
:l

COPPER OXIDE NEEDLES FOR GRAZING

COi.lS AND CALVES

By

Heather J. Cameron

A Thesis

Submrtted to the Faculty of Graduate Studies

in Partial Fulfrl lment of the Requirements for the Degree of

Master of Scrence

Department of An¡mal Sclence

Un ¡ versi ty of Man r toba

}ji nn i peg, Man i toba

.#\'(Ü o.tob.r, 198?



Permission has been granted
to the National Library of
Canada to microfilm this
thesis and to lend or sel1
copies of the film.

The author (copyríght owner)
lra's reserved other
publication rights, and
neither the thesis nor
extensive extracts from it
may be printed or otherwise
reproduced without. his/her
wrj-tten permission.

L'autori-sation a êtê accordée
à la Bibliothèque nationale
du Canada de microfilmer
cette thèse et de prêter ou
d.e vendre des exemplaires du
f ilm.

L'auteur (titulaire du droit
d'auteur) se réserve les
autres droits de publication;
ni la thèse ni de longs
extraits de celle-ci ne
doivent être imprimês ou
autrement reproduits sans son
autorisation écrite.

:l

ì'

t.,

:1

...:.

ta.::

ì:
ì,;

,,.''ì

t.

!,',

:,a,

a.:

a.:

tl

rsBN 0-3i"5_372L2_5



:,.

.i.

:l

a

...

.:.'

.:.

..:

:.

a.

::

:.

::

,tì

:.:

ìl
)::

.

:

t'

....

.:,'
t:'.'

:,

:'

COPPER OXIDE NEEDLES FOR CRAZING

COÍ{S AND CALVES

HEATHER J. CAMERON

A thesis submitted to the Faculty of Graduate Studies of
the university of Manitoba in partiat fulfillment of the requiFements

of the degree of

MASTER OF SCIENCE

@ t9B7

Permissio¡¡ has bee¡r granted to the LIBRARY oF THE UNIVER-
SITY OF MANITOBA to lend or sell copies of this rhesis. to
the NATIONAL LIBRARY OF CANADA to microfitnr this
thesis a¡rd to lend or sell copies of the lìlm, and UNIVERSITY
MICROFILMS to publish an abstract of this thesis.

The author reserves other publication rights, and neither the
thesis nor extensive extracts from it may be printed or ottrer-
wise reproduced without the author's writte¡t pernrission.

BY



1l-

ACKNOl'lLEDGEMENTS

S¡ncere aPpreciation goes to Dr. R.J. Boila for his guidance and

encouragement glven throughout the course of study. In addition I am

indebted to the Gryþas: Albert, Gwen, Mark, Cheryl, "Sparky" and the 74

covrs and cal ves. Your trust and hospi tal i ty wi I I be remembered.

Gratitude is extended to Lyle McNichol for finding the Grybas and for

the help of himself ano his coworkers on pasture.

Special thanks to the "team Grandview 86": James Mrtchel I ' Rtta

t'lcKay, Dr. N.E. Stanger and Ahmad Nìa, for their help on Pasture and for

maring this pro¡ect a nemoraþie experience. I must also thank James for

hls patlence and gruidance in the laþoratory work and l'tàdel ine Shertdan

for her assistance throughout the stat ist ical anal ysts.

Apprectation is extended to the conmittee members: Dr. R.J. Bot la,

Dr. K.M. !.¡ittenÞerg, Dr. J'R. Ingalls arro Dr. K.I{. Clarr'

Thanks to Margaret Funk for her efficiency dur¡ng the typrng of

thrs thesls and to Janice Haines for her help in btopsy preparatton.

To my Parents I dedtcate thls thesis; thetr support and

encouragement was there for me throughout my educat¡on.

Fundi ng prov i ded by Agr i -Food, Canada-l'lan ì toba Economl c and

Regronal Development Agreement, and Nattonai Sciences and Engineer¡ng

Research Council of Canada is acknowledged.

)t:..

:a.

:t..

4,.:

..

::'

::

,



iii

ABSTRACT

Copper oxide needles (CuON) provided as a singie oral dose at the

start of a grazing trial oÍ, 92 days in length, sras evaluated us¡ng a

herd of purebred Hereford cows and theÌr calves. Thirty-seven cows were

allocated to treatments of 0,25 or 50 g CuQN (79.gr. Cu in CuON) on the

basrs of body we¡ght and plasna Cu. Calves were dosed wrth 0 or 20 g

CuON, within cov, treatment group, wtth al locat¡on on the basÌs of body

welght, plasma Cu and sex of calf. Cows and calves were $retghed ancj

blood samples nere taken on days 0,28, 63 and 92, while liver bioPsies

were taken on days 0, 28 and 92. A combinatìon of lor¿ Cu ¡n the grass

forage (n = 4) at 3.7 mg t<g-l OH (+0.4), together with l.to and S at 3.9

mg (+0.3) and L.4 g (10.0) kg-1 DM, respectively, plus water (n = 4)

wrth 947 mg sulphate L-l (!26.3) contrrbuted to a low aval lable Cu in

the forage consumed þy cows and caìves. Body weight of cows and calves

was not rnfiuenced (P)0.05) by CuON. Liver Cu was higher (P<0.01) 1n

treated cows and calves. Liver Cu was not different (P>0.05) between

cows dosed wrth 25 or 50 g CuON. Treatments of cows and calves w¡th

CuoN had no ¡nfluence (P>0.05) upon the concentratron of Fe or Mo tn

liver or plasma, the Cu concentration and Cp0x activlty in plasma or the

concentration of Zn in ltver, in cows and calves. Plasma Zn of. cows dlo

not differ (P>0.05). Plasma Zn of calves was higher (P<0.05) in the

calves suckling CuON treated co\.rs. Dostng cows and calves wlth CuOli

resulted in a higher Cu content of liver, þut d¡d not adverseiy

influence the metabolisrn of Fe or Zn, or modlfy the concentration of Mo

in the plasma or liver of dosed animals.
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INTRODUCTI ON

Copper cteficiencies have been reported in grazing cattle throughout

Canada (Brockman 1977t Smart et al. 1980; Boila et al. 1984ai Korsrud et

al. lgBS). In Manitoba, a Cu deficiency due to excessive leveìs of Mo

tn forages sras first reported Þy Cunninghan et al. (1953) in

northwestern Mani toÞa. Drysdal e ( 1979) and Boi I a et al . ( 1984b, d)

confirmed that cattle in Manitoba rnay suffer from a Cu defìciency'

Cattle consumtng forage low in Cu are susceptible to a prtrnary Cu

deficiency (Underwood 1977>. High Mo levels in forage (Boi la et al .

1g84d) or sulphur ¡n forage (Boi la et al. 1987) or r.¡ater (Bot la et al.

1g84d) are commonly found in northwestern l'lanitoba and rnay lead to an

induced metabollc Cu insufficrency or a secondary Cu deftclency. Both

primary and secondary Cu deflciencies are encountered in Manttoba

(Drysdale et al. 1980). Cattle graztng pasture with adequate Cu levels

of 10 to L4 ng Cu kg-1 DM =hored signs of Cu deficiency due to high Mo

levels in the forage ranging from 3 to 20 mg Mo rg-t oN (Thorton et al'

t972>. When dtetary Cu appears to be adequate ruminants requ¡re a

minimum Cu:Mo ratio of 2.0 to prevent a Cu def tclency condl tion

(Mi I t imore and Mason t97I) ,

Addrtronalìy, S interacts with Cu and l,lo in the rumen reduc¡ng Cu

absorption. In the rumen, sulphate or dìetary amtno acids are reduced

to sulphide and thiomolydates (l'fo04-nsn)2, n=l to 4) are formed. This

leads to the formation of insoluble Cu thiomolybdates in the digestive

tract (Dick et al " t975) thereby reducing the availability of dtetary

Cu. Elements guch as Zn, Fe and Cd may also inhibit Cu absorptton and

utilization (Campbell et al. t974; Pringle et al. 1973¡ Mills 1980)'
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There are several methods available to prevent Cu defictency. Cu

sal ts in a free choice mineral supplement effectively provtded

supplemental Cu to graztng cattle (Cunningham et al. 1953); however,

calves do not always appear to consume adequate mineral (Boila et al.

1gg4b). in additron mineral intake rs extremely variable when mtnerai

is ävai lable free-chorce. Cu sulphate included as a dietary suPplement

in dr¡nking waten is of no practical use for grazing cattle (MacPherson

lgAZ). inJectable Cu preparations provide an effective source of

supplementary Cu, and are largely effective agatnst secondary Cu

def iciency because absorpt ion from the al imentary canal is by-passeo

(Al len and Mal I lnson 1984). iniectable Cu glycinate (Cunnlngham 1959)

and cucaEDTA (Suttle 1981b) provtded effective cu supplementatton:

however there are dtsadvanf,ages àssocrated with this methoo. These

include 1) difflculty in control I lng the rate of Cu release, thereby

resulting ¡n a Cu toxicrty (Mylrea and Byrne 1974)t 2) slot¿ absorptton

of the supplement resul ting in a resrdue bui ldup and potential of.

carcass damage at the stte of iniectton (Borla et al. 1984a) and 3)

short-l rved benefrts requiring repeated ìniectlons (MacPherson et al.

1979). Cu containing giass boluses appear to provtde a similar degree

of protection as the in.iectable Cu source (Allen et al. 1984) but they

predispose the animal to Cu toxicity through rapid bolus d¡sintegratlon

(Tengrove and Judson 1985).

Attention has focused on the effective use of Cu oxide needles

(CuQN) ora) ly adn¡nistered to grazing sheep and cattle (Suttle 19Bia;

Dewland et al. 1986). Dewey (1977) reported that CuON entered the rumen

translently before passing to the abomasum where some needles are

retalned in the folds. There is a release of Cu where conditions for
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aþsorption of Cu ane favourabie. The nature of the diet and the

avai labi I ity and quant¡ty of Cu in the oxìde form may determine the

guantrty of Cu available to the animal. The optlmum dosage rate under

d.if f erent condl tions of dietary Cu, Ho and S intakes has yet to be

determined (Langlands et al. 1986a, b).

This stuoy ç¡as carried out to evôluate the effecttveness of a

single dose of CuON actninistered to beef cows at 0,25 and 50 g and to

suckl lng calves at 0 and 20 g at the start of the grazlng season.

parameters measured included body wetght, the concentration of Cu, Mo,

Fe and zn in I rver and olood plasma and plasma ceruloplasmin activtty

(Cp0x).
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TITERATURE REVI EI{

Copper nutrition and metabol ism have been extensively studied for

many years because of the maior problems of copper deficiency and

toxtcity associated with ruminant diets. Copper is an element in Group

lB ot the Periodic System. It is a transìtion element containing one

electron in the outer shel l. Copper has a variable valency forming

cuprous (Cu+l) and cupric (cu+2) compounds, but more commonly .in the

Cu+2 state (Georgievski ì 1982).

Copper is a highly versati le and essential micronutrient in the

mammalian body. Copper is rnost commonly used in a biological role as a

copper metal loenzyme. These cuproenzymes are involved in numerous

processes including the formatìon of melanin piçrnent in hair and skin

( tyrosi nase ) ; synthesi s of the structural subun i ts of coì I agen and

elastin (lysyl oxidase); the tertiary structure of keratin proteins

(monoamine oxidase); adrenal synthesìs of catecholamine (dopamine B

hydroxylase); killing bacteria by whìte blood cells (Zn-Cu superoxìde

dìsmutase); and mitochondrial energy production through oxidatlve

phosphorylation (cytochrome C oxidase) (Al len and Solomens 1.984>. Bone

formation; ìron metabol ism, myeì ination ot. the spinal cord and

reproductron depend on Cu metabol ism (Underwood L977>,
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CopPer Requirements

Before Cu requirements can be speci f ied, ¡ t is necessary to

determine the dietary conditions to which the requirements must apply.

Interactjons between Cu and other dietary components, such as Mo and S,

in particular are of prime concern.

Cu requirements in sheep increased by 50% by raising the sulphur

content of the diet from the lower to the upper I imìt of the normal

range of forage S (t.lhitehead 1966 as cited in Underwood 1981). Thornton

et al. (1972) reported cattle grazing pasture forage wìth adequate Cu

levels of 10 to 14 mg Cu kg-l showed signs of Cu deficÌency due to the

high Mo (3 lo 20 mg kg 1) content of the pasture. From thìs study it

was concluded that v¡hen Mo levels are greater than 1.0 mg kg-l DM, it is

important to know the dietary ratio of Cu:Mo v¡hen considering dietary Cu

requì rements. Mì I tmore and Mason <1971 ) reported a Cu:Mo rat ì o I oç'er

than 2zI can result in Cu deficiency in cattle. A Cu:Mo ratio of 4:1

was thought to þe ideal (Alloway t973; Stewart and Racz 1977; Fisher and

Waì dern 1978) .

Dietary Cu requirernents are based upon the need for Cu to meet

endogenous body losses and the demands for growth' pregnancy and

lactation. Preruminant caìves at 40 kg body weight are reported to have

an absorption coefficient for Cu of 0.7 whì le al I other ruminating

cattle have a coefficient of 0.04 (ARC 1980). tJhen dìetary S and Mo

contents are known, Cu absorption coef.f.icients can be calculated from

the equat i on by Sutt I e and Mclauch I an (1976). These researchers

examined data from repletion experiments v¡ith sheep in which the true

avar labi I ity (A) for Cu was measured in diets differing in Mo and S
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content. The availability was highly correlated (r = 0.93) with the

djetary concentrations of S (g kg-l) and Mo (mg kg-l as described in the

equat i on :

log (A) = -1.153 - 0.076 (S) - 0.013 (S x Þ1o)

Table 1 lists the Cu requirements of cattle through different classes

(ARC 1980).

Sn¡ith (198Ð reported that the maintenance requirement for a wide

range of species fell within a narrow range of values when expressed on

a peî kg body weight (Bl¡t) basìs. Dietary cu requirement is

approximately 0.l mg kg-1 Btl p", day. Requirements show no general

relationship to metabolic rate but do show some variation in relation to

growth rate. During growth, differences in dietary Cu requirements are

modi f ied by I arge di fferences in avai I abi I i ty of that Cu. Endogenous

I osses of tnace e I ements are more I ogi cal I y re I ated to body si ze than

netabol ic rate and energY needs.
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Table l. Estimated requirements of copper for cattle*

Live
weíght

(ke)

Rate of gain
stage of

pregnancy or
rnllk yield

Absolute requlrement
(rne Cu/day) Relative requlrement

(mg cu kg-l at.t nu)Class of anlmal Net Dletary

Pre-rumÍnant calf
Growing cattle

40

100

0.5 kg/day galn 0.81 116

31
44

48
61

66
79

88

tr4
t4I
113
138
163

t.12
8-14(6.2)

10-16(7.s)
f

0.5
1.0

r.24(
r.76(

0.s8)
0.81)

200 0.5
1.0

r.94
2.45

2.64Q.2s)
g.ro(1.49)

8- 14
9-15

8-1s(6.7)
e-ts(7 .2)

300 0.5
1.0

Adult
Pregnant cow

500

s00

0 3.50 r2-t9
7 months
9 months

4.56
5.64

t3-17
I 3-20

Lactating cow 500 10 kg rnilk
20
30

4
5

6

50
50
50

10- 14
8-1 I
8-11

*ARC (1980).

*Calculated from:
milk, 0.1 ng Cu kg
of the conceptus.

end
-l

ogenous loss, 7 ug Cu t g-1 r,w per day;
pregnancy, based upon predicted daíly

growth, I mg Cu kg-l gain;
increments in the Cu content

fv"lrr." in bracþets reported by Suttle (1983). Endogenous loss,3.4 u$ Cu kg
0.47 ng Cu kg-l gain; absorptíon coefficient of 0.03.

-1 growth,
\¡



AbsorPtion of CoPPer

The absorption of Cu in the body is influenced by dietary intake of

Cu as wel I as genet ic factors, ô9ê, dietary composi t ion and the

physiological state of the anirnal (Underwood 1977).

Copper absorption aPPears to be very rapid in the upper intestine;

however, specific sites of absorption are not agreed upon. In most

marrurrals, copper absorption appears to take place in the stomach or uPPer

portion of the smal I intestine (Aspin and Sass-Kortsak 1981 ). Van

Campen and Mi tchel I ( 1965) found copper absorpt ion in rats to be

greatest from the stomach with declining rates from the pyìorous to the

ileum, where absorption declined to 20% of that from the stomach. Owen

(1964) reported copper absorPtion in the rat to be highest from the

jejunum fol lowed by the stomach. In everted intestinal sacs of the

hamster, maximal copper absorption was found to be in the ìower smal I

intestine (Crarnpton et aì. 1965). It is not clear whether differences

in sites of absorption are due to a species effect. In sheep, Prokuchin

et al. (1976 as cited in Georgievskii 1982) reported absorption occurred

in the forestomach, while Grace (1975) found the large ìntestine was the

si te of considerable absorption,

The rapid absorption of. copper in the smal I intestine was

demonstrated by Marceau et al. (1970). The maximum rate of appearance

of 64C, in the plasma of the rat occurred at 0.5 hours after dosing. In

man serum 'o}u, bound to albumin and partly to amino acids, peaks at I

to 2 hours after dosing followed by a drop as the liver takes up the Cu.

A slow secondary rise ¡n 64Cu in plasna aPpeared for 49 lo ?2 hours as

the copper becomes incorporated into the copper protein, ceruloPìasmìn
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(Sternleib 1967) '

In the low pH contents of the stomach, copper ions are readily

soluble and available for absorption. As the gastric contents pass lnto

the duodenum they are subiect to an ìncreasing pH environment' Copper

ions tend to form insoluble precipitates in a basic medium. These

precipitates were thought to inhibit copper absorption (Al len and

Solomons 1984). However, Gol lan et al . (t97t) found substances that

formed soluble complexes v¡ith copper under alkal ine conditìons in human

al imentarY secret ions.

Cu is essential for the microflora of the forestomach. Rumen

microorganisms take up cupric ions forming a water soluble complex.

-.1
Rumen fluid contalns Cu at a concentration between 0.1 and 1.0 mg L'.

Cu in the rumen affects volati le fatty acid formation and bacterìaì

protein synthesis (Georgievski i 1982).

Suckl ing animals have a more efficient absorption mechanism to

ensure an adequate Cu supply. Bremner and Dalgarno (1973a, b) estimated

that SO to 60% of the Cu from a diet supplemented with cuprìc sulphate

offered to calves at 3 to 14 weeks of age was retained in the liver'

The Cu absorption coefficient predicted by ARC (1980) is 0.7 f.or calves

and 0.04 for mature cattle. The high Cu uptake of the young animaìs was

thought to be due to a high retention of immobile Cu in the intestinal

waìls which becomes mobile as the animal is weaned (Bremner 1980)'

Efficiency of Cu absorption increases during pregnancy (Davìes and

Wi ll iams 197O. They f ound the absorption of an intragastric dose of

64Cu to be 54ro in pregnant rats versus 26% in non-Pregnant rats.

Dietary copper varies in form and aval labi I ity. Using ìabel led

copper compounds wi th sheep, Lassi ter and Bel I ( 1960 ) found the
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AbsorPtive Mechanism

Few studies have been undertaken to identify the mechanisrn by which

Cu is absorbed (Crampton et al. 1965; Marceau et al, 1970; Hall et al.

Lg79i Bremner 1980). It ls suggested that Cu absorption from the

mucosaì to the serosal side of the intestine occurs by tt¡o separate

steps; first movement thnough the mucosal membrane, and then transPort

across to the serosal side.

