
I
2
3
4
5

7
I
I
2
3
4
5
6
7
I
I
2
3
4
5
6
7
I
I

3
4

6
7
I
I
2
3
4
5
6
7
I
I

3
4
5
6
7
I
I

3
4

2
2
2
2

2
2

2
2
3
3
3

3
3
3
3
3
3
3
3
3
3
3
3
3

3
3
3
3
3
3
3
3
3

3
3
3
3
4
4
4
4
4
4
4
4
4
4

4

MTLK Y¡ELO
( KG/DÂY )

MILK FAI
CONIENf

('/.)

MTLK PROTE¡N
CONTENT

('1,')

MILK LÄCTOSE
CONfENT

(%)

.60

.61

.73

.55

.¿3

.17

.22
-17
.14
.81
.79
.89
.99
.64
-67
.64
.65
.12
. tl
.t3
-20
.ê7
.t6
.04
.12
,74
,73
.70
,75
.32
,60
,6t
9a
88
86
85
64
6l
a7
7A
68
69
81
86
62
63
83
73

o9

M¡LK COÞPER
CONfENI

(MG/L)

o. 03

o. og

o. os
o. 03
o.03

o.os

o.og

o. 06

M¡LK MOLYBDENUiI
CONTENl

( MG/L )

5264
794o
o53 r
77o0
8264
5630
0363
4532
27A6
o7 16
0729

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
5

5
5
4
5
5
5
4.
4,
4.
4,
4.
4.
4.
3.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
4.
5.
5.

o
o
o

o4
o8
to

07
o8
o6

o
o
o

o
o
o

o
o
o

o
o
o

o.03

o. og

o4
o6
o5

o5
O4
o3

O4
o5
o5

o
o
o

o
o
o

02
o3
o3

o3
o3
o3

o
o
o

o. 03

o. 05

o.03

o. o¿

o5
04
o3

o
o
o

o3
o3
o3

o
o
o

o.09

o. rz

o. rs
o.07
o. o8

o. ro

o.rr
21
22
21

23
2G
25
2Ê
2à
24
t8
26
26
21
r6

o
o
o

o. 03

o.o¿

o. o8

o. oo

o
o
o

N)
æ
qtt

o. 04 o. 06



Appendix lable III-ZO--Continued

COI t\f,rrlBÊR ÎRÎ YEEX rTLX Y¡ELO
( KG/DAY )

TILK FÂ1
coñfENt

(f)
IIILK ÞROÎEIN
CONfENT

(7.1

IITLK LACIOSE
CONIENl

lr.,

HILI( COPPER
CONÍENf

(MG/L)

o. os

TTLK ÍIIOLYBDENI'II
CONÎENI

( ilc/L )

o. 03

2-64
2.68
2.09
2.44
2.64
3.53
2.46
2.56
3. 17
3.42
2-,¡6
3. 33
3.57
2.88
3.90
3.47

la
la
t4
1a
ls
l5
l5
t5
tl
t5
r5
l5
l6
t6
r6
t6
IG
l6
r6
t6

5
€
7
E
I
2
3
I
5
6
7
I
I
2
3
4
5
6
7
I

1
1
4
4
4
a
1
4
a
4
I
1
I
4
1
I
4
I
I
I

31
34
37
35
32
3t
30
29
29
33
30
30
27
2Ê
23
22

2724
.tO23
o262
8925
3939
55r7
5799
ra69
5756
toc6
9646
3207
8588
7574
r6 i6
0926

o. 03

o. og

o.os

o. 03

o.oo

o.os

o.oc
o. r8

o. r¡
o. rr

o. rg
o. r'r
o. tl

o. os

o.oe

o. os

2
2

2
2
2
3
3
3
3
3
3
3
3

o
o

79
18
55
54
17
3!
43
2Ê
79
68
72
6t
42
s7
46
2A

4
1
4
4
I
1
4
4
4
4
4
4
4
4
4
4

80
69
75
76
70
76
70
71
22
17
27
r9
25
20
32
41

o
o

t\)
æ
5J