Both steps are dependent upon the concentration of Cu and are

saturable. Mucosal uptake is not energy dependent, whiìe transport out

of the cell is. The second step operates at a rate lor¿er than that of

mucosal uptake and may limit the transfer rate of Cu (Cranpton et al.

1965). Marceau et al. (!970) reported the entry rate of 54Cu into rat

plasma was linearly related to the anount of Cu given by a stornach tube

up to doses of 12 ug Cu. Under these conditions, 30% of the metal \{as

aÞsorbed. The relat¡onship was non-linear at doses between 12 and 36 ug

Cu. The percent copper absorbed decreased to 13% at 36 ug Cu. Maximum

absorption rates were achieved within 30 minutes, with absorption

continuing at a slower rate for several hours thereafter. Thts could be

due to the passage of 64C, into the lower small ìntestìne where the rate

of absorptìon of Cu was lower. However, it could be the result of a

satunation of the rapid lransport system, which in turn leads to an

increased involvement of the slower transport system (Bremner 1980).

The sìower rate of absorption system could resuìt from the mucosal

cel I uptake of Cu and the subsequent slow Cu release from these cel ls

(Crampton et al. 1965). Evans and Johnson (1978) proposed that the

important step in the reçlulation of Cu absorption was the binding of the
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Cu in mucosaì cel ls to a speclflc Protein, metal lothionein (MT) ' when

d¡etary copper vras high. The oral acfninistration of Cu induced HT

synthesis in the rat intestine whi le adninistration of cycloheximìde' an

inhibitor of. MT synthesis, increased Cu absorption due to the lack of

storage of Cu by MT. Alternatively, Bremner (1980) found that the

ef,f.iciency of Cu absorption decreased and no increase in the mucosaì

content of 64Cu or Cu-MT çras seen when dietary Cu was increased in rats.

Hall et al. (t979) reported the concentrations of non-radioactive Cu and

Cu-MT in the intestinal mucosal of rats were not greatìy affected by

oral or parenteral doses of Cu.

The proposal by Evans and Johnson (1978) that MT may act as a

mucosal block may hold true in certain situations. Hal I et al. (1979)

reported that the intestinal absorption of 64Cu ur.= decreased in rats by

50% after increasing dietary zinc to 900 mg fg-1. There ttas a maior

increase in the mucosal content of 64Cu with most of this additional

64Cu b"ing bound to I'lT. The antagonistic ef fect of zinc on copper

absorpt ion aPpears to be rel ated to i ts abi I i ty to increase the

concentratìon of MT in the mucosa by up to 25 times. Copper has a

greater affinity than zinc for binding sites on MT. Therefone, Cu can

displace zinc from MT and form a copper-MÎ complex which ìs not readily

transported into the blood (Bremner 1980).

Brewer (1987) appeared to agree wìth Evans and Johnson (1978) in

that Cu can increase the MT content in tissues. An enzymatic function

of MT has not been found but when large amounts of Cu are ingested, MT

prevents the development of Cu toxicity by binding Cu and slowl y

releasing the Cu from the enterocytes to the bloodstream. People ç¡ith

Menke's dìsease and brindled mice have a strong retention of Cu in
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enterocytes by MT. The genetic defect is thought to be caused by a

mucosal block'
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Copper Transport in the Circulatorv Svstem

About 90 to 952. of the total pìasma Cu is tightly bound in the form

ot. ceruloplasmin (Cp0x) an oxidase synthesized in the I iver. This

complex is referred to as the "indirect-reacting Cu" since it wiìI not

react with diethyldithìocarbamate unless the Cu becomes ionic as a

result of acid cleavage of the protein-Cu linkage (Aspìn and

Sass-Kortsak 1981). A small fraction (1 to ?'o) of the Cu not bound to

Cpgx is associated with selected amino acids such as histid¡ne'

threonine and glutamine. The remaining non-CpOx bound Cu is loosely

bound in its cupric form to albumìn, This is referred to as the

,,direct-reacting Cu since it reacts wìth diethyldithiocarbamate, without

acìd cleavage. The albumin- and amino acid-bound Cu are thought to be

in equìlibrium with each other (Bremner 1980).

The forms in which Cu passes to the serosal side of the intestìnal

mucosa have not been establ ished (Bremner 1980). In the plasma, Cu is

rapidly incorporated into complexes with albumin and amino acids. These

complexes are rapidly taken up by the I iver and othen tissues. The

I iver is the rnain organ in the body for Cu storage and metabol ism.

Copper reaching the I iver is incorporated into the mitochondria,

micnosomes, nuclei and soluble fraction of the parenchyma cel ls

(Underwood 1977>,
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CopPer Excret ion

In the ruminant, Cu is released into the bile and ultimately into

the feces. Trace amounts of Cu are also excreted in the urine,

perspiration and mi lk (Underwood 1977>

The anount and rate of fecal Cu excretion depends upon the amount

and form of dietry Cu. Lassiter and Bel I (1960) fed varìous copper

sources to sheep and examined Cu excretion. After oral dosing oÍ' the

sulphate, chloride and nitrate Cu sources, cumulative fecal excretions

ranged f,ron 784 to 87% of the dose after 96 hours but only 3% of the

dose for the cupric oxide needles.

Cumulative urinary excretion fol lowing intravenous iniections of

cupric sulphate, chìoride and nitrate showed the chloride excretion to

be greater than the sulphate or nitrate forms. Significantìy more Cu

sJas excreted i n the ur i ne and feces wì th the ch I or i de source . The

sulphate form has the lowest solubility in water followed by nitrate and

chloride. Tissue uptake is greater vrìth the sulphate form and less cu

frorn this source was seen in blood, plasma, urine and feces (Lassìter

and Bell 1g60). Cumulative fecal excretions averaged 7, 80 and 90% when

oral doses of cupric oxide needle, cupric carbonate and cuProus oxide

powder were given. Cumulative urinary excretion was greatest for the

carbonate (3.12. of the dose) whereas it was only 0.19 to 0.25v. for the

other sources (Lassìter and Bell 1960).

Urinary Cu is excreted in low amounts due to the fact that ionic Cu

does not exist in a free state in biological systems. it is usual ly

bound to proteins or amino acids (Aspin and Sass-Kortsak 1981). Bremner

and young (1978) reported increases in urinary Cu excretion in rumìnants
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fed diets high in I'to and S. This was thought to be due to the presence

of a Cu-Mo-sulPhate complex in the plasma. This cornplex of. minerals,

not metabolically available to the animal, is taken up by the kidney nd

excreted.

Soli and Rambaeck (1978) reported that Cu excretion in the bile is

at very low amounts; however in their study, no bile was returned to the

intestine. Brown <1967) reported the excretion of Cu in the bi le of

sheep is fol ìowed by a mechanism which involves restricted fi ì tration.

Cu excretion in bile was stable in sheep at 10 to 35 ug dl-l. When

large amounts of Cu ère suddenly released in the body foì lowing

destruction and reabsorption of blood coagula, Cu filtration increases,

and concentrations of Cu in the bile can reach concentrations of Cu seen

ln plasma. 0wen (1980) reported that in Cu deficient states there ls an

increase in the partitioning of liver Cu to the synthesis of Cp0x at the

expense of the bi I iary compartment. In pnegnant rats, there ¡s an

almost discontinued bi I iary Cu excretion despite the fact that hepatic

Cu remains normal.
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ractors Affectino Cu Avai labi I itv

Pl ant Factors

Mineral content of forages can be detenmined chemical ly but

biological avai labi I ity is nore difficuìt to estimate. B¡ologtcaì

availabllity of minerals in forages is a partial functìon of the extent

to which they are solubilized in the rumen (Kincaid and Conrath 1983).

Cu availability may be reduced by soluble plant proteins (lvan and Veira

1981 ).

The mineral in forages consist of. three fractions: a fast

reacting, soluble fraction of high bioavai labi I ity to ruminants' a

fraction which is avaì Iable for absorption due to fibne and Protein

digestion and a bound fractìon of low bioavai labi I ìty (Kincaid and

Conrath 1983). The percent of total Cr.r associated with acid detergent

fibre in alfalfa hay and grass silage wàs approximately 40 and 60"6,

respectively. As forage quality declines, with a concom.itant decrease

in crude protein and an increase in fibre level, Ca, Mg and Cu in

alfalfa, and P, M9, Zn and Cu in grass siìage decline. Ca and Cu in the

neutral detergent fibre and acid detergent fibre fractions decrease when

there are increased amounts of. cel I wal I and I ignin. This suggests

there is a dilution or translocation effect (Kincaid and Conrath 1983).

Underwood (1981) reported that Cu and Mo levels fal I to a smal I

extent with advancing maturity of a forage. However, Jarvis and Austln

(1983) reported grass samples fell to a low of 3.0 mg Cu t<g-l DÌ'l in July

compared to an average value of approximate ly 7.5 mg Cu t<g-l ON for the

rest of the grazing period.

There is evidence that avai labi I ity of Cu to animals is higher in
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mature as opposed to fresh herbage (Hartsnan and Bosman 1970). The

decllne ln hepatlc reserves on turning cattle out to graze short grass

is more rapid than when grass at a later stage of growth is consumed.

Hay has a higher Cu availability than fresh forage (Ferguson et al.

Lg43>. Diarrhea lras seen in cattle grazing forage high in Ho content'

However, the diarrhea stopped when the forage was frosted or made into

hay. The response !,às thought to be a result of. a decrease in the

r¡ater-soluble Ho content of the forage with little or no change in total

Mo.

Fleming (1965 as cited by Reid and Horvath 1980) concluded legumes

usual ly contain higher concentrations of Cu than grasses. The decì ine

in concentration of Cu and Ho ìn grasses and legumes with advancing

maturation is continuous in grasses but not with leelumes (Reid and

Horvath 1980). Leeume species were general ly found to be higher in Cu

than grasses in Northwestern Manitoba aithough ìn some cases, grasses

had higher Cu levels than legrumes (Boi la et al' 1984c)'

Grasses differ in their Cu avai labi ì ity. Heifers fed quack grass

vrere less susceptible to Cu deficìency than those fed tal I fescue,

although the fescue contained rnore Cu (Stoszek et al. 1986). Grains are

lower than forages jn Cu content. Plants containìng high levels of Mo,

S, phytate or I ignin may be reduced in Cu avai labi I ity (Underwood

1977).

Soi I Type

Copper deficiency in I ivestock occurs on a wide variety of soi I

types (Underwood 1981). This relates to the fact that many forms of Cu

imbalances are due to ìnterference from other minerals. Rocks with the

higher Cu concentrations are þasic rocks such a3 basalt and doler¡te
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whj le lower levels are found in the acid rocks such as granite.

Molybdenum levels are highest In the acid volcanic, metamorPhic and

sedimentary material. llolybdenum is concentrated in shales, clays,

phosphorites, petroleum and coal. Soil contents of Mo are often higher

than in parent rock (Reid and Horvath 1980).

Soils often associated with the Cu-Mo problem are the peats, muck

and poorly drained soi ls with high organic matter content (Reid and

Horvath 1980). This may be due to the strong binding of Cu in organic

complexes or to the low total Cu content of organic soi ls. A high

organic matter content in soils is often due to poor drainage and a hlgh

water table which favours the uptake of Mo in plants.

Available Cu in soils is in the cuprtc form, in the cupnous form

chelated to a clay-humenous complex and as ions ìn true solution (Reld

and Horvath 1980). The avai labi I ity of Cu to plants decreases as the

soi I pH ìncreases. Molybdenum in soi ls appears as MoOO2-. At higher

sol I pH, high soi I organic matter levels, and cal careous soi ls, Mo

avai labi I ity is enhanced, Liming increases Mo uptake due to an increase

in soil pH (Mitchell et a1.1957).

The amount of water in the soìl rnay affect the process of. Cu

þecoming complexed with organic soi ls which form Cu compounds.

i'/aterlogging resul ts in the development of an anaerobic environment

developing around the roots with a corresponding drop in soil pH which

increases the rate of Cu mobilization and absorPtion (Reìd and Horvath

lgBO). However, this condition may also increase the availabiìity of

Mo, antagonizing Cu at the roots (Beeson 1978).
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Bl ood CoPPer

There is I ittle difference in the concentrations of Cu in whole

blood, serum and plasma because Cu is fairly uniformly distributed

between erythrocytes and plasma, except in Pìgs (Georgìevski¡ 1982).

The normaì range of Cu in whole blood, serum or plasna in ruminants is

80-120 ug dl-l. Levels consistently below 60 ug dl-l in cattle or sheep

are indicative of Cu deficiency (Underwood 1977>.

Pìasrna Cu ,is recognized to be more sensitive measure of Cu status

in animals than whole blood Cu (Dreosti and 0uicke 1968). The Cu

content of erythrocytes !¡as unaffected even in severely depleted

animals. It appears plasrna Cu levels in the normal animal represent a

saturated level of Cu transport. Increased Cu intake does not usual ly

lead to an increased plasma Cu level in the normal animal.

For this reason, Pnice and Chesters (1985) developed a more

sensrtive bìoassay of Cu deficiency. The bioassay meàsures cytochrome C

oxidase in the duodenal mucosa and resulted in a linear response to Cu

doses f rom CuSO.r. They !¡ere i nterested i n the ef f ect of I'lo upon

avai labi I ity of Cu. The method may be useful in assessing relative

avai labi I ities of Cu from various Cu sources.

Significant breed differences in plasma Cu concentrations have been

reported in sheep and cattle (Suttle 1985). }lelsh mountain sheep have

higher plasma Cu leveis than Scottish Blackface sheep. Sheep of the

Welsh genotype had a lower incidence of wayback, a condition caused by

Cu deficiency, than did Bìackface sheep. These differences were

correlated with plasma Cu concentration (t{iener and Field 1969>.

Rowlands et al. (1974) reported significant differences in blood Cu
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levels in Hereford x Friesian calvesfroml2dif,ferentsires. They

found a heritability value of 0.34 for blood Cu. Angus-sired covrs had

lower plasma and I iver Cu values than Herefond-sired co$rs but

Simmental-sired calves had lower values than both breeds (Smart and

Christensen 1985). Gooneratne (1986) reported that Sinu¡rental cattle have

a higher dietary Cu requirement than Angus. It appears Sirnmental cattle

excnete more Cu in their urine and bi le.

For cal cium, magnesium, phosphorus and Cu, heri tabi I i ty est imates

rangìng from 0.2 to 0.4 suggest the concentration in the blood could be

changed by selection. However estimates of heritabi I ity may be

influenced by the plane of nutrition leading to confl icting heritabi I ity

reports, However, it is general ly agreed that there is evidence for

genetic varìation in blood Cu concentration suggesting the possibi I lty

that the amount of Cu in the diet which is appropriate or safe may

differ among breeds (l.liener 1979).

The concentration of Cu in blood decreases rapidly in cattle and

sheep on Cu deficient diets (McMurray 1980). Values for these Cu

parameters may be below the accepted normàl I imits, whlle the animal

appears cl ìnical ly normal. The level of plasma Cu must be maintained

below 30 ug dl-l for 16 to 24 weeks before growth rate or food

conversìon ratio is affected by Cu supplementation (Suttle and McMurray

1983).

Ceruloplasmin is a single-chain glycoprotein from the alpha-2

globulin fraction of plasrna, named as such because of its deep cerulean

blue color (Frieden 1980). It binds 6 Cu atoms, 4 of which must be

present in order for the oxidase enzyme (CpQx) to be active. CpQx has a

molecular weight of t32,000 and normally bìnds 90 to 95% of the plasma
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Cu'

Cpgx synthesis occurs in the I iver where Cu is incorPorated into

the apoceruloplasmin to form holoceruloplasmin. Al I species have lov¡

CpOx levels at birth which rise unti I levels characteristic of mature

anlrnals are reached at one year of age (Aspin and Sass-Kortsak 1981).

Reductions in Cp0x and plasma Cu concentrations were observed ln

cows (McMurray 1980) before calving, with immediate increases foì lowing

calvìng. The decrease before birth most I ikely reflected an increased

requirement for Cu by the dam for fetal Cu deposition. The increase

after birth may reflect an increase in the availability of Cu for CpOx

synthesis (McMurray 1980). Plasma Cu concentration increases rapidly in

neonatal calves during the first 96 hours after binth (McMurray et aì.

1978). An rncrease in Cp0x activity has been observed in other species

during an estrogenic stimulus but this increase is absent in cattle

(Underv¡ood 1977> .

Studies have demonstrated that CpOx can mobilize Plasma Fe from the

storage sites for Fe in the I iver. CpOx functions to oxidìze Fe fnom

the ferrous (Fe+2) form to ferric (Fe+3) form which then becomes bound

to transferrin. In this form, Fe is del ivered to al I the cel I s,

particularly the reticulocytes involved in haem biosynthesis in bone

marrow (Frieden 1980).

An extremely important function of CpQx is that of Cu transport

(Frieden 1980). It is thought that the transport of Cu from CpOx to a

cel I requires a specific receptor mechanism in the target tissues as

well as a reductive step because of the greater ability of Cu in the

Cu+1 form. The mechanism proposed by Frieden (1980) for the

incorporation of Cu from CpOx calls for an intracellular Cu enzyme or
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protein. Cu+2 from CpOx is reduced by endogenous substrates under

anaerobic conditions. If this occurs at the cel I membrane Cu+l is

transferred into an intracelluiar acceptor. However, CPOx may Penetrate

the cell without the aid of an acceptor. In the Cu+1 form, Cu is added

to the apoenzyme where it is fixed into the holoenzyme with the aid of

oxygen in the Cu+2 state. This mechanism explains the primary role of

Cpgx as a Cu transport and donor molecule, the high exchangabiiity seen

with Cu+l I igands and the greater stabi I ity of the Cu ion in Cu+2

prote i ns.

It is possible that CpOx catalyzes the oxidation of the biogenic

arnines S-hydroxytryptamine and noradrenal ine (Barrass and Coutt 1972> '

If the cerebral levels of these neurotransmitters are regulated by CpOx'

then this Cu protein could function in the reçrulation of brain chemÌstry

that ìs needed for menlaì furrctlon. Abnormal ities in CpOx levels may

lead to a chemical imbalance reflected in abnormal mental states'

CpOx functjons as a prominant serum anti-oxidant by Prevent.ing

deleterious oxidation of polyenoic acids (Frieden 1980). It acts as è

scavenger for superoxide anion radicals in a mode of action simllar to

the enzyme superoxide dismutase but in a much weaker manner. Finalìy'

Cpgx acts as an acute-phase reactant in a role which may be related to

its antioxidant function. As an endogenous modulator of the

inflammatory response, serum Cp0x is increased two to three times in

response to i nf I ammat i on ( Fr i eden 1980 ) .

In aì I species, CpOx actìvity has been used diagnostical ly to

identify a Cu deficiency (Frieden 1980). Elevated Cp0x levels were seen

in Cu deficient sheep and cattle after being fed a Cu suppìemented diet

(Lorentz and Gibb 1975)¡ Kincaid et al. 1986a). Blakelv and Hamilton
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(1985) found a linear response in Cpox levels throughout a range of

deficientandadequateCustatuslevelsincattleandsheepsuggesting

that Cpgx levels are a reliable indicator of Cu status in both deficient

and adeguate Cu status animals.

Conparisons of ovine and bovlne serum Cp0x.relationship indicate a

significant species difference exists (Blakìey and Hamilton 1985).

0vine CpOx activity increased more rapidly compared to the corresponding

bovine activity over a range of dietary Cu concentrations investigated

(Blakley and Hamilton 1985). Cpox activity in bovine serum was reported

to be significantly lower than that in bovine plasma; serum CpOx

actìvity was 18 to 35% lower than plasrna CpOx activity. McMurray (1980)

suggested that CpOx is sequestered during blood clotting resulting in

relatively lower serum Cp0x activity.

Cp0x activrty in bovine pìasrna and serum were found to be more

variable than plasma Cu or serum Cu. Correlation coefficients of Cp0x

to plasma or serum cu levels were lower than those for plasma cu

relative to serum Cu concentrations. Coefficients reported were plasma

Cu to serum Cu (r = .99)i serum CpOx to serum Cu (r = .48) plasma CpOx

to plasma Cu (r = ,43) (Kincaid et al. 1986a)'

Hìgher correlatìon coefficient vaiues were reported by Blakley and

Hamilton (1985). They reported: bovine serum cpOx to serun cu as r =

0.83, bovine plasrna CpQx to plasma Cu as r = 0.50 and ovine senum CpQx

to serum Cu aS r = 0,92. Coef f. icients as high as 0 '93 have been

observed using bovine plasma samples (Bingley and Anderson 1972) ' It is

not surprising such good correlations are observed since CpQx is

reported to contain 90e" of the circulating Cu in normal animals (Frieden

1980 ) .
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Since CpQx synthesis occurs in liver, a maior site of Cu storage,

it would be expected that CpOx activity r¿ould be a useful indicator of

hepatic Cu concentration. However, studies with cattle and sheeP have

shown that correlations are general ly Poor at levels of 0.50 (Blakley

and Hamilton 1985; Sriastura and Dr,rarak t972 as cited in Blakley and

Hami I ton 1985). It appears that CpQx activity is poorly related to

hepatic Cu concentrations. The activity of CpOx is probably maintained

at the expense of liver Cu stores and would not necessarily reflect

these reserves until liver stores have been depleted. Under normal Cu

conditions, most of the Cu in the liver is probably sequestered in a

storage pool and is unl ikely to be correlated closeìy wi th the

functlonal copper pool that is associated with CpQx (Blakely and

HanÌ I ton 1985).

The Cu containing fraction of the erythrocytes ìs dìvided into two

parts: the enzyme superoxide dismutase (SOD) and a free labile pool

(Hassan 1980). Approximately 60% of the Cu in erythrocytes ls

assocìated with SOD which contains 0.34% Cu. This form of Cu in the

blood çras original ly known as erythrocuprein. Superoxide dismutase is a

metal loenzyme which cataìytical ly scavenges the superoxide radlcal. It

is essential fon the aerobic survival of. I ife forms. SOD has a

molecular weight of 34,000 and contains two Cu and two Zn atoms (Hassan

1gB0). Repìacement of the Cu by other metals results in a loss of

activity. However, Zn has been replaced by Co, Hg and Cd without a loss

of activity (Forman and Fridovich 1973). Therefore, it is known that Cu

plays a catalytic role, whereas the Zn plays a structural role. SQD

functions to provrde protection against oxygen toxicity, compounds that

cause exacerbation of oxygen toxicity, radiation damage and the damagtng
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effects of prolonged inflamrnatlon. Cu-Zn-SOD has been isolated in many

organs including the liver and brain (Hassan 1980).

Cu nutrition affects the activity of SQD in the erythrocytes of

rnarnmals. The activity of SOD in erythrocytes decreases in Cu depleted

sheep and cattle and increases in repleted sheep and cattle. In both

these species, the rate of response to a changing Cu status, as measured

by SQD activity, is delayed with respect to the changes in plasma Cu'

it e/as suggested that erythrocyte SOD reflects a wider range in the

severity of Cu deficiency. Plasma and I lver Cu concentrat.ions approach

mlnimum values before cl inical symptoms of Cu defrciency occun in

steers. Therefore , they are bet ter i ndi ctors of. Cu status than

erythrocyte SgD activity. SOD activity does not respond in the same way

as plasma Cu to physiological effects such as growth' pregnancy and

lactation; it is basical ìy an independent measure. Unl ike CpQx'

erythrocyte SQD is not correlated to plasma Cu concentrations (Suttle

and McMurray 1983).

paynter and Al len (1982) reported that for growth of cattìe to be

affected by a simPIe Cu deficiency, plasma CpOx activity must be near

zero and erythrocyte SOD should be decreased lo 75'< of norrnal activity.

SoD activity differs in animals of different ages. Erythrocyte SOD

concentration in the neonatal calf is twi ce (1.2 mg SOD g-1 Hb) the

activity found in the adult (0'6 mg SOD g-1 Ho> (Hassan 1980)'

A srnal I er proport ion of the cu in erythrocytes forms I abt I e

compounds with albumin and beta-globul ins, forming a dialysable fractlon

which is in dynamrc eguilibrium with erythrocyte SOD. This fraction of

Cu is used by SOD, ensuring an adequate supply of Cu to maintaìn SOD

activity (Georgievski i 1982).
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A reduction in SOD activity may have cl inical consequences for the

anlmal (Chance et al . 1979>. An alteration in the positive effect of

SoD on the leucocytes or other cells against superoxides produced during

phagocytosis would result in a ìoss of control over the inflanmatory

response. As a result of a reduced phagocytosing efficiency, the Cu

deficient animal would be less resistant to infection.
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Liver CoPPer

once Cu is absorbed from the intestine, ionic Cu ls transPorted in

the blood to the liver as an albumin or amino acid complex. The liver

separates the Cu fnom the complex and the Cu is ioined with a

low-molecular weight protein in the I iver. Frorn here, Cu enters a

number of pathways in the liver. Some of the Cu is raPidly excreted in

the bile. Some Cu is slowly converted to CpOx and returned to the

blood. The Cu which reaches the liver in amounts too great to be

converted to CP, is stored for future use (Owen 1980).

Development of Cu deficiency in animals consuming diets lot¡ in Cu

is slow, indicating many species posses5 appreciable stores of Cu. The

liver is the main Cu storage site in the body, although large amounts of

Cu also accumulate in other tissues. The concentration of Cu in liver

strongly depends on the Cu concentratton in the dÌet (Georgievskl i

1982).

Claypool et aì. (t975) estìmated that in order to maintain a normal

plasma Cu leveì, the minimum I iver Cu level is 40 mg kg 1 ot'l ¡n cattle'

Plasnra Cu was a poor indicator of I lver Cu status unless plasma Cu \das

at levels of 50 ug dL-1 or less. Blakley and Hami I ton ( 1985) reported

serum Cu and CpOx activity were not highly correlated with hepatic Cu

concentrations ìn cattle and sheep.

The normal Cu concentration in cattle and sheep is 100 to 400 mg

-tkg-r DM (Urrderwood 1977>, The content of Cu in the llver varies with

the age of the animals. A calf is born v¿ith high liver Cu concentration

(approximately 300 mg kg-1 DM).

Ìlhen large amounts of Cu are fed to pregnant animals, eXceSS Cu
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concentratlons are found in the I ivers of the newborn anlmals

(Georgievskii 1982). L¡ver Cu levels of dams fed a low Cu diet were not

correlated with fetal I iver concentrations. Accumulation of Cu in the

ljver starts very early in fetal development and reaches levels higher

thañ that of its dam, up to 180 days of gestation. After this time'

liver Cu in the fetus of a Cu deficient dam declines but the liver Cu in

the fetus of a Cu adequate dam continues to increase (Smart and

Christensen 1985).

Animals appear to differ in their capacity to bind Cu in I iver

tissue. The concentrations of Cu in the livers of animals decends as

fol lor.rs: sheep)cattle)rabbits)pigs>ducks>hens (Georgievski i 1982>. In

cattle and sheep, an increase in dietary and liven Cu does not appear to

lead to a rise in blood Cu concentrations (Underwood 1977),

There are three specific Cu storage proteins in the liver. They

are hepatocupreln (SOD), MT and mÌtochondrocupretn. When I iver Cu

concentratrons are low, SOD can account tor 20 to 50% of the total Cu ln

the I rver. As I iver Cu levels decrease, the relative contribution of

SOD decreases. In ruminant I iver, as I ittle as 4% of the Cu mdy be

associated with SOD (Bremner 1980).

MT is thought to play a maior role in the storage of liver Cu. In

Cu supplemented pigs and newborn calves, a Cu proteìn was purified whìch

had an amtno acid composition identical to MT, with a cysteine content

of 30%. There were up to 10 moles of Cu and Zn bound to each mole of

protein givìng the egurvalent of one metal atom for every two cysteine

residues. The Cu to Zn ratio was found to vary from 4:l to 1:1 (Bremner

and Young 1976>.

The function of l,tT in the control of hepatic Cu metabolism is stì ll
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unclear, ttT rap¡dly incorporates injected Cu suggesting the protein is

lnvolved in hepatlc Cu uptake (Bremner 1980). However, lnhibition of MT

synthesis by cycloheximide had no effect on accumulation of hepatic Cu;

theref ore, l,tT may not be essential f or this process (Bremner and Davies

197il. These authors suggested the alternative hypothesis that the

protein functions as a temporary storage or cel lular detoxification of

Cu.

Evidence for a role of MT as a temporary reservoir for Cu which is

transported to other cel luìar proteins was reported by Seagrave et al.

( 1 986 ) . They repor ted that the rate of Cu uptake by h i gh- and

medium-molecular weight fractions in cultured cel ls decreased as the Cu

in MT was depleted. No mechanism of transfen was determined in the

study but they concluded that the process of Cu transfer from MT to

other con¡ponents ls a property of the I iving cel l.

The proportion of hepatic Cu bound to MT in cattle and sheep is

less than that in pigs (Bremner 1980). It is thought that the greater

susceptibi I ity of cattle and sheep to chronic Cu poisoning could be

related to their inabi I ity to accumulate large amounts of Cu as l'lT ìn

their I ivers. Cattle and sheep accumulate large amounts of hepatic Cu

but it is probably stored in a protein which does not temporarily store

the Cu as MT appears to do.

The pattern of Cu distribution in liver tissue may favour excretìon

rather than accumulatìon of Cu in some species (Bremner 1980). This may

explain why hepatic Cu concentrations in the pig rapidly faì I when the

animals are changed from a high Cu to low Cu ration, !¡hereas excretion

of ovine hepatic Cu occurs more slowly and is less sensitive to changes

in hepatic Cu concentrations.
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Three Cu and Zn binding proteins were identified in bovìne livers

(Mjor-Grimsrud and Norheim 1980). The differences in the amounts of Cu

and Zn among soluble proteins in bovine liver are dependent mainly upon

the total hepatic zinc concentration and to a small extent, on the totaì

Cu . concentration. At I iver Zn concentrations below 40 mg Zn fg-l ¡N

most Cu and Zn is bound to a high molecular weight protein (M.W. greater

than 65,000). At higher Zn concentrations, significantly higher

percentges of both Cu and Zn are bound to a iow molecular weight protein

(M.\.J. = 10,0OO), whìch is thought to be MT. These results are simìlar

to those found in the calf (Bremner and Marshalì 1974> and in the goat

(Mjor-Grimsrud et al. 1979) but not with those in sheep (Norheim and

Soli 1977> or swine (Froslie and Norhein 1977). In sheep, the amount of

Cu and Zn present in the low molecular weight MT-l ike protein is

dependent upon the hepatic Cu level. In cattle and goats, the binding

of, Cu and Zn to thÌs protein is primari ly dependent on hepatic zinc

levels. In swine, the distribution of the two elements is not

ìnterdependent. These dlfferences clearly indìcate that sheep dtffer

not only from swine but also from other ruminants.
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Copper and Molvbdenum in Milk

The concentration of Cu in ruminant milk varies with the species,

stage of lactation and Cu status of the animal (Underwood 1977). Copper

concentration in cow and ewe colostrum ranges from 0.20 to 0.30 mg L-l

and 0.50 to 1.40 mg L-l, respectively. Hilk contains Cu at 0.10 to 0.20

-lms L I and 0.25 to 0.40 mg L-l for co$ts and e$res' respectively

(Lonnerdal et al . 1981).

Copper content in bovine mìlk declined from 0.18 nrg L-1 to 0.06 mg

-1L-'by day 300 of lactation in dairy covrs (Vanderveen and Keener 1964).

The concentration of Cu in ovine milk also declines from 0.20 to 0.60 mg

-r -lL-¡ in early lactation to 0.16 to 0.40 mg L' in later months (Beck

t94L> .

Adding Cu to the diet to increase Cu in milk has not occurred in a

predictable manner. Underç¡ood ( 1981 ) concìuded from varying reports

that supplementary Cu dld not increase the Cu content in mllk. However,

Dunkley et al (1963) reported milk Cu values rose for a period of at

least 4 weeks following a 300 mg subcutaneous ìniection of Cu glyctnate;

however, this did not increase the incidence of spontaneous oxidized

flavour in the milk, a reaction which requires Cu as a catalyst. it was

suggested that the additional Cu had a low catalytic activity because it

$Jas bound in a different form from than in nornal milk. The levels of

other trace eiements were not influenced by the additional Cu. The

provision of an ìnjection of sod.ium sulphate had no effect on the levels

of minerals ìn the mi lk.

Cornpetitive interactions between Zn and Cu occur in the mammary

gland (M¡l ls 1980). Dietary Zn depletion and repletion leads to a



33

decrease and increase in Zn content in bovìne milk accompanied by a

reciprocal change in Cu content. It is not known whether Cd acts in the

same manner as zn in lactating females.

Hilk is considered to be a maior excretory noute for Ho. The

levels of Mo in mi lk are inf luenced by dietary l'lo (Underwood 1981).

Increasing l,lo as amrnonium moìybdate from 5 to 50 ms Kg 1 ptl in the diets

of Holstein cows resulted in an increase of Mo content in milk from 0.08

to 0.87 mg Ho L-1, .r"p.rtively (Vanderveen and Keener 1964>¡ m¡ lk Ho

was 0.03 rng L I in non-supplemented cows. Dietary Cu content was 2 mg

t g-l DM. Mi lk Cu levels vrere not affected. Adding 3.0 g kg-1 
"ulphate

to the diets did not affect the milk Mo content in the control animals.

With diets contaìning 5 mg and 50 mg kg-l aooed Mo and with 3.0 g rs-l

added S, there was a drop in mi lk Mo ievels to 0.05 and 0,22 mg L-I ,

respectively. The additlon of Mo and S to the diets of cows resulted in

a decrease of mi lk Cu concentration.

Huber et al. (197t) fed datry cattle 53 or 1?3 mg Mo kg-l DM 
"=

sodtum molybdate r.¡ith a basal Cu level of 6.4 mg Cu kg-l DM. Contrary

to Vanderveen and Keener (t964), Huber et al . (1971 ) found that the Cu

content in mllk increased from 0.10 mg Cu L-l fo, control cows to 1.08

to 1.27 ng L-t for Mo supplemented cows.

Wrttenberg (1985) reported that supplemental levels of Mo of 20 mg

tg-l Dl-.l and 40 mg kg l Dt'l frO to cows and ewes did not change the Cu

content of mi lk. Molybdenum levels in mi lk did incnease with each

increase ìn dietary Mo. Control cows and ewes had Mo mi lk levels of

0.10 and 0.14 mg L-l resPectively. When fed supplementary Mo at 20 ng

t<g-1 DN, cows and ewes produced ml lk containing 0.51 and 1.53 mg l'lo L-l,

respectively, while cows and ewes fed 40 mg Mo kg-l DM produced mi Ik
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containing 1.19 and 2.69 ng Mo L-l, respectively.

Molybdenurn supplernentation did not influence plasna Cu concentration

or distribution of Cu in calves or lambs (Wittenberg 1985). Liver Cu

levels for calves suckl ing l{o supplemented dams, tended to decl ine

relative to initiaì concentration. No difference in decl ine was noted

in suckl ing lambs. Holybdenum supplementation increased plasma Mo

concentrattons for ewes and their lambs.



3s

Hlnera l_JntgtåctloItS

Metabol¡c ¡nteractrons between Cu and othen trace elements such as

¡4o, S, Fe and Zn affect Cu absorpt¡on and utt I ¡zation. There are two

prrncrple rnteractions that affect the outcome of dletary def.iclencies

or excesses of Cu (þ1¡ I ls 1980). First, many of the varlous stages

assoc t ated w¡ th Cu absorpt i on , transpor t and t i ssue uptake are

susceptlble to lnterference from the srmuitaneous presence of ions that

etther reouce the solubrlrty of Cu wlthÌn the tntesttnai lumen or moolfy

rts fate after aÞsorptlon. These competittve interactrons may either

tncrease the effects of a low Cu dlet or lncrease the lolerance of a

dtetary Cu excess (Ml I is 1980). The second type of lnteractlon seen ls

when the metaboi ism of one element is rnfluenceo by an enzyme-cataiyzed

step tor wh¡ch à second element is essent¡al. An exampie ls the

partìclpatlon of Cu ¡n tron metaboltsm through the actton of CpOx (Mtì ls

1980 ) .

Copper-Mol ybdenum-Su I phur Interact i ons

Catile are the least tolerant specres to htgh dretary Mo f ollowed

by sheep wh r I e horses and prgs ane the most toi erant of oomest i c

Irvestccx (Underwood 1981). When Mo lntakes are low (0.8 mg rg-1 DM> a

mrnlmum requirement of 10 mg Cu tg-l DM was needed to prevent Cu

def lclency in calves (Mills et aì. 1976). An increase 1n dle*'ari'Mc

f.ron ? to 4 mg tg-l ol,1 can decrease the ef f rciency of cu utÌ lrzat ron

(Sutt Ie 1971) .

It ts clear that the Cu:Mo ratlo ts important in avoidtng a Cu

defrciency. An ideal ratio of 421 for cattle has been Suggesteo b-v

Al loway (t97J>, Steward and Racz (1977) and Fisher and i{àldern (1978)
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when Cu levels are at least 10 ms fg-l Ol':. Excess dietary Mo is thought

to have an inhibitory effect in the gut on the activity of sulphide

oxidase, a Cu requiring enzyme (Mason et al. 1978). This results ìn the

accumulation of lnsoluble cupric sulphide (CuS) in the tissue due to

depressed sulphide oxidase activi ty.

The availability of Cu in forages is profoundly influenced by the

concentration of S in plants (Mason 1978) and in water (Smart et al '

1g96). It Ìs not clear whether S (inorganic and organic) affects Cu

metabolism on its oç¡n or r.rhether it is dependent upon Mo (Gooneratne

1gg6). However, Suttle (1974) showed that increasing S sources from 1

to 4 mg fg-l nH .in ewe dÌets reduced Cu absorption by 4O%. This is

thousht to be due to the increase in the fraction of insoluble CUS in

the rumen and the gastroì ntest i nal tract beyond the rumen. Th i s

reaction is dependent upon the ruminal pool of sulphÌde. Huisingh et

aì. (1975) reported that molybdate may modify this form of Cu deficiency

as molybdate inhibits sulphate reduction in the rumen. However, if the

major dietary source of. S is S containing amtno acids, rllolybdate

increases the concentration of suìphide formed from these amino acids,

thereby aggravating the Cu deficiency by promoting sulphìde formation.

Sulphur toxicity has rarely been seen at levels below 0.25% S added

to the dìets of ruminants (Bul I 1984), For beef cattle, dietarv S

should not exceed 4 g Rg-l ON <HRs-NRc 1984>. Unl ike dietary suÌphate,

S in water is 100% available to the rumen (Gooneratne 1986). l{ater

containing S as sulphates can cause a secondary Cu deficiency in cattle.

Sulphur at 600 ms L 1 or higher increases the S in the total ratlon from

I g kg-l to 4 g kg 1 (Smart et al. 1986). The effect on Cu and Zn

status of sulphate removed from drinking vrater of beef cows and their
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calves sras studied by Smart et al. (1986). At calving the plasma and

liver Cu concentration had decreased in both groups but the decline was

greatest in the cows on the sulphated drinking water. After calving, Cu

concentrations in liver and plasrna increase, with the greater increase

seen in the cows drinking the desulphated v¡ater. Water treatment had no

effect on the Cu status of the nursing calves and on the Zn status of

the coçrs

in addition to the separate effects of Mo and S on Cu, a compìex

interaction between Cu, Mo and S is thought to play a role in reducing

Cu retention although its exact mechanism is not ful ly understood

(Gooneratne 1986). Dick et al. (1975) proposed a three-step series of

events: reduction of sulphate to sulphide in the rumen; reaction of.

this sulphide with Mo to form thiomolybdate (TM); reåction of the

thiomolybdate to form insoluble copper-thìomolybdate Cu-TM. This

complex ìs thought to be absorbed and eventualiy excreted in the feces.

Rather than ¡ust one TM being formed, a series of TM are formed. These

are oxyth¡omolyÞdates tHoOO-nSnl2-where n = 1 to 3 or tetrathiomolybdate
2-,?-

tMoSOl¿-. Of the TM, tMoSOJo- is the most potent and stable in the

-,rumen (Gooneratne 1986). The formation of MoS, ' depends upon the S:Ho

ratio in the rumen (Clarke and Laurie 1980). At normal S and Mo intakes

such as I to 5 g fg-l DM and 1 mg Mo kg-l DM, the formation of

dithiomolybdate or trithiomolybdate is favoured. Extenslve formation of

tetrathiomolybdate (TM4) occurs after a relatìvely long period of

feeding forage with a high S:Mo ratio (Gooneratne 1986).

Suttle and Field (1968) reported the addition of molybdate and

sulphate to the diets of ewes led to the appearance of a Cu fractìon

which was not released by treatment with trichloroacetic acid (TCA).
,, .t:l
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TCA-insoluble Cu was concluded to reflect a systemic consequence of the

molybdate x sulphate interaction and TM must therefore be absorbable.

The adninistratlon of TM4 to sheep in the duodenum led to the

appearance in plasma of TCA-insoluble Cu and low molecular weight

protein thought to be albumin, containing Cu and Ho (Dick et al. 1975>,

These conditions are simi lar to those produced by the additlon of

molybdate and sulphate to the diets of sheep (Bremner and Young 1978).

In these sheep, the cytosol preparations of kìdney cortex contaÌned

TCA-insoluble Cu and Cu and Mo accumulated in the protein fraction' A

sìmilar response was seen by Suttle and Field (1969> when TM4 was added

to the diets of lambs, in that there was tissue depletion of Cu except

in the kidney, where both Cu and Mo acsumulated. It appears TM induces

plasma protein compiexes which accumulate in the kidney in an

unsuccessful excretory route.

Grace and Suttle (1978) found that when 99lto}o2- was continually

infused into the blood of ewes on diets supplemented with molybdate and

sulphate, it did not exchange r.rìth the Ho being absorbed from the gut,

thus proving that the systemÌc effects of dietary nolybdate originate in

the grut.

Suttle (1979a) reported that when TM4 ç¿as added to the diets at 2.7

or S.4 mg Mo rg-1 DM, the rate of hepatic Cu declìne was not affected

when dietary Cu was low, but when Cu stas supplemented in the diet at

higher levels, hepatic Cu accumulatìon was decreased by 30'. suggesting

that TM4 reduced absorption but had no effect on the endogenous loss of

Cu. DurÌng the Cu depletion phase, TCA-insoluble Cu accumulated in the

plasma but decreased during the repletion phase, suggesting the addition

of Cu limited TM absorptìon and its ability to exert a systemic effect
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on Cu metabol ¡5m'

Mo must pass through the rumen to interact with S and impair its

own absorption and that of Cu as the absorption of 99Mo ¡n sheep glven

via the duodenum s¡as not impaired by dietary S (Suttle 1980). The

involvement of Cu in the three-way interaction occurs beyond the rumen.

Hypocupremic ewes on diets low or high in molybdate and sulphate were

given Cu orally as Cu sulphate or as Cu oxide needles, which lodge in

the abomasum and slowly release Cu (Dewey 1977>. The moìybdate and

sulphate supplements reduced the protection period from hypocupremia

offered by each Cu source Þy 652,. With both Cu sources, there was a

clear correlation between fecal Cu and Ì,|o excretion. It appears that

when Cu is released post ruminal ly, molybdate and sulphate

simultaneously lower absorption of Cu and Mo by inducing the formation

of unaþsorbablg Cu:Mo complexes.

Copper-Z inc Interact i on

Zn is widely spread throughout the body with no specific storage

site (Underwood 1981). Hrgher concentrationg of Zn are found in the

pancreas, I ¡ver, pituìtary gland, kidney and adrenal gland. The normal

liver Zn concentration in cattle is 25 to 50 mg kg-l (wet basis) (Puls

1981). In the liver, MT and SoD bind Zn actÌng as a Zn storage site

(Ml I ler 1979>. During rapid growth, Zn is mobì I ized from the skeletal

muscle to the liver (Lichti et al. 1970)'

Zn is present in blood plasma, erythrocyles, leucocytes and

platelets (Underwood 1981 ) , Zn in erythrocytes occurs as carbonic

anhydrase. In plasma, Zn is bound firmly to globul ins for enzymatic

function and weakly bound to albumin for transport. The normaì plasma

Zn concentration is 80 to 120 ug dL-l (Und.r"ood 1981). Severe lesions
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characteristic of. Zn deficiency correeponded wlth plasma Zn levels of 40

-r -lto 60 ug dL-'and levels of 60 to 100 ug dL'were related to slight Zn

deficiency signs (Spais and Papasteriadis 1974>,

Zn levels are f ive times higher in colostrum versus norrnal mi lk

(Underwood r.977>. The normal Zn concentration in milk is low at 2.30 to

-,|5.00 mg L-r and these values decline with length of lactation. I'iith

high levels of dietary Zn, milk Zn rises until a plateau is reached at

-l8.00 mg L-', while cows on a low Zn diet conserve Zn by reducìng the

amount goìng into the milk (Hiller 1979). Beef cows with a high milk

production level have higher Zn requirements because of the high Zn

content in milk (NAS-NRC 1984).

In plasma, Zn turnover is more rapid than turnover in the I iver.

In contrast, exchange rates are slow in hair, muscle and red blood celis

(Underv¿ood 1981). At calvìng plasma Zn levels decrease v¡hile liver

levels increase dut to stress. The reverse occurs after calving (Smart

et al . 1986).

Young cattle fed a high Zn diet show an increase in liver Zn whìle

this is not seen in mature cows. it is believed that mature cattie can

tolerate h.igher dietary Zn levels than younger ones since Zn absorptton

decreases wìth age and as growth rate decreases (Miller 1979). Dietary

requìrements for Zn are listed as 20 to 40 mg Zn kg-l (NAS-NRC 1984).

The maximum safe level of dietary Zn is 500 mg kg 1 fo, growlng

cattle and 1000 mg kg-l for mature ones (Mìller t979). Thìs maxrmum

amount of Zn which can be tolerated by ruminants without adverse effects

is influenced by the level of dietary Cu.

It is thought that the gastrointestinal tract is the maior sÌte of

the Cu and Zn antagonìsm. A single metal binding protein was identifÌed
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in the chick duodenum that bound Cu, Zn and Cd (Starcher 1969). Excess

Cd or Zn induces MT synthesis in a wide variety of tissues (Mills 1980).

As the tissue content of MT increased, the proportion of total cytosolic

Cu þound to this fraction increased with either Cd or Zn because Cu is

incorporated during the de novo synthesis of MT or because Cu displaces

Zn or Cd that was previously bound. This leaves the Cu bound to MT and

unavai lable for uti I ization.

Rats on a high Zn diet exhibited poor utì I ìzation of Cu (Hal I et

al. 1979>. After an oral Cu dose, the incorporation of Cu into HT

ìncreased six fold. Up to 60% of the total tissue deficit of Cu could

be accounted for by Cu bound to intestinal mucosal HT. This resuìted in

a decrease in Cu flux to other body tissues. Lower levels of dietary Zn

in the range of 15û to 450 mg Zn t g-1 DM did not ìncrease MT

concentration in the ìntestinal mucosa and did not have an effect on Cu

absorption (Hall et al. 1979).

Helfer caìves lrere fed a diet containing 4 mg Cu kg-1 DM and

supplemented with 60 mg Zn tg-l ON for 130 days (Pringle et al. t973>,

The Zn supplemented diet resulted in a decreased amount of liver Cu but

did not affect the level of liver Zn. Pringle et al. (1973) showed that

for the length of the trial, heifers with liver Cu ìevels above 100 mg

_t
Cu kg-'DM can maintain normal metabolic balance when the ration is less

than 4 mg Cu tg-l and 33 mg Zn Lg-l.

Zn supplementation can prevent a Cu toxicity in sheep (Bremner et

al. 197ü. D¡ets fed to sheep supplemented with Zn at 220 mg Zn kg-1 DM

resulted in liver Cu levels being reduced by 40%. Liver damage as

indicated by plasma aninotransferase levels, due to high Cu levels, was

reduced when d¡etary Zn levels vrere increased.

r'þåH K}Ì\lIVKR$ITV OF MAI\{üTüBA I-IffiIIARIHffi
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Sheep fed dlets high in Cd <12 ng Cd kg-1 DM) during presnancv had

larnþswithalow liver Cu content at birth (M¡lls 1980). Dur¡ng

pregnancy, the placenta Þlocks the transfer of Cd to the fetus but this

is done at the expense of Cu transfer. This finding is consistent with

the evidence that cacünium, acting as a Cu antagonist, is involved in the

demyel inating disease, neonatal ataxia, in newborn la¡nbs. With respect

to high dietary |fi, the placenta fai ls to discriminate against Zn

transport. A decrease in fetal tissue Cu is accompanied by a rise in Zn

content (lli I ls 1980).

Copper-Iron interact i on

Fe absorption is greater in younger than rnature animals and

defìcient as opposed to Fe sufficient animals. In erythrocytes, iron is

associated with hemoglobin and ferritin, whi le in plasma, the iron is

present ln transferrin, a Þeta-globulin which transports iron (Underwood

1981 ).

The function of Cu in Fe utilizatìon is carried out by CpQx. CpQx

functìons as an oxidase and links Fe and Cu metabolism by facììitating

the release of Fe from the intestinal rnucosal ceì ls and parenchymal

cells of the l¡ver (Underwood 1981). High Zn levels ç¡hich depress Cp0x

activity, interfere with Fe metaþol ism (El-Shobaki and Rommel 1979).

?he principle carrier of Fe in the blood is transferrin. Some plasma Fe

is free which makes animals capable of fixing Fe in the plasma (Bremner

1966>. Serum Fe levels indicative of Fe deficiency in cattle are iess

-.tthan l1 ug dL-i (McDowell 1985). Ferritin is the form of Fe found in the

liver (Underwood 1981). Normal liver Fe leveìs are 45 to 300 mg Fe

t g-1 on a wet basis (Puls 1981 ). Mi lk is relatively low ln Fe,

containìng 0.3 to 0.5 mg L-l while colostrum contains three times the
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normal milk level (Underwood 1981).

Fe is transported from the intestinal rnucosa in transferrin. in

rats, El-Shobaki and Rommel (1979) suggested that Cu and Zn compete with

Fe for Þinding sites on mucosal transferrin. When Fe and Cu were fed in

excess of requirements, Fe absorption decreased because Cu had a greater

aff inity for transferrin.

Pig rations cornmonly contain high ìevels of Cu as a growth

promotant. The addition of 500 mg Zn kg-l or 750 mg Fe fg-I Dl'f to pig

rations contain¡ng ?50 mg Cu kg-1 el iminated the toxic effects of Cu

(Sutile and Mi lls 1975). The addrtion of 150 mg Zn and 150 mg Fe to pig

rations contaÌning 250 mg Cu t g-1 el iminated toxic effects of Cu

(El-Shobaki and Rommel 1979>.

Campbel I et al . (1974) examined the effects that moderatel y

excessive intakes of Fe over an extended period may have on grazing

cattle. Liver Cu reserves ìn grazing calves were depleted by dai ly

doses of Fe as ferric hydroxide which was eguivalent to a dtetary

concentration of L4 g ts-l UN.

The Fe dosing imposed considerable unifonmtty of I iver Cu values

betr¿een animals. Fe dosed animals with higher initial iiver Cu values

lost more liver Cu than animals with lower liver Cu values. Near the

end of the trial, when Cu levels in the treated animals were low, there

appeared to be a resìstance to further depletion of liver Cu stores.

standish et al. (1969, L97I) fed bull caives at 200 kg, a basaì

diet of 77 to 100 mg Fe t<g-l Ol'l with supplements of 400 to 1600 mg Fe

fg-l as ferrous sulphate. ||ith 1000 to 1600 mg Fe kg-l, plasma and

liver Cu and liver Zn were reduced while Fe in the liver, heart, kidney

and spleen were increased. Calves on treatment had a reduced feed
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intake and average dailY gain'

The decrease in Cu status seen in these experiments may be due to

the reduced feed intake or to the S intake from the Fe source' To

eliminate these factors, Humphries et al. (1983) studied the effect that

a lower concentration of Fe, when included in a diet with a suboptimaì

Cu control, had on Cu. As well the effect of Mo and Fe plus Mo (PeMo)

was examtned. Heifer calves were fed a diet containing 4 mg Cu Lg-1

with suppìements of 0 or 800 mg Fe kg-l as ferrous carbonate and 0 or 5

-.tmg Mo kg-l as ammontum molybdate. Liver and plasma Cu levels,

erythrocyte SOD and plasma Cp0x activities decreased in all calves given

Fe, Mo or FeMo after I weeks. There lJas no significant difference among

the treated groups. Plasma and I lver Fe increased in calves

supplemented only wìth Fe while there was no increase with t.lo or FeMo

diets. Calves on Mo and FeMo diets showed cl inical signs of Cu

deficiency after 20 weeks. Growth rates decreased, skeletaì lesions

developed and hair texture changed. It was clear that the addition of

800 mg Pe kg-l Dl't to the diet of calves influenced their Fe and Cu

st atus .

Soi I ingestion reduces dietary Cu avai labi I ity for ruminants which

may be due to an increase in Fe intake. When pasture is the sole source

of feed for cattle, the average soil intake ranged from 4 to 8% of DM

intake for cows. The amount of soil ingested by cattle is variabìe and

not predictable (Healy 1968). Concentrations of Fe in sot ls in

northwestern Hanitoþa range from 13.2 g kg-l to ¿8.8 g kg-l with a mean

of t6.T g kg I (Boi 1., l{ittenberg and Devl in, unpubl ished). A

significant proportion of the Fe in soi I can be I iberated upon

incubation of soil with rumen fluid (HealV t972). At the higher sor] Fe
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leveìs of soi I Fe, Cu status would be adversely affected by soi I

ingestion. These levels of Fe intake influence Cu metabol ism (Humphries

et al. 1983). Suttle et al. (1984) proPosed that soil and dietary Fe

inhibit Cu absorption by trapping sulphide, normal ly absorbed from the

rumen, as FeS. The sulphide is released in the abomasum where an

insoìuble and unavailable Cu-S complex is formed.
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Copper Toxicitv in the Ruminant

Ingestion of high doses of Cu leads to an accumulation of Cu in

tissues, particularly the I iver. Animal species differ in their abi I ity

to store Cu in the liver; therefore, tolerances to high dietary Cu

differ among specìes. Pigs are highly tolerant, cattle less 5o, with

sheep being the most intolerant to dietary Cu excesses (Underwood

1981 ).

Copper poìsoning may be acute or chronic. Acute Cu Poisoning

occurs when large Cu doses are ingested. Chronic Cu poìsoning occurs

under natural grazing conditions, and is due to excessive Cu levels in

forages consumed by ruminants. These plants are growing on cupriferous

soils and the Cu is taken up by the animal through ingestlon of te

plants. Some plants have been reported to have Cu levels as high as

50-60 mg kg 1 ON <Underwood 1981) although this is not normally seen.

Intake of herbage w.ith normal Cu levels but lov¡ I'lo leveìs by

animals may lead to Cu toxiclty. These low levels of Ho are found in

forages growing on acidic soils and are dominant in pastures with the

clover, Trr:f_Q-L-¿_W subterraneum. The Cu levels in th¡s plant are usualìy

10 to 15 mg Cu kg-1 with low levels of Mo at 0.1 to 0.2ng Mo kg-l. Low

levels of Ho in herbage al low the accumulation of Cu in the animal's

I i ver (Underwood 1981 ) .

Chronlc Cu poisoning may also be associated with I iver damage due

to the consumption of the plant Heliotropium europaeum which contains

hepatotoxic alkaloids, hel iotrine and lasiocarpine. This disease known

àS tOXaemic jaundiCe or "yeiloi",s", leads tO Cu ACCumulation in Þody

tissues (Underwood 1981 ).

High Cu levels are comnonly fed to pigs and poultry. Subsequently,
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wastes from these aninals are used as ferti I izens or as dietary

supplements (Cooke 1983). Broiler litter containing 125 mg Cu kg-1 when

fed to evres increased liver Cu levels to 1425 mg Cu kg-l DM. Removing

I itter from the ration did not reduce I iver Cu levels (0lson et al .

tgg?>. Broiler litter fed to heifer calves tor 201 days at 593 mg Cu

-lkg-', did not produce signs of toxicity or impaired performance (Westing

et al. 1985). Liver Cu levels rose in litter fed calves.

Pig slurry from pigs fed high dietary Cu levels is commonly used as

a fertilizer (Cooke 1983). The Cu in this fertilizen contaminates the

surface of. the Plant whìle very little Cu ìs actually taken up by the

plant. This surface Cu is available to the grazing animal (Prìce and

Sut¡e 19?5). Dalganno and Mi I ls (1975) reported that if the slurry

from pigs made up 2e, of the dry matter intake for sheep for six months,

the sheep can be termed as suffering from a Cu toxìclty.

Chronic Cu poÌsoning occurs in two phases. Durlng the first phase

Cu accumulates in the tissues and I iver over several weeks unti I I lver

Cu reaches 1000 mg Cu rg-1 Ol't or more. At this liver Cu level, Cu is

released into the blood from the ltver and blood Cu levels increase to

10 times the normal level . The second phase of poisoning begins wi th

the haemolytic crisis including haemoglobinuria, haemoglobinaemta and

icterus, and death follows (Underwood 19Bl). The haemolytic cr¡s¡s is

preceded for several weeks by a rise in serum aminotransferases. The

determination of serum aspartic aminotransferase is a usefuì aid in the

eariy detection of chronic Cu poisoning (Thompson and Todd 1974>.

Chronic Cu poisoning promotes renal tubular necrosis, sPongl'

lesions in the whìte matter of the brain, dark kidneys and swol len

I ivers (Stogdale 1978). Acute Cu poÌsoning is characterized by nausea'
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vonit¡ng, Sal ivation, convulsions, paralysis and col lapse. Anorexia,

depression and dehydration fol lows the initial attack (Mylrea and Bynne

1974) .

Housed lambs and sheep on high concentrate diets have shown chronìc

Cu po¡soning. When diets have been stored or processed in contact with

Cu salts used in pig rations or when Cu but not Mo is included in the

mineral-vitanin premix, rations may contain a high Cu content that may

contribute to a Cu toxicity (Underr¿ood 1981 ). Buck ( 1970) reported

complete feeds with Cu levels of 25 mg Cu kg-l, when fed to sheep may

cause Cu poisoning. It was reported for cattle that the toxic dose of

Cu rs 3 to 12 times the dose needed to overcome a Cu deficìent state

(Reed 1975>. The maxlmum tolerable Cu levei for cattle is 115 mg Cu

t g-1. This level is greater for mature than young, growlng anlmals

(NAS-NRC 1984),

Treating Cu toxic animals whìch have reached the second phase of

poisoning is ràrely successful (Underwood 1981). Preventative steps can

be taken to ensure the condi t i on does not ar i se . Prov i di ng

moiybdate-containing salts to sheep to improve the Cu:Mo dietary ratio

reduced Cu storage and el iminated mortal i ty (Di ck and Bul I 1945).

intravenous acfninistration of afilnonium tetrathiomolybdate two times a

week to sheep dosed with Cu sulphate prevented hemolytic crisis in sheep

and prevented further hemolytic crisis in sheep alreèdy in hemolysis

(Goonenatne et al . 1981 ).
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Copper Deficiencv in the Rumlnant

Dietary Cu deficiency occurs naturally in grazing live.stock in many

parts of the world under varying soil and climatic conditions. Primary

Cu deficiency occurs as a single deficiency of Cu arising from a low

dietary intake of Cu. Secondary or conditioned Cu deficiency occurs

naturally by the presence of dietary factors, such as Mo and S, v¡hich

interfere with the absorption and uti I ization of Cu by the antmal .

Copper deficiency is cornmonly seen in grazing animals, particularly in

beef catt I e on pasture, grass hay and si I age, and feedstuffs cornmon I y

low in Cu (Underwood 1977>.

As avai lable dietary Cu becomes insufficient for the metabol ic

processes requiring the element, these rnetabolic processes faii or are

diminished. The susceptibi I i ty of, dì fferent Cu-dependent processes

varies with animal species (Underv¡ood 1977).

Neonatal ataxia arises rapìdly in lambs and kids from Cu-deficient

ewes and goats. The bone changes manifested by Cu-deficìent pigs and

chicks are only seen to a lesser extent in lambs, calves and foals'

in cattle, Cu deficiency is seen mostly in caives with the

occurrence of dìarrhea, anemia, bone abnormal ities, loss of coat color

and unthriftiness. "Fal l ing disease", a condìtion of fibrosis of the

mycoardium, ìs seen ìn cattle (Underwood 1981).

A Cu deficiency is of economic importance because losses which

include growth retardation, increased susceptibi I ity to health problems'

and infertility may not be readily definable in a herd of cattle.

Groçrth Response

Variaþle responses to Cu have been obtained with comparisons of the

growth rates of Cu treated and untreated cattle under field conditions.
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Suttle and Angus <1976> reported that after weaning, Cu depleted

calves grerr more slowly than Cu supplemented calves. They found the

growth curves began to diverge at 12 to 16 weeks. The food convension

ratio increased in the Cu def icient animal. Plasrna Cu v¡as maintained at

levels below 30 ug OL-l for variable lengths of time before growth rate

or food conversion rate was affected. Poole et aÌ. (1974) found no

effect on growth in cu depleted cattle over one year of age.

Villusatrophy(Fe]ietal.1975)and]esions(Millsetal.1976>

in the smal I intestine were seen in Cu deficient cattle' These

abnormal ities along the digestive tract may lead to imPaired absorption

of dietary constituents with a resultant reduced growth rate (McMurray

1980).

Anem i a

Anemìa js conmonly seen in Cu deficient states in all species when

the deficiency ¡s severe or prolonged. In these circumstances, normal

haematopoiesis cannot be sustalned when the normal blood Cu in mammals

decreases from 80 to 120 ug dl-l to 10 to 20 ug dl-l (Und"r"ood 1981 ) '

in ruminants, the characteristic anernia encountered ls

indistinWishable from an iron def iciency. This is due to the inaþl lity

of. Cu deficient animals to release iron from cells into the plasma at a

normal rate (Underwood 1981 ).

Copper is essential in adul t red cel ls (McMurray 1980). A minimum

amount of Cu is needed for their protect ion and maintenance in

clrculation. It does not appear that Cu is essential for the haem

biosynthetic pathway but ¡t is needed for the absorPtion of Fe from the

intestìne, tissue mobi I ization of Fe and its uti I ization in haemoglob¡n

synthesis. Ceruìoplasmin is involved in these functions since it is
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essent¡al for the formation of transferrin, the transport vehtcle for

Fe, The Fe transferrln ls transferred to the reticulocyte in the bone

narrow (McMurray 1980).

The survival time of erythrocytes is shorter than normal in Cu

deficient animals. This may be due to the lower activity of the SOD

enzyme seen in Cu deficient animals (Suttle and McHurray 1983). The SOD

enzyme at a reduced activity would result in an increase in the toxic

effects of, superoxide anions, leading to a destruction of cel I

membranes.

Bone DÌsorders

Copper is essentÌal for the activìty of the Cu containing enzyne

lysyl oxidase which is needed in the biosynthesis of cross linkages in

col I agen (Sutt I e and Angus t976>. Col I agen accounts for 95% of the

protetn in the þone matrix. An impairment in collagen synthesis leads

to defective bone formation (Underwood 1981)'

The clinicai symptoms assocìated with ioint and bone disonders ln

Cu deficient animals vary. They include stlffness of gait, swel I ing of

joints, lameness and an increase in the incidence of bone fractures

(Underwood 1977>.

SuttleandAngrus(t9?6)attributedthebonelesionsseeninCu

deficrent animals to a reduced activity of osteoblasts which produces

thin bone and an overgrowth of cartilage in cattle. Alternatively'

Ftills et al. (1976) found some evidence of osteoporosis, where the

tissue surrounding the metacarpoPhalangeal and carpometacarpal .loints

was snoìlen. The economic significance of skeletal lesions in cattle is

I ikely to depend upon the period of time during which the animals are

exposed to a Cu deficiency. In rneat producing animals, the production
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cycle ls relatively short; therefore, the effects of a Cu deflclency

would be insignificant. in anÌmals I iving to older ages such as

breedlng stock, the effect could be slgnificant (Underwood 1981).

Neonatal Ataxia

The classical Cu defìciency syndrome in sheep in neonatal ataxia,

also known as swayback and lamkruis. Thrs condition is the result of

motor dysfunction caused by a defective synthesls of myel in. Two types

of. ataxia occur in the lamb: (1) the conrnon form where a congenitaì

neonatal form shows macroscopic cerebrospinal lesions¡ and (2) secondary

form in which the clinlcai signs occur one to twelve weeks after birth.

The syndrome is assocìated with uncoordinated movements of the hind

limbs, a stiff and staggering gait and g¡aying of the hindquarters.

Some lambs are paralyzed (ataxìc) when born and soon die. Calves are

rarely affected by this condltion (Underwood 1981 ). The disease ls

associated with low levels of Cu in the fetal brain and liver (Underwood

L977) and can be prevented by Cu supplementation of the ewe lamb during

I ate pregnancy (Al I croft et al . 1959).

The two forms are associated with the d¡stinct pre- and postnatal

phases of myel in degeneration. Myel in aplasia is caused by the

degeneration of the motor neurons of the brain and spinal cord (Howeì I

et al. 1964>. The lesions are irreversìble and rnay start at 6 weeks

before birth and continue unti I parturition. Leveìs of cytochrome

oxidase, the Cu containing terminal respiratory enzyme of the

mitochondnral electron transfer chain, are low in the brain of ataxlc

lambs (Howell and Davidson 1959) and are at their lowest in the neurons

of the grey matter of the spinal cord, which show the norphological

lesions of, the disease (Fel I et al. 1965). Copper defictency Ìn rats
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leads to a dePressed cytochrome activity which inpairs phosphol ipld

synthesis. It is thought that since rnyel in is composed largely of

phospholipids, Cu deficiency could ìead to myelin aplasia (Gallagher and

Reeve 1971 ).

0,Del I et al. (1976) rePorted that the catecholamine

neurotransrnitters, dopamine and nonePinephrine, as weli as Plasma amine

oxidase, àre significantìy lower in the braìn stem of ataxic lambs

compared to Cu treated controls. The locomotor disorders seen in the

ataxic condition may be due to the impaired biosynthesis of these

catechoiamines. A depression in amine oxidase, a Cu containing enzyme,

is seen in Cu deficient anlmaìs resulting in thicken vascular walls.

This could lead to a reduced oxygen supply to the nerve ceils, thereby

interferring with myel ination (Underç¡ood 1981).

D i arrhea

Diarrhea has been observed in Cu deficient cattle (Mi I ls et al.

1976¡ Suttle and Angus 1976). D¡arrhea in young Fresian cattle was

consldered to be due to changes in the cellular structure of the small

intestine, mainly villus atrophy. Additionally, loss of. cytochrome C

oxidase ìn intestinal cel ls occurred along with a destruction of the

enterocytrc mitochondria (Fel I et al. 1975).

Profuse diarrhea is a cl inical sign of Cu deftciency in cattle

grazing pasture high in Mo. Horses and sheep grazing pastures with

simi lar mineral content do not scour. However, scouring has been seen

in goats grazing pastures that induce scouring in cattle.

Fertility

Copper deficiency resulting ìn poor fertì I ìty has been documented

(Howell and Hall 1970; Peterson and Waldern 1977) while other studìes
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have shown no relationship (Phillippo et al ' 1982)'

Underwood (1981) reported that low fertility was evident as delayed

or depressed estrus in cattle grazing Pastures low in cu. Inferti I I ty

associated with aborted, smal l, dead fetuses has been cited with

experimental Cu deficiency in ewes (Howell and Hall 1970)' In British

columbia, Peterson and t,faldern (1977) reported that in dairy herds fed

silage, there was è positive association between the Cu:Mo ratìo of the

feed and fertility in the herd. Thomas and Moss (1951) noted that hiSh

levels of Mo have adverse effects on spermatogenesis in young bulls.

Phillippo et al. (1982) treated low cu status cows in a beef

suckler herd with 100 mg iniectable Cu before matìng' There v'as no

improvement in conception rate in the low status animaìs compared wlth

control animals, even when the serum Cu of the low status animals was

below 30 ug dL-1. The lack of effect may be due to the dose which only

elevated the Cu status for a short time. Smart and Christensen (1985)

found there was no dÌfference in the bovine fetal cu liver level dur¡ng

the first trimester of pregnancy when adequate and deficient dams were

compared.

Hunter (t977) suggested Cu may have a pharmacolog¡cal effect on

ovulation and ferti I ization in cattìe. This was due to the effect of

the Cu dependent enzyme, doPamine beta hydroxylase, which is involved in

the synthesis of hypothalamic transmitter substances.

lloo I and Ha i r

Qne of, the first changes seen in Cu deficient animals is

achromotrÌchia, which is loss of hair color due to defective formation

of, melanin (l'lcMurray 1980). Greying of hair around the eyes in cattle

and lack of pigrnent productìon in black-wool led sheep are characteristic
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of the condition. The conversion of tyrosine to melanin in hair or wool

fol I icles is dependent upon the Cu containing enzyme, Polyphenyl

oxidase. Therefore, a diet low in Cu results in failure of the piEnent

for black being incorporated into the fol I icle resulting in a paìer

color of hair or wool (Underwood 1981).

As well as a color change, growth of hair and a change in physicai

appearance $Jas noted as a thin, harsh coat. As the resenves of Cu are

depleted and blood Cu falls in sheeP, the crimp in the wool is less

distinct until the fìbres are almost straight, hain-like fibres known as

"stringy" or "steely" wool. The elastic properties of this wool is

abnormal along with a reduced tensi le strength (Underwood 1981 ). This

condition has þeen seen in sheep with an experimentally produced primary

Cu deficiency (Suttle et al. 1970) and w¡th sheep grazlng pastures low

in Cu (Whitelaw et al. t979>.

The physical properties of haìr are dependent upon the presence of

disulphide groups which provide the cross-linkages or bondlng and also

upon the al ignment or orientation of the long chaìn fiþrì I lae tn the

fibre (Underwood 1981). In steely wool, there is a lack of formatton of

the disulphide bridges and an increase in free sulphydryl groups

(Marston 1952). The precise biochemical involvement of Cu in the lack

of, formation of the dìsulphide bridges is unknown.

Cardiovascul ar Disorders

Cardiac disorders due to Cu def.iciency were ftrst reported as a

di sease of catt l e known as " fal I ing disease" (Underwood 1981 ; Hesketh

198Ð. The disease is characterìzed by a slow and Progresslve

degeneration of the myocardium with repiacement fibrosis fol lowed by

sudden death due to acute heart failure usualìy aften mild exercise or
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excitement, Cytochrome oxidase ls required by the heart to maintain its

oxidative activity and energy metabolism. This enzyme ìs low in the Cu

deflcient animal; therefore, a deficiency of this enzyme appears to lead

to the occurrence of characteristic cardiac disordens (Fel I et al.

1975> .

Cardiac leslons due to fai lure of. elastin and col lagen

cross-ì inkage have been observed in Cu deficient cattle (Mi I ls et al .

1976; Leith 1975). These lesions may account for the "fal I ing disease"

condition. Cross-l inkages between polypeptide chains rn col lagen and

elastin is dependent upon the Cu contaìning enzyme, lysyl oxldase. A Cu

deficient animal shows reduced activity of this enzyme thus preventtng

normal formation of coi lagen and elastin (McMurray 1980). This ¡s the

same enzyme that is associated with the cartiìage-bone relationshtp and

the consequent bone disorders noted in cattle.
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Copper Supp I ementat ion

In order to correct Cu deficiency in animals, suPPlementation of Cu

is necessary. Methods of Cu supplementatton inclucle Cu containing

fertilizers, mineral salts, parenteral iniections and oral dosing.

The application of Cu containing fertilizers to pasture has been

examrned as an effective vJay of raising forage Cu levels and forage

yieìds for grazing animals (Underwood 1981). These fertiì izers include

commercial preparations or a Cu-contaìning pìg slurry. The benefìctal

effects that Cu fertilizers have on soil and forage uptake depends upon

the Cu status of soils and upon soil antagonìsts.

Although it has been suggested that the ingestìon by sheeP of

herbage heavi ly contaminated with slurry from p¡gs receiving added

dietary Cu can cause toxicity problems (Dalgarno and Mills 1975>, proper

slurry management and animal husbandry can overcome this problem. The

addition of 443 kg Cu ha-l to soìl was found to ìncrease the Cu in

plants from 4.0 mg fg-l DM to 6.8 mg t<g-l Ol': (Davies 1980 as cited by

Cooke 1983). Because sheep store Cu in liver more readily than other

animals, they are more prone to Cu toxicity levels than other specles.

However, with proper management, sheep can graze on pasture fertil ized

wlth Cu-containing pig slurry. It is unl ikely that the use of

Cu-containing prg slurry would solve Cu deficient problems in cattle as

cattle do not store Cu in the liver as readily as sheep (Cooke 1983).

A singìe dressing of copper sulphate at 5 to 7 kg ha-1 or the

equivalent amount of an inexpensive Cu ore' k'as found to significantly

increase sotl Cu levels for 3 to 4 years, except on calcareous so¡ls

(Underwood 1981). MacPherson et al. (1975) suggested the addition of



58

1.1 kg CuSOO ha-l in dry conditions would raise the Cu concentration of

hay to leveìs high enough to prevent a Cu deficiency in wintering

cattle. The application of 5.6 to l1Z kg CuSOO ha-l in solut¡on to

pasture or hayland foliage, increased the Cu content of forage to 100

and 208 mg Cu kg-l, respectively. At this level of forage Cu toxic¡ty

problems in ruminants would develop. Rainfal I fol lowing the treatment

reduced the Cu concentration to 24 and 41 ng Cu fg-1, respectively.

Cu deficiency ìn grazing animals can be prevented by providing Cu

containing salt licks. I'tineral mixtures or salt licks containing 2.5 to

5.0% of CUSOO fed to cattle provided adequate Cu if enough of the

mineral is consumed (Smart et al. 1980). However cattìe may not eat

enough mineral to provide enough dietary Cu to meet their requirements.

Inclusion of CUSOO in the mineral supplement suppl ìed enough Cu for

cows, þut calves dtd not appear to consume enough mineraì (Boila et al.

1984b).

Copper sulphate added to the drìnking water of grazing cattle at 2

to 3 mg Cu L-l of water provided enough dietary Cu (MacPherson 1982>,

Water consumption varies with season, and intake of supplemental Cu

could also vary. Differences in precipitation and evaporatton resul t in

a varying level of Cu consumed, thereby making this method of

suppl ementat ion inadequate.

in intensive animal production, Cu supplements may be added in the

concentrate. Chemical forms of available Cu that can be added to the

diet incìude the sulphate, oxide, chelates and proteinate salts of Cu'

Maro and Kategiie (1980) fed dairy cows CuSOO at 10 mg Cu kg-l. This

level Of CuSOO increaeed plasna Cu to normel ¡evels. The

bioavailability of Cu from Cu proteinate was found to be greater than



59

CuS0O in calves (Kincaid et al . 1986b). Plagna and I iver Cu

concentrations were significantly greater in calves supplemented with Cu

proteinate compared to control or CuS04 supplemented calves.

A parenteral route of Cu adr¡inistration is probaþly the most rapid

method for nestoring normal concentrations of trace elements in the body

(Al ien and Mall inson 198Ð. Parenteral suPPìements are ef f ective

against many secondary deficiencies, a situation where dìetary factors

convert Cu into an unàvai lable form. Absorption from the al imentary

canal is by-passed. Another advantage is that a known amount of Cu is

given to the animal. To be effective for grazing anirnals, the

supplement must provide a source of Cu t¡hich increases body stores over

a ìong per¡od of time. This is accomplished by giving a large amount of

Cu in a single dose; however, the amount given must not be toxic.

Because a large amount of the biologically active form may be toxic, Cu

is constralned. Over time the actlve supplement ls released at a

control led rate (Al len and Mal I inson 1984). Jamieson and Al lcroft

( 1950 ) demonstrated the effect ì veness of 50 mg Cu acüni n i stered

intravenously as CuS0O in maintaining normal Cu status in calves. Given

orally, 500 me CuSoO was needed to obtain equivalent results.

Al though I arge intnavenous doses can be tol erated, Harvey and

Sutherland (1953 as cìted in Allen and Mallinson 1984) pointed out that

intravenous injections are impractical for a ìarge number of animals.

They exami ned a number of, Cu supp I ements for su i tabi I i ty for

subcutaneous or intramuscular iniections in adult sheeP' These

supplements included sulphate, acetate, citrate, oxychloride'

borogluconate, naPhthenate, Oleate, Asparagenate, Caseinate, ammonium

sulphate, oxine, versenate (sodium ethylene diamine tetra-acetic acìd
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(EDTA)) and glycinate salts of Cu. They concluded that Cu glycinate

given subcutaneously was the most satisfactory. A dose of 50 mg Cu as

Cu glycinate which is about half of the toxic dose, caused no

sign¡ficant Cu toxic lesions and appeared to be stored in the liver.

Cunninghan (1959) exanined the effects of diethylamine oxyquinoline

sulphonate as a Cu source for sheep. A dose of 30 mg Cu caused little

or no reaction at the site of iniection and increased liver Cu stores'

However, this form of cu had no advantage over the cu glycinate in

cattle. Whitelaw et al. (1979> found improved weight gains and plasma

Cu in sheep injected with CuCaEDTA. Deaths have been reported in sheep

(Sutherland et al. 1955; i{iener and Macleod 1970) and in calves (Mylnea

and Byrne 1979> g.iven these iniectable compounds.

Ishmal et al. (1977) examined Cu rnethionate injections for the use

in parenteral Cu therapy and concluded Cu methionate was safer than

CuCaEDTA. S¡nce a Cu toxicity problem vras associated with CUCaEDTA tn

sheep, the commercial Preparation of, this Cu source is no longer

avai lable (Al len and Mal I inson 1984).

Copper methionate v¡as the safest Cu compound when adnintstered at

30 mg Cu to sheep and 50 mg Cu to calves, but was the ìeast effecttve in

al leviating hypocupraem¡a in calves and sheep (Suttle 1981b). The most

effective compound in sheep, Cu diethylamine oxyquinol ine sulphonate'

sras the most toxic (Suttle 1981b). Therefore, the recommended dose for

this compound is only 12.5 mg Cu for sheeP. Copper CaEDTA was the most

effective treatment in cattle (Suttle 1981b).

Boila et al. (1984a) examined Cu methionate, CuCaEDTA and two forms

of Cu glycinate as iniectable Cu preParations fon grazing cattle.

Treatments lrere injected subcutaneously. All four treatments increased
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serum Cu levels but did not influence weight gain. Copper methìonate

produced the most severe reaction at the iniection site, followed by the

two forms of Cu glycinate, with CuCaEDTA providing the least severe

reaction at the injection site.

Poole (1980, 1981, 1982> conpared the effects of injectable

CuCaEDTA, Cu oxide and Cu glycinate in treating yearl ing bul ls grazing

h i gh Mo pastures. Consi stent I y over the three yearS. Cu ox i de

performed poorly in raising liver and plasma Cu levels conpared to the

other two Cu supplements.

Parenteral Cu adninistrations are commonly used in treating Cu

deficient ruminants; however, some disadvantages are evident with this

type of Cu supplementation. Qne of the dangers associated with

injectable Cu is the difficuìty in control I ing the rate at which the

preparation releases the active Cu. There is always a risk of acute

general toxicity due to rapid reìease from the iniection site (ll¡ener

and Macleod Ig?0; l'!ylrea and Byrne t97Ð. Alternatively, the Cu

preparation may be released so slowly that large residues persist at the

injection site, damaging the carcass and costing the producer. Final ly,

the beneficial effects of Cu supplementation by iniection may be so

short I ived that repeated injections are necessary ¡f the deficiency

persists (MacPherson et al , 1979; Gleed et al. 1983).

In sheep, parenteral Cu treatment provides protection for a maxinum

of two to three months becauge of the srnall dose of Cu adninistered.

Copper methionate is inefficient in repleting body stores, and

diethylamineoxyquinol ine sulphate only provides an initial srnal I dose at

12 ng. However, these Cu supPlements are commonly used. In cattle, a

larger dose per unit body weight can be safely acü¡rinistered up to 1 mg
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kg-l as either the EDTA complex or Cu methionate. This dose is usually

not effective any longer than 4 months and rePeated iniections must be

given if a Cu deficiency persists (Allen and Mallinson 1984).

Glass boluses or bullets containing Cu and other elements, have

been examined. Allen et al. (1984) used Cu containing glass made from a

mixture of sodium oxide, Cu oxide, phosphorous pentoxide and zinc oxide

cast into molds approximately 50 nm x 25 mm for cattle and 30 mm x 15 mm

for sheep. The resulting boluses u¡eighed 75 g and 17 g respectively,

had a density of 2.8 and 3.0 g *-3."=pectively and contained 18% Cu by

weight. Steers graz ing Pastune containing an average 6.5 mg Cu kg-l ¡t'l

srere treated with either 200 mg CuCaEDTA (twice the recommended dose),

dosed with a Cu-containing glass bolus or left untreated as a control '

Blood Cu concentration rose more rapidly in the iniected group versus

the bolus treated group but declined to a level iust below that of the

bolus treated group by 140 days. Liver Cu values were higher at 184

days in the injected group. The bolus provided the steers with 11 mg Cu

per day, protecting them from hypocupremia and increasing their ì iver

stores of Cu durlng the trial. A slmì lar degree of Protection was

provided bY the CuCaEDTA.

Lambs treated with a glass bolus (Al len et al ' 1984> had

significan¡y higher liver Cu levels than controls but no difference was

observed in plasma Cu between the two groups. The glass dissolved at a

rate of 17 mg glass per day giving a mean of 3.1 ng Cu per day. After

slaughter, boluses were found and removed from the rumen or rettcuium

from six of the eleven treated steers and eighteen of the nineteen

treated lambs. It vras proPosed that the non-recovered boluses may have

been lost whole or may have disintegrated in the reticulorumen and then
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been lost. In the event of the disintegration of the bolus and the

rap¡d release of a lèrge Proportion of its Cu content, the animal is at

risk to a Cu toxicity (Allen et al , 1984>.

Tengrove and Judson (1985) reported two deaths in sheep which

received a Cu glass bul let. The two glass buì lets recovered from the

sheep had lost 75"4 in 34 weeks and 85? at 39 weeks of their initiaì

weight. Bullets used in the study were intended to last one year. The

dissolution rate of the bullet may have been accelerated through contact

with a cobalt bul let which was also acùninistered. There was also a

problem with fraçrnents of the glass builet or even whole bullet being

regurgi tated.

Different formulations of glass with a r¿ide range of solubi I ities

could Þe made which release their constituents at different rates. The

dai ly requirements of sheep or cattle under different situations have

been defined and it would therefore be Possible to make a bolus of

Cu-contain.ing controlled release glass suitable for any condition (Allen

and Samson 1985). The bolus offers the extra advantage that addìtional

elements may be added such as selenium or cobalt. However, if an anlmal

defìcient in selenium is treated ç¡ith a bul let contatning selenium as

vrell as Cu, a potential Cu toxicity problem may be present if the animal

is adequate or above average in Cu status. Certainly further testing is

required before safe and maximal effectiveness can be gained from the

glass bolus treatment.

Lassiter and Bell (1960) reported only 2 io 20'< of the dose of

copper oxide needles (CuON) orally adninistered to sheep vtas necovered

in the feces after four days. It was suggested that the needles had

been retained in the alimentary tract and might Provide a slow release
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oÍ absorbable Cu. Thie was confirmed by Dewey (1977> who reported a

single dose of CuON in sheep caused a steady increase in liver Cu

concentrations over a 16 day period to values of 1000 mg fg-1 DN above

initial levels. The needles lrere described as fine rods of Cu oxide

vrire, fnagmented to lengths of 10 r¡n and less.

The effectiveness of a Cu suppìernent may vary depending on whether

the Cu is released within the reticulorumen where TM is active or

elsewhere where conditions for Cu absorption may be more favourable.

Dewey (1977) recovered considerable amounts of the CuON from the

abomasum. CuON are believed to enten the rumen transiently before

passing to the abomasum where some particles are retained in the folds.

The slow release of Cu in the acid environrnent of the abomasum enabled

the use of CuON as an effective oral treatment of Cu deficlency.

CuO needles are often referred to as wire, particles or granules.

Cuprlc oxide is more commonly used as opposed to cuprous oxìde, because

of the cost of manufacturing. Cupric oxide is formed at 300 degrees

whereas cuprous oxide is formed at about 1000 degrees. This is an

oxidation method.

Ïlhj tel aw et al . ( 1983) treated grazing ewes and their lambs wr th

CuON or injected Cu. Ewes were injected with 90 mg Cu as Cu methionate,

oral ly dosed with 4 g Cu0N or left as a control. Their lambs were

treated with repeated iniections of CuCaEDTA, CuON or ieft as a control.

The acfninistration of Cu as Cu methionate or CuON to ewes at parturitlon

increased ewe piagna Cu in a situation where ewes become hypocupremta

very rapidly. The iniection prevented hyPocuPrem¡a for only 10 weeks

while the Cu0N maintained plasrna Cu levels at nornaì concentrattons for

more than 17 weeks. Copper treated ewes had increased Cu levels in the
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mi lk in the initial l¡eek of lactation; however, thts effect was

transient, This was reflected in the control lanbs from treated ewes

which had higher plasna Cu values than controì I arnbs f rom control e\'¡es.

these high plasma cu levels decreased after two weeks. It aPpears that

treatment of ewes r¿ith CuoN is more effective in Preventing the onset of

hypocupremia than Cu methionate

The largest increase in plasrna Cu concentration was eeen in lanbs

treatedwìth1.6gCuON(tihitelawetal.1983).Theneedlesmaintalned

normal Cu levels until weaning, and resulted in higher liver Cu levels

and higher I ive weight gains than lambs given four iniections of

CuCaEDTA.

Tengrove and Judson (1985) examined five different Cu supplements

in grazing Merino sheep. Sheep receiving 2.5 g CuQN, a Cu glass bullet

on 50 mg Cu as CuCaEDTA in a subcutaneous iniection, had s¡gnificantly

greater liver Cu concentrations than those of control sheep for up to 51

weeks; liver Cu levels for treated sheeP were 205,205 and 238 mg Cu

fg-l DM, respectrvely with untreated sheep having liver Cu of 165 mg

tg-i. gral doses of 30 mg Cu as Cu oxychìoride or 300 mg Cu as CuSOa

did not alter the concentration of cu in I iver. The relattve

effectiveness of the successful treatments is difficult to compare

because they provided different amounts of Cu, through different routes

of supplementation.

in a geries of experiments aimed at evaluating CuON as a supplement

Langlands et al. (1983) oral ly dosed grazing sheeP with varying amounts

of cuoN rang¡ng from 0 to 64 g. The toxicity level, rate of particle

excretion in feces and cu storage in the liver and other tissues was

recorded. The breeds of sheep used were white and black Merinos'
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In the first experiment the toxic leveì (lethal dose 50 (LDS')) of

the CuON r.¡ere 1,17 and 1.80 g CuON g rg-i gw for black and white sheep

respectively. Death usual ly occurred 88 to 96 days after dosing.

Hepatrc Cu concentrations of sheep dying from Cu toxicity were similar

for blacks and whites (4122 and 4308 mg Cu fg-l UN, respectively). The

doses for black and white sheep v¡here 5e. of the population died from Cu

toxicity (LDU) were .50 and ,77 g CuQN t<g-1 Bl.l, respectively. The LDS

dose of .77 f.or white sheep h'as approximately seven tirnes the dose whtch

the authors found gave a significant growth response in Merino lambs.

weaned lambs dosed with 2 g cu0N (.13 g cuON kg-1 gw> grew significantly

faster (+11 g per day) than unsupplemented lambs.

in the second experiment (Langlands et al. 1983) the rate of fecal

Cu excretion in Cu supplemented sheep was less when 50 g CuON were glven

than when the dose was 5 or l0 g CuON; fecal excretìon patterns were

variable with the group which received the 50 g dose showlng the

greatest variabi I ity. Of the two sheep vrhich survived this hìgh Cu

dose, sixty percent of the dose was excreted within 10 days of dosing.

Those sheep which did not survive retained a greater Proportion of the

dose during the 30 days post dosing.

In experiment three (Langlands et al. 1983) the quantity of hepatic

Cu stored per griln of CuON given, declined as the dose increased from 0

to 32 g, but increased again at higher doses. Hepatic Cu concentnatlon

reached a maximum 2 to 3 months after dosing. There lJas a rapid faìl in

liver Cu content after peak values were reached, the rate of decllne

being positively related to the dose of Cu. Between days 141 and 224,

hepatic Cu concentrations declined by 0.8, 2.0 and 10.4 mg fg-l DM per

day in sheep dosed with 0.5, 16 and 64 g CuQN, respectively. lt is
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therefore unlikely large doses will extend the elevated Cu status in

sheep. In fact, large doses led to Cu poisoning indicated by elevated

plasma aspartate transaminase activity.

Langlands et al. (1983) also examined the concentration of Cu in

various tissues, since most sheep are ultimately consumed by humans.

Copper content of the lungs and kidney increased with large doses (64 g)

of CuQN. The I i ver contai ned the greatest concentrat I on of Cu. l{hen

dosing with 4 g CuON, 1.4 to 1.8r" of the dose was retained in the liver

after 109 days but when more than 32 g CuON were adn¡inistered, less than

!%o sJas retained. It is thought that the absorption mechanlsns ane

saturated when large doses of Cu oxide partìcles are acüninistered and

the rate at which hepatic Cu reserves are depleted increases when

hepatic Cu concentrations are elevated. The report concludes that CuON,

when given at appropriate rates, do not endanger the sheeP or

excessively increase tissue Cu concentrations or depress productivity.

At correct doses for lamþs, gnowth rates could be tncreased.

Suttle (1981a) orally treated ewes with eìther 0.5 g Cu as CuON or

as CuSOO. one group on each Cu source was fed the basal diet (0.? mg l'lo

Ls-l DM, t.Z g S ¡g-l DM) or a diet supplemented with Mo and S (3.7 mg

-r -l
Mo kg-¡ DM, 4.2 g S kg-' DM). Fecal Cu concentrations tr¡ere monitored to

assess the rate of passage of dosed Cu through the alìmentary tract.

The acfninistration of CuON to hypocupremic Scottish blackface ewes

resulted rn a steady increase in plasma Cu concentration over 30 days

whereas with CuSOO, the initial responEe was more rapid. The advantage

provided by CuSOO vras short lived. 0n I'to-S suPplemented diets, CuON

provided protection for 111 days compared lrith 57 days for ewes treated

wi th CuSO
4 . llhen the Mo-S was omitted. the difference widened; the CuON
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benefit lasted for 301 days while that of CuSOO lasted for 188 days.

Copper absorption lras caìculated to be higher for CuON than for CuSOO

and for the unsupplemented versus supplemented diet. The amount of Cu

absorbed from the Cu sources were estimated by assuming that the daily

deficit between the net maintenance reguirement of the ewe and dietary

provis¡on of absorbable Cu had been met throughout the period of

protection. The Cu absorbed from each source was the product of deficit

x period of Protection.

Fecal Cu excretion patterns dìffered between the CuON and CuSOO

treated groups, but were not influenced by diet (Suttle 1981a). Fecal

Cu values from CuSOO diets reached a maximum on the second day after

dosing and returned to predose levels between the ninth and fifteenth

days. l{ith Cu as CuON, maximum values were not reached until six days

and remalned hrgh until the thirteenth day after dosing. Values h'ere

twice the predosing level indicating the CuON passed slowly through the

alimentary tract. Fecal Mo concentration followed a pattern similar to

fecal Cu with both Cu sources, showing a rapid but short lÌved increase

in ewes given CuSOO. Ewes given CuON showed an elevated I'to level which

was sustained for 30 daYs.

The addition of, Mo and s (9.5 mg Mo ¡g-l ut'1, 3.9 g s kg-l DM) to

diets fed to Merino cross wethers did not significantly effect the

response to supplementation ot. 2.5 g cuoN (Langlands et al. 1986a).

These results confl ict with those of Suttle (1981a). Copper deficiency

is frequen¡y associated with elevated concentrations of dietary Mo and

S, which form Tl'l in the rumen and complex with dietary Cu rendering it

unavai lable (Dick et al . 1975). In the study by Langlands et al .

(1986a) CuoN did not appear to be sensitive to such a reactìon. They
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proposed that little Cu is releàsed in the rumen and the availability of

Cu in the CuON when lodged in the abomasum is unaffected by dietary Mo

and S. This is not consistent with the proposal by Suttle (1981a) that

the mechanisn initiated in the rumen can cause Cu and Mo to form

insoluble complexes at sites further down the al imentary tract. The

difference between the two sets of observations may be due to the

diffenence in dosage rates, different techniques and breeds of antmals

used.

Langlands et al. (1986a) tried to establ ish if Cu ìs released

during the period of residence in the rumen on whether Cu is rendered

ineffective by an extended period in the rumen. CuON supplying 2.32 g

cu was ac[ninistered to Merino wethers elther oral ly, suspended in the

rumen or surgical I y impl anted to the wal I of the abomasum. CuQN

increased hepatic Cu concentration when surgical ly implanted or

actnìnistered oral ly but not when suspended in the rumen. Responses $¡ere

greatest when the Cu0N were inserted directly into the abomasum. The

CuON suspended in the rumen for six weeks ïrere effectìve in ratsing

hepatic Cu levels once they were taken from the rumen and released in

the abomasum. Rate of passège of Cu0N is likely to cause differences in

the response in liver Cu levels. Many factors influence the rate of

rumen clearance of Cu0N; however, CuON retention in the rumen does not

impair their ultirnate ef f ect iveness.

Differences in the effect of degree of oxidation were determìned in

sheep by Langlands et al. (1986a). The response in increasing hePatic

Cu concentratjon was greatest with laboratory grade CuO (contaìning 86%

Cu and !3.7r. oxygen content) than oxidized Cu particles (containlng

92.6h Cu and 7,7'4 oxygen content); elemental Cu was inef f ective.
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Hanipulating the degree of particle oxidation during the manufacturing

process provides one way of controlling the quantity of active material

adninistered. This method may be preferable in adr¡inistering the slze

of, dose given since a minimum number of particles must be given if some

of the dose is to be retained in the abomasum. Results indicate that

the response in hepatic Cu concentration is proportional to both the

quantity of particle retained in the abomasum and their duration in that

organ.

Suttle and Valente (1981 ) investigated the retention of CuON in

pigs receiving a concentrate diet with no supplemental Cu. Male pigs

wejghing 30 to 40 kg were given 1.6 g Cu as CuO in needle or powder form

in a single oral dose after feedrng. Fecal Cu levels in animals treated

with CuO powder peaked two days after dosing and remained elevated for

three days. Fecal Cu levels in CuON treated PÌgs peaked at day four and

stayed elevated for 18 days. CuON retention was less pnonounced than

that found in sheep (Suttle 1981a). Species differences in the anatorny

of the alimentary tract may influence the effectiveness of CuQN.

The acfninistration of 50 g CuoN to rnildly and severely hypocuprenlc

catile restored plasma Cu levels to normal values within 10 days (Suttle

l9g1a). There !¡as a partial and slob'er recovery in erythrocyte SOD

activity. Fecal Cu levels remained elevated for 40 days after dosìng

indicating CugN had been retained in the alimentary tract. After 41

days, cattle $rere left with a I iver reserve (428 mg Cu rg-1 DM)

equivalent to 4 conventional iniection doses from a single dose of

CuON.
4

-1

BlJ

Suttle and Valente (1981) dosed Jensey cows wlth 0.33 g

Distribution of CuQN in the alimentary tract was assessed

Cu0N kg

7 and 15
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days after treatment by mixing the contents of the particular organ with

water, decanttng, sieving the heavy residue and hand picking the

needles. Needles were predominantly found in the reticulum (29 to 53e.)

and a f ew r.rere present in the abomasum (3 to 18%).

Three months after steers were dosed with 50 g CuON, the needles

were found to be retained in all stomach compartments. The amount of

needles remaining in the abomasum, reticulum, rumen and omasum after 3

months were 1.87, 1.24,0.79 and 0.12 g, respectively and totalied 4.02

g or 8% of the dose. After 1 and 2 months a total of.20,2 g <40% of the

dose) and 13.6 g (27'< of. the dose), respectively l¡ere recovered. At 1

month 38% of the retained needles were found in the abomasum while at 2

months, 412o were in the reticulum. Much of the CuON had lost the oxide

coat, exposi ng the wi re core; therefore the needl eS lrere not 100%

oxidized. This was more noticeable ln the abomasum (Dewland et al.

1986).

At higher doses of Cu0N, the specific regìon of retention and

amount of dose retained was more variable. Heifers dosed v¡ith CuON at

rates of 100, 200 or 300 g retained 45 to 68%, 6 to 68% and 46 to 95% of.

the dose, respectively. The abomasum aPpeared to be the main storage

area fol lowed by the reticulum (Dewland et al. 1986).

Plasrna Cu levels h'ere higher in cows dosed with 50 g CuON than

control animals 30 weeks after treatment (Judson et al. 1982). Cows

treated with 120 mg Cu glycinate had higher plasma levels than controls.

In a second study (Judson et al. t982) 25 g CuQN in cows was a

sufficient dose to sustain elevated plasrna Cu levels similar to those in

cows injected with Cu for periods up to 33 weeks post treatment'

MacPherson (1983a, b) showed single doses of 4, 10 and 20 g CuON
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hrere effective in raising blood Cu levels in deficient calves, heifers

and cor+s, respectively to normal and maintaining these levels for 4 to 6

mon ths .

Doses of. 0, 20 oc 60 g CuON $rere adn¡nistered to suckler coçrs to

see if larger doses provided a longer protective period (MacPherson

1984). The initial plasma Cu level in all grouPs was approximately 31.8

ug dL-1. After I months, âl I three treated groups showed highly

significant responses in plasma Cu v¡ith 40 g and 50 g groups havlng

higher mean plasma Cu levels than the 20 g grouP. Qver the last 4

months, the 60 g group was higher than the 40 g group, but plasma Cu

levels in al I four groups began to decl ine. At the end of, the trial,

al I three groups had higher mean plasna Cu levels than the prevlous

year, irrdicating some residual effects. By extrapolation, there

appeared to be onìy a two month advantage conferred by a 3-foìd increase

ìn dosage rate from the 20 g to 60 g treatment. This type of response

is thought to be due to the observation that the period of protectton

afforded by inìtral ly high I iver Cu reserves is I imited by än

accelerated rate of loss from hepatic Cu stores (MacPherson 1984).

In an attempt to determine the appropriate Cu0N dose in Hereford

cows and 6 month old heifers, Langlands et al. (1986b) acfnin¡stered one

of. six treatments to groups of cattle. The treatments were control, 5

9, 10 g, 15 g, 40 g CuoN or 150 mg Cu iniected as CuCaEDTA. The

response ln liver Cu was defined as the difference between the observed

hepatic Cu concentratìon and the concentration Prior to treatment

adjusted for the increase in hepatic Cu concentration of the control

group of the appropriate age. Liver Cu concentrations vrere higher

initialìy for helfers, which is thought to be due to their smaìler liver



73

s¡ze. As a result,20 to 80% of heifers had liver Cu levels exceedtng

320 mg fg-l DM at 50 and 100 days, respectively when given 5 to 15 g

CuoN. Both cows and heiferb exceeded 320 mg Cu kg-1 DH ruh.n dosed with

40 g Cu0N.

The response to supplemental CuON varied inversely with body welght

( Langl ands et al . 1986b) ; therefore doses of. CuON were expressed

relative to live weights at dosing and related to the response in liver

Cu concentration at 50 to 100 days from dosing. The average increase in

hepatic Cu concentration in cattle at 50 to 100 days from doslng was

predicted to Þe 70 to 84 mg Cu Xg-1 ON, respectively for an animal grven

0.04S g CugN t g-lgW. in Canada, approximate ly 90'¿ of cattle have liver

Cu values of less than 2t4 ng Cu kg-l DM, while the remaÌning tOZ have

liver Cu values ranging from 215 to 764 ng Cu kg-l nN <Korsrud et al.

1985). A dose of 0.045 g CuQN kg-t oc 20 g for an adult cow weighìng

450 kg would result in sufficient stores of Cu in ltver. Problems arise

when animaìs with adequate Cu reserves are treated as a precautionary

measure in the incorrect belief that the animals are deficient.

Simi lar calculations were made by Langlands et al . (1986b) for

sheep which predicted an average increase in liver Cu to 0.045 g CuON

tg-l 81¡ ot 179, 177 and 106 mg Cu kg-l DM.t 49, 101 and 150 days from

dosing, respectivelY.

cows given large doses (300 g cuoN) did not show any signs of cu

toxicity desp¡te high (1016 mg Cu tg-l Ot'l) concentrations of Cu ìn

liver. There h'as no evidence of higher concentrations of Cu in muscle'

but kidney concentrations were higher in cows treated with 300 CuON than

cows dosed with 50 g CuQN ß?.4 mg kg 1 u"r=u" 24.2 ng ¡.g-1¡ (Dewland et

al . 1986).
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Grazing cows and calves dosed with 20 g and 4 g CuQN, respectively

had significantly higher liver Cu values than control animals at the end

of 85 days (Boila 1987a). Serum Cu, serum Zn, liver Fe and body wetght

responses were not affected by Cu treatment.

Calves on pasture received 25 g CuON or 60 mg in.tected Cu glycinate

(Judson et al. t982>. Pasture Cu levels over the season decreased from

7.6 to 4.5 mg rg-1 Dl': whi le Mo ìevels ìncreased f rom 5.7 to 7.0 mg rg-1

DM. After 35 weeks, calves treated with CuON had higher PIasma Cu

levels <7t.1 ug al-l1 than iniected calves (45.1 ug dL-i).

Trichloracetic acid (TCA)-soluble Cu and total plasma Cu wene sìmilar

across the control, iniected and Cu0N treated groups suggestìng that

I ittle bìood Cu was tied up as a Cu-Mo compiex, a comPlex whlch is

ìnsoluble in 10% (w/v) TCA. Fecal Cu concentrations were raised in CuON

treated calves for up Eo tZ weeks showing that particìes are retained in

the al ìmentary tract after dosing for several weeks. Dietary zinc

absorption was not reduced in Cu0N treated animals.

Der.¡land et aì . ( 1979) exami ned CuO granu les f or use as a long

acting Cu suppiement in grazing calves without the effects of carcass

damage associated with iniections. Shorthorn x Hereford calves at 3

months and 200 kg were treated with a 120 mg Cu glycinate in.lection or

50 g of CuQ granules at a dose rate of 0.2 S fg-l LW. The granules were

acüninistered by a tube inserted into the esophagus. Piasna Cu rose in

both groups by 40 days to ZS.3 ug ol-l and then began to decline. By

day 81 , the oxide treated group had signi f icant I y higher pl asrna Cu

levels than the injected group $?.2 vs 28.6 ug Cu dl-l plasna) ' There

vras no difference in calf weights.

Suttle (19?9b) dosed hypocupremic calves v¡ith 0.2 g CuON fg-l LW.
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The needìes al levaited al I cl inical symptoms of Cu deficiency and

increased Cu concentration in liver, Plasma and hair. After 41 days,

fecal Cu levels were elevated, indicating the Cu0N were well retained in

the al imentary tract and sti I I releasing absorbable Cu. Liver Cu rose

to 342 mg kg-1 Cu but this represented only 1% of the dose.

Grazing calves were oral ly dosed with 0.1 g CuON or iniected wtth

100 mg CuCaEDTA. At the end of the 133 day grazing period, calves

treated with CuoN had significantly higher plasma Cu levels than

injected or control calves. Plasrna Cu concentrations for ox¡de treated'

in¡ected and control calves at the end of the trial were 90, 66 and 5?

ugdL-l,respectÌvely. TheCuQN calves had significantly higher LW

garns than the control group and higher Ll{ gains than the iniected

group. It appears that a dose rate of 0.1 g kg-l LW to calves provìdes,

at the end of the graz¡ng period, ètr adequate but not excessive

concentration of Cu in liver (Richards et al. 1985).

l{hitelaw et al. (1984) dosed Aberdeen Angus cross calves with 0.i g

-1CuQN kg-' LW. At the end of the 73 day grazing trial, CuQN treated

calves had a higher mean plasma Cu level (79.5 ug dl-l) th"n the control

group (14.8 ug dl-l) and a higher mean daily Ltl gain (0.86 kg day-l) as

compared to the control (0.68 fg day-l>. The dose of 0.1 g CuQN kg-l Ll{

prevented growth retardation and hypocupremia in treated calves.

Potent i al ex i sts for the use of Cu0N i n the treatment and

prevention of Cu deficiency but present difficuit¡es must be overcome.

tlith an element such as Cu which is cumulative and poisonous, the risk

of chronic Cu poisoning is positively related to its effectiveness in

al lev,iating Cu deficiency, CuON require a new approach to the

estimation of dose rate and frequency, especial ly for sheeP which are
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more prone to cu toxicity than cattle.

The optimum dose rate affecting the absorbability of Cu will vary

from farm to farm. Increasing dietary S and Mo to the upper limits

found in herbage more than halved the period of protection given by CuON

(Suttle 1981a). The optimum dose will also vary from breed to breed'

influenced by genetìc factors which affect the efficiency of Cu

absorption (lliener 1979). Most importantly, the present Cu status of

the animal will determine the toxic risk or value of CuON in aìleviatlng

deficiency. Langlands et al. (1986a) suggested the incorporation of.

CuON into a matrix which slowly disintegrates within the rumen releaslng

CuON over several months, may provide a way of extend.ing the period of

protection against Cu deficiency without risking Cu toxicity.
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I'IATERIALS AND METHODS

Anrmals and Management

Thirty-seven purebred Hereford cow-calf pairs were used in a trial

of 92 days in length. At the start of the trial, corr's ranged Ìn age

from two to twelve years and calves ranged in age from 59 to 122 days.

Before being moved onto pasture, cor.rs had been fed a mixed grain,/barley

straw ration. Suckling calves were on an oat and barley creep feed, and

barley straw. Cows h'ere al located into one of the three treatment

groups and calves in one of two calf treatment groups based on sex of

calf, â9ê, weight and piasma Cu obtained on May 16 (Tabie 2). Cupric

ox¡de needle (CuON) treatments for cows were 0, 25 and 50 g whìle CuON

treatments for calves within covJ groups were 0 and 20 g. Group 38 has

only t he¡fer calf as there was a need for a cow-calf substitution on

day -1.

The Cu0N contained 79,88 g Cu per 100 g CuON (Fisher Scientrfic)

and were approxrmately 5 rnm in length and 0.5 mm in width. Calves

recelvlng CuON were dosed with 20 g CuON (16.0 g Cu) acfllìnistered in 5

gelatin capsules (srze 000, Parke-Davis), each capsule containing 4 g

CuON. Cows receiving Cu were dosed with 25 g Cu0N (20.0 g Cu) or 50 g

CuON (39.9 g Cu) acfninistered in a llhatman celiulose thimble packed wlth

a piece of filter paper. The doses vrere orally acünìnrstered using a

balling gun on day 0 (June 4) at the home farm. Aìl animals received a

subcutaneous injection of Covexine-8, an anticlostridial vaccine

(Ylel lcome Veterinary Division), cal ves received an intramuscul ar

iniection of Dystosel , a seleniurn source (Rogar/SÎÐ), on day 0. Al I

inlections were given accordrng to manufacturer's recommendations,
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Table 2. Allocatlon of cows and calves to treatment groups

Cor^rs

Dose, g CuON

Number

0 25 50

I2 t2 13

Calves (within cow oups )

Dose, g CuON

Number

0 20 0 20 0 20

6 6 6 6 7 6

Total bu11 calves 3

0

1

2

4

1

0

3

3

1

0

2

4

1

0

3

4

1

0

3

5

1

1

3

1st calf heifers

2nd calf heifers

Mature cows

Total heífer calves 3

0

1

2

2

0

1

1

3

0

1

2

2

0

1

1

3

0

1

2

1

0

0

1

lst calf heifers

2nd calf heífers

Mature cows
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0n day I (June 5) animals were transported to the 80 acre pasture

wh i ch was approx imate ly 5 rni les north of the home f arm. t'lh i le on

pasture, cattle were provided with a 1:1 mixture of loose cobalt-iodized

salt and a 1:1 mineral (zero Cu, Co-op 1:1 Sheep Mineral; APpendix Tabie

bfl. The water sources on pasture consisted of a reservoir and runoff

from a spring, neither of which provided Cu. The oniy source of

supplemental Cu avai lable to the anìmals was CuON.

Sampl ing Procedure

Cows and calves were weighed and blood samples and I lver t¡ssue

were obtained from al I animals in a cornÞination squeeze chute-scale.

Cattle were weighed on days -1, O, 28,63, 9t and 92. Blood sampies

were taken on days 0, 28, 63 and 92. Liver samples were taken on oa)'s

0, 28 and 92. Cow f65 from group 3 and her calf zt! from group 34, have

missing welght, plasma and tissue liver values on day 63 as they were

removed from pasture for 5 days due to Pinkeye lnfectton.

Blood samples for plasma Cu, È1o, Fe and Zn were taken from the

jugular veln, col lected into heparinized vacutalner tubes and kept

cooled overnight. BlooO plasma was separated from whole blood within 24

hours of collection by centrifugation for 20 mrnutes at 2000 rpm. Three

ml of plasma vras transferred into a glass digestion vial for v¡et ash

digestion. the remaining plasma was stored frozen ¡n a capped plastlc

vial for CpOx analYsls.

L¡ver samples were obtained by a biopsy procedure described by

Smart and Northcote (1985) and stored frozen in capped, plastic vials

for analysis of Cu, Mo, Fe and Zn contents.

Forage Samples consisted mainìy of gràsses (mainly a mixture of

brome, timothy and some kentucky) with a srnall amount of le$me (red
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clover). The pasture consisted mainly of grasses. Legume was consuned

by cattle only in very mlnor amounts but was analyzed in order to

examrne the pasture potential if a higher yield of legume was grown.

Forage samples for grasses were obtained on days 0, 28, 63 and 92 by a

clipping. Legume samples v¡ere obtained only on days 28 and 63 due to

insufficient amount of sample on days 0 and 92. Forage samples were

drieo in a 60 C oven and then ground using a Wiìey hammer mill with a 1

mrn stainless steel sieve. Samples were analyzed for dny matter (DH),

crude protein (CP), acid detergent fibre (ADF), Cu, Mo, Fe, ZÍr, Ca, P,

Mg, Mn and total S. Water sanples were obtained from the banks of the

pasture reservoir and spring on days 0, 28, 63 and 92. Water samples

sJere analyzed for Cu, Mo, Fe, Zn, Câ, P, M9, Mn and total S content.

Chemical Anaiysis

Liver and blood plasma were wet ashed using the method of Thompson

and Bianchflower (1971) with some modif¡cations. These modificattons

included: 1) liver size was approximately 0.5 g, t¿hi le blood plasma was

3.0 ml and 2) there çJas an overnight predigestion of the samples ln the

4:1 acld mixture.

A 0.5 g sampìe of. liver tissue was placed ln a clean, tårreo,

weìghed glass viai and freeze dried overnight. To each of the drted

liver samples, 3 ml plasma samPles and blanks, a 5 ml volume of

concentrated nitric-perchloric acid mixture (4:1 vol/vol), and a glass

bead were added. The vials hrere placed in a slotted aluminum heattng

block and left overnight at room temperature. The fol lowing day the

vials were heated and a clear colourless solution developed. The wet

ashing procedure vràs completed when the clear colourless solutton was

boiled to dryness. After cooling, 10 ml of, 5% HCI was added to each
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vial to dlssolve the residue and left to stand overnight. The solutions

were aspirated directly or dilutions were made for Cu, Mo, Fe and Zn

analyses using an Instrumentation Laboratory Model 551 Atomic Absorption

Spectrophotometer (AOAC 1984; and Perkin Elmer 1973). The

concentrations of Cu, Mo, Fe and Zn were reported as mg fS-l DM for

liver tissue and ug dl-l for blood plasma.

CpOx activìty in piasma $ras determined uslng the procedure of

Robinson et al. (1987). Plasma CpOx activity was expressed as A min-1

L-l of plasna.

Forage sarnp I es

The dry ashìng procedure for cu, Mo, Fe, Zn, Mn, Hg and Ca analyses

in forage samples \{as that of AOAC (1984) and Perkin Eìmer (1973).

Approximately 1.0 g of ground sample was added to a 50 ml Klmax

borosìiicate glass screw-top vral. Samples ltere ashed for 12 h at 550 C

and slowly cooled to room temperature. Added to the ash residue was 10

ml S N HCl. Capped vials vrere placed in an ultrasonic 65 C water bath

for I h, removed and left standtng overnight. The Cu, Mo, Fe, Zn' Mn.

Ms and Ca contents were deterrnined using the Atornic AbsorPt lon

Spectrophotometer ment I oned above. Phosphorous srès determi ned

colorimetrical ly (AQAC 1984> using a Bausch and Lomb Spectronic 20

colormeter. The total S was determined by the method of Bo¡la et al.

(1984d). Dry matter of ground samples, crude protein (macrokieldahl

nitrogen x 6.25) and ADF were analyzed us¡ng the Procedure of AOAC

( 1984).

Water sarnp I es

Water samples srere analyzed for Cu, Mo, Fe, Zn, Mn, Ca and Ms

contents, d¡rectly or after di lution, by Atomic Absorptìon
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Spectrophotometry whlle P and total S content were determined according

to procedures mentioned above.

Statistical analysis

All data were subjected to a splìt-plot analysis of variance with

repeated measures over time (G¡ I I and Hafs t97L). The data lrere

analyzed using the Statistical Analysis System (SAS), General Llnear

Models (GLM) procedure for unbalanced data (SAS 1985). To test the

effects of experìmental treatments for cows the error term used (Error

A) was Cow (cow treatment). For caìves, Error A vtas cal f (cal f

treatment x cow treatment). To test the effect of sampling day and the

treatments by sampling day interaction, the error term used (Error B)

f or cows r¿¡as cow (sampling day x cow treatment). For calves, Ernor B

was calf (sampllng day x calf treatment x cow treatment). Analysis of

variance tables for body weìght, plasma and I iver parameters are

reported in Appendix Tables 41, A2 and A3 for cows and Appendtx Tables

81, 82 and 83 for calves.

l,tean comparisons were undertaken with the Newman-Keuls procedure

(Snedecor and Cochran 1980). Linear contrast analysis lras performed

when there $ras a significant (P<0.05) treatment x sampling day

interaction (Snedecor and Cochran 1980). Correlations among i iver Cu,

plasma Cu, plasma CpOx and plasrna Mo were determined (Snedecor and

Cochran 1980 ).

Sex effect was not significant (P>0.05) for al I calf parameters and

therefore s¡as nemoved to nake the experlmental design more uniform with

respect to number of, cal ves per colJ treatment x cal f treatment

combi nat i ons,
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RESULTS

Cows

Body weight

Mean body weight of all cows at the start of the trial was 616+2.3

kg. Treatment with CuON had no affect (P>0.05) on body weìght (Table

3). Sub plot analysis showed a sìgnificant (P<0.01) effect of sanpl ing

day on body weight (Table 4, Figure 1). Body weight of cows on day 92

had increased (P<0.05) to 6?7 kg.

Liver Cu

Mean liver Cu concentration of all cows on day 0 was 159+7.8 mg

tg-l Dl'l (Tabl e 4). Treatment had no ef f ect (P>0.05) on liver Cu (Table

3). Sub plot anaiysis revealed a sampling day effect (P<0.01) on liver

Cu (Table 4); ltver Cu had increased in all cows over the trial. The

analys¡s of variance for I iver Cu (Appendix Table A3) showed a

s¡gnificant (P<0.01) cow treatment x sampl ing day effect.

Based on a I lnear contrast analysis (Appendix Table A3) mean I tver

Cu on day 28 for 25 Cu cows was 78 mg kg 1 ON nigher (P<0.01) compared

to untreated cows (Flgure 2A). 0n day 92 the difference between the two

groups rlras 85 mg kg-1 DM (P<0.01). Liver Cu levels of 50 Cu cows were

higher than 25 Cu cows on days 0, 28 and 92 but the difference was not

significant (P>0.05). 0n day 92, mean I iver Cu concent,rations were 207,

265 and 314 mg tg-l for 0 Cu, 25 Cu and 50 Cu cows, respectively (Figrure

24, Appendix Table Cl).

Plasma Cu

Mean plasma Cu concentration of all cows for all treatments on day

0 v¡as 104+3.0 ug dl-l (Tabl e Ð. Cow treatment had no effect (P>0.05)

on plasma Cu (Table 3). Sub plot analysis showed a significant (P<0.01)
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Table 3. Main plot least square means for cow liver and plasma
parameters

Cow Èreatnent (g CuON)

Parameter 0 25 50 MESA+

Number

Body weÍght

t2 T2 t3

1
617 607 624 20900.1

Copper

Liver Cu2

Plasma Cu3

Plasna CpOx

182

r04

23.0

2r0

106

2T.T

254 23565.2

96.5 827.0

107. 1
4 22.6

Molybdenum

Liver Mo

Plasma Mo

8.1 7.8 7.r 11 .6

34 33 34 4r8.4

Iron

Líver Fe 37L

2IT

377

]-96

357 4033.1

92r7 .OPlasma Fe r77

Zinc

Líver Zn

Plasma Zn

175 146 148 9543.7

722 r23 r23 1992.2

TMSEA - Mean square error (Error A) from the main plot.
lrod, weíght (kg).
2t I

3,
íver Cu, Mo, Fe, Zn mg kg

lasma Cur. Mo, Fê, Zn pg ðL

4Plasma CpOx AA nin-1 L -1

-1

DM
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Table 4. Least square means of cow líver and plasma parameters over
sanpling days

Days

0 28 63+ 92 MSEB+

'Number

Body weight

37 36 37 37

I
6 168 6098 6 108 627A t92.4

Copper

2Liver Cu

Pl-asna Cu3

Plasma cpox4

1598 226A

118A

20 .18

262A

92.0C

26.4A

2225.3

32r.8

19 .3

1068 95.2C

26.9A15.5C

Molybdenum

Liver Mo

Plasma Mo

5.88 114 5 .58 318 .6

196.6358 47A 338 22C

Iron

Liver f'e 3s6

255¡^

380 370 249367 .9

2702.6Plasura Fe 2098 139D 17 8C

Zinc

Liver Zn l_90A

1248

1408 1398 6663.8

Plasma Zn r461. I47 A 75C L365.2

TMSEB - Mean squares error (Error B) from the sub p1ot.

fNo liver bíopsies were taken on day 63.

ArBrCrD, Means in the same ror./ r¿ith a different letter are sígnificantly
different (P<0.05) using NK test.

lnody weight (kg).
2"lru"t Cu, Mo, Fe, Zn mg t g-1 nu.

3r1""r" Cu, Mo, Fe, Zn lt1 dl--l.
L -1 -1'P1asma Cpox ÀA rin-l l--1.
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Figure 1. Least square means for body weíght of cows treated wíth
CuON.
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Figure 2.
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sampling day effect (Table 4, Figure 3A). Èlean plasma Cu for cows was

higher (P<0.05) on day 28 (Table 4). By day 63, all cows had lower

(P<0.05) plasma Cu levels. 0n day 92, plasma Cu for 0 Cu, 25 Cu and 50

Cu cows was 94, 94 and 88 ug dl-l, respectively.

Plasma Cp0x

Cow treatment did not affect (P>0.05) CpOx activity (Table 3). 0n

day 0, mean CpOx activity f or all colrs was 15.5+0.7 AA ,n,n-i L-l (Table

4>. Sub plot analysrs showed a sampling day effect (P<0.01) on plasma

Cp0x (Table 4, Figune 3B). Plasma CpOx actìvity was higher (P<0.05) in

al I groups by day 28 (Table 4). P¡asma CpOx activity was hrgher stl I I

(P<0.05) at day 63, and was not different (P>0.05) at daV 92.

Liver Mo

0n day 0, mean l¡ver Mo for all cows was 5.8+0.4 mg rg-1 ON (Table

4). Treatrnent with CuON had no effect (P>0.05) on I iver Mo levels

(Table 3). There was a significant (P<0.01) sa¡npl ing day effect (Table

4, Figure ?B). In all cows, mean liver Mo increased (P(0.05) to 11 mg

-tkg'Dll by day 28 (Table 4). By the end of the trial, liver Mo was

lower (P<0.05) at 5.5 mg kg-1 nþj.

P I asma Mo

Mean plasma Mo on day 0 for all cows was 35t2.3 ug dL-1 <T"ole 4).

Cow treatment haci no ef f ect (P>0.05) on plasma I'lo leveis (Table 3).

There was a slgnificant (P<0.01 ) sampl ing day effect (Table 4, Figure

3C). For all cows, plasma Mo ç¡as higher (P<0.05) at 47 ug dl-l on day

28 (Table 4). Plasma Mo was lower (P(0.05) at 22ug dL-t on day 92.

Liver Fe

There were no significant (P>0.05) main plot or sub plot effects on

liver Fe levels in cows (Appendix Tables AI, A2, A3). The mean liver Fe
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levels for all cows on days 0, 28 and 92 were 356, 380 and 370+10.1 mg

rg-1 ol,t (Table 4).

Pl asma Fe

, Cow treatment had no effect (P>0.05) on cow plasrna Fe. Mean plasma

Fe at day 0 was 255+8.6 ug dl-l for all cows (Table 4). Plasma Fe

across sampl ing day was dif ferent (P<0.01) f or coç¡s (Table 4), Plas¡na

Fe was lower (P<0.05) at day 63 (Table 4), At day 92, plasma Fe was

lower (P<0.05) than day 28 but greater than day 63.

Liver Zn

t'lean liver Zn concentration at day 0 f or all cows was 190+13.4 mg

tg-1 DM (Table Ð. Treatment with Cu0N had no effect (P>0.05) on liver

Zn (Table 3). Sub pìot analysis showed a signif¡cant (P<0.05) sampling

day effect (Table 4). 0n day 28, liver Zn was lower at 140 mg kg-l anO

remarned at this ievel on daY 92.

Pl asma Zn

Cow treatment had no effect (P>0.05) on plasma Zn (Table 3). Mean

plasrna Zn f or ai I cows on day 0 was 124+6.1 ug dl-l (Table 4). Sampling

day had a significant effect (P<0.01) on plasma Zn across all treatments

(Table 4). By day 28, plasma Zn was higher (P<0.05) at 146 ug dl-l and

remained at this level on day 63. 0n day 92, plasma Zn lras lower

(P<0.05) at 75 ug dl-l.

Correlations

overal I correlation coefficients and treatment cornelatton

coefficients for cow piasna Cu, CpQx, !1o and liver Cu are reported in

Table S. There tras a significant (P<0.01 ) negative correlation between

plasrna Cu and plasna CpQx for 25 Cu cows (r = -0,42>. Plasma Cu h'as

correlated (P<0.01) r.¡ith plasna Mo in cows overall (r = 0.26) and in 0
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Table 5. Correlatíon coefficients (r) bet$¡een parameters measured
over 92 days for cows treated r¡ith CuO¡ (25 Cu, 50 Cu)
or not treated (0 Cu)

Number Plasma Cu Plasma CpOx Plasma Mo

Llver Cu

All cows 37 -0.02

-0.29

0 .14

-0 .01

0 .04

-0. t_5

0.07

0 .18

-0.11

-0.L7

-0 .06

-0.09

0Cu T2

25 Cu l2

50 Cu 13

Plasma Cu

All cows

0Cu

25 Cu

50 Cu

37 -0 .18

0.09

-0.42**

-0 .02

0 .26**

I2 0 .45**

I2 0 .19

13 o.26

Plasma CpOx

All cows

0Cu

25 Cu

50 Cu

37 -0 .10

0 .09

-0 .41**

-0.14

T2

72

l_3

**P<0 .01)
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Cu cor¿s (r = 0.45). Plasrna Cp0x activity was signif¡cantly correlated

(P(0.01) with plasma Mo in 25 Cu cows.

Ca I ves

Calves were divided into a calf treatment group (0 or 20 g Cu0N)

within a co\.¡ treatment group (0, 25 or 50 g Cu0N) (Table 1). Therefore

when consldering cal f main plot treatment effects, three treatment

effects may eXist which incìude: 1) caif treatment, 2) cow treatment

(the effect of the cow treatment upon her calf) and 3) a calf treatment

x con treatment interaction).

Body weight

At day 0, mean body weight for al I calves was 114+1.8 kg. Cal f

treatment had no effect (P>0.05) on body weight (Table 6). in the sub

plot analysts, sampling day affected (P<0.01) body weight (Tablê 7,

Flgrure 4). Al I calves galned werght over the grazing trial . 0n day 92,

mean calf weight was 210 kg (TaÞle 7).

Liver Cu

Main plot analysìs showed a srgnificant calf treatment effect

(P<0.01) on liver Cu leveis (Table 6). Cow treatment had no effect

(P>0.05) on calf liver Cu. 0n day 0 mean liver Cu for all calves sras

-1t56+7.3 mg kg-' Dl'J (TaÞle 7). 0n day 92, 0 Cu and 20 Cu calves had mean

liver Cu values of 214 and 866 mg kg-l respectively. Sub plot analys.is

showed a sampling day effect (P<0.01; Table 7, Figure 5A) and a calf

treatment x sampl ing day effect (P<0.01).

Based on a linear contrast (Appendix Table 84), mean liver cu on

day 28 and 92 r¿as 254 and 131 mg fg-l i,igher (P<0.01), resPectively, for

20 Cu calves cornpared to 0 Cu calves (Figure 5A). Liver Cu least square

means for calf treatment are reported in Appendix Table C2. Liver Cu
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Table 6. Maín plot least sq.uare means for calf liver and plasma parameters

Calf treatment Covr treatment

Parameter 0 20 0 25 50 MSEA+

Number

Body weight

18 1,9 L2 L2 t_3

1
160 163 161 161 ]-62 2727.5

Copper

^2Lr-ver uu

Plasma Cu3

1218

87 .1

L6.4

246A 183

85 .8

17.4

].79

88 .3

15 .8

189 9i06.6

588.1

42.2

87 .1 87 .3

Plasrna CpOx
4 17 .7 17 .r

Molybdenum

Liver Mo

Plasma Mo

4.3 4.3 4.2 4.6 4.r 3.0

20 23 20 27 25 210.¿¡

Iron

Liver Fe 310

226

301 298

227

297 322

222

18062.8

Plasma Fe 2l-3 2r0 61 18.5

Zinc

Liver Zn l-3s

]-45

14s 140

T24B

130 150

160A

603s .9

Plasma Zn 150 158A 4064.6

fMSE4 - Mean squares error (Error A) in the ruaín p1ot.

ArB, Means in the same ro!ü \.ríthín co$r or calf treatment with a different
letter are sígnificantly dífferent (P<0.05) using NK test.

1

'Body weíght (te).
2ri.r"t Cu, Mo, Fê, Zn mg t g-1 lt'l .
t
'Plasma Cu, Mo, Fê,
L'Plasma CpOx AA mín

Zn rg
-1 ,-1

-ldL '.
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Table 7. Least square neans of calf llver and plasma Parameters over
sanplÍng daYs

DayS

Parameter 0 28 63+ 92 MSEB+

Ntmber

Body weÍght

37 36 37 37

t
114D L42C 1 798 2 10A 115 .4

Copper

Liver Cu2

Plasma Cu3

1568

81.98

9 .1C

245A

1114

76.28

1508 19 4r.9

2IT.6

]-4.6

78 .18

20.0A

77 .38

4 2I.7APlasma CpOx

Molybdenum

Liver Mo

Plasma Mo

3.0c 5 .5A 4.48 2.9

8 .98 54A 148 118 2r0.4

Iron

Líver Fe 2798

255A

318A 320A 3848 .0

3600 .9Plasma Fe 266A 1788 1818

Zínc

Líver Zn 158

1418

r29 133 50L7 .2

ls84.5Plasma Zn 186A 15 38 11lC

tMSEg - Mean squares error (Error B) from the sub plot.

fNo lÍver blopsies r¡ere taken on day 63.

ArB, Means fn the same ror¡r r¿ith a differenÈ letter are signifícantly
different (P<0.05) usfng NK test.
lnody weight (kg).
2rilr", Cu, Mo, Fe, Zn mg t g-1 ot"t.

3P1."r" Cu, Mo, Fe, zn lt¡ dl--l.
4r1""rr cpox ÂA urin-l L-l.
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levels for treated calves were higher (P<0.05) at day 28 (Fisrure 54,

Appendix Table C2>, a pattern similar to that for all cows (Figure 24,

Appendix Tabìe Cl). However after day 28, liver Cu for treated cows

(Figure 2A) continued to rise, while for treated calves (Fiçrure 5A),

I iver Cu decl ined. Addrtionai ly, I iver Cu of 0 Cu calves decl ined over

the trìal (Figrure 5A) whi le liver Cu of 0 Cu cows increased (Figrure

2A).

Plasma Cu

Plasma Cu for all calves on day 0 was 81.9+2.4 ug dl-i (Table 7).

Cor.¡ treatment and calf treatment had no inf luence (P>0.05) on plasma Cu

(Table 6). Sampl ing day had a signifìcant (P<0.01 ) effect on plasma Cu

(Table 7, Figure 6A). in all calves, plasma Cu was higher (P<0.05) on

day 28 at 111 ug dl-l (Tabl e 7). By day 63, plasma Cu was 78 ug dL-1

and was not different (P>0.05) on day 92.

Plasna CpOx

Plasma Cp0x activity for aì I calves on day 0 was 9.06+0.64 AA

-l -1min-' L-'. Cal f or cow treatment had no signì ficant (P>0.05) effect on

plasma CpQx (Table 6). The sub plot analysis shovred a slgniftcant

(P<0.01 ) sampì ing day effect on plasma CpOx (Tabl è 7, Figure 68).

Plasma CpOx activity increased (P<0.05) in all calves over days 0,28 to

63 and drd not change (P>0.05) thereafter (Table 7).

Liver Mo

Treatment with CuON had no effect (P>0.05) on I iver Mo (Table 6).

Sampl ing day had a significant effect (P<0.01 ) on I iver Mo (Table 7,

Figure 6C). The mean liver Mo level at day 0 for all calves was 3.0!0.3

mg ts-l DM (Table 7). By day 28, the level was higher (P<0.05) at 5.5

in all calves (P(0.05). Liver Ìlo was subseguently lower (P<0.05) on day
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92 at 4.4 mg fg-l UN, but was not as lot¿ (P<0.05) as at day 0 (Table

7>.

Plasma Mo

Mean plasma Mo for all calves on day 0 was 8.9+2.6 ug dl-l (Table

7>. Calf treatment or corr treatment had no effect (P>0.05) on plasma Mo

(Table 6, Figure 6C). 0n day 28, Plasma Mo was higher (P<0.05) at 54 ug

dl-l. By day 63, plasrna l,lo levels had returned to levels comparable to

day 0 and were at this level on day 92 (Table 7), Plasnra Mo leveì was

highen (P<0.05) on day 28 and lower thereafter, a pattern similar to

that of calf iiver Mo (Tabie 7) and that of Mo in liver and blood Plasma

of cows (TaÞle 5).

Liver Fe

Lr ver Fe f or al I ca lves on day 0 was 279+t0 .2 mg kg-1 Dt'1.

Treatment had no effect (P>0.05) on calf liver Fe (Table 6); however

there was a signlficant (P<0.05) sampl ing day effect (Table 7), Liver

Fe levels srere higher (P<0.05) on day 28 at 318 mg t g-1 and remained

(P>0.05) at this level on day 92.

Plasma Fe

Plasrna Pe on day 0 for all calves was 255+9.9 ug dl-l. Calf or cow

treatment had no effect (P>0.05) on plasma Fe levels (Table 6). Calf

plasna Fe vras not different (P>0.05) for the first two sampì ing days

(Table 7), however, on day 63 the mean plasma Fe was lower (P<0.05) at

-1t7? us dl-r and remained at this level at the end of the trial.

Liver Zn

Calf or cow treatment had no effect (P>0.05) on liver Zn (Table 6).

In the spl it plot anaiysis, no significant (P>0.05) effects vrere

reported. !1ean liver Zn values for all calves on days 0, 28 and 92 were
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-1158, 129 and 133+11.7 mg kg Dt'l respect ive I y (Tabl e 7) .

P I asrna Zn

Plasma Zn for all calves on day 0 was t4l+6.6 ug dl-l (Table 7).

Calf treatment had no effect (P>0.05) on plasma Zn; cow treatment did

have an effect (P<0.01) on calf plasrna Zn. The sub plot analysis

revealed a sampling day effect (P<0.01; Table 7), treatment co\t x

sampl ing day effect (P<0.01; Figrure 7> and a significant (P<0'05)

treatment calf x treatment cow x sampl ing day interactton (Appendix

Table C4). The three-way interaction may be due to the variation among

calf groups on day 0, as calves were not allocated into treatment groups

based on plasma Zn (Appendix Table C4).

Based on a linear contrast analysis (Figure 7, ApPendix Tables 83

and C3), mean plasma Zn of calves suckl ing 25 Cu cows was ?1 ug OL-l

higher (P<0.01) on day 28 than caives suckling 0 Cu cows. Plasma Zn

from calves on 50 Cu and 25 Cu coçrs was not djfferent (P>0.05). 0n day

63, there were no significant differences (P>0.05) for Plasma Zn of

calves among the three co\.J groups (Frgure 7). Plasma Zn was 111 ug

_4dL'on day 92 for all calves (Table 7).

Correlations

overal I correlation coefficients and treatment correìatlon

coefficients for calf plasrna Cu, Cp0x, Mo and liver Cu are reported in

Table 8. Unlike cov, data, there .'rere no signif icant (P>0.05)

correlat¡ons among these calf parameters'

Forage ana I ys t s

Forage consumed by colrs and calves throughout the grazlng trtal

consisted mainly of a mixture of brome and tirnothy grasses with a þit of

kentucky grass. There was a very srnal I amount of red clover estimated
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Table 8. Correl-ation coefficíents
over 92 ð'ays for calves
not treated (0 Cu)

(r) between parameters measured
treated wíth CuON (20 Cu) or

Number Plasma Cu Plasna CpOx Plasma Mo

Líver Cu

Al-1 calves

0Cu

20 Cu

37 -0 .01

-0.15

0 .06

-0 .08 0 .06

-0. 11

0.07

18 -0 .10

19 -0.72

Plasmn Cu

All calves

0Cu

20 Cu

37

18

19

0 .02

0 .01

0.03

0 .4s

0 .40

0.s8

Plasma CpOx

All calves

0Cu

20 Cu

37 -0 .01

-0.07

0.03

18

19
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as less than 1% of total growth on pasture. Grasses vrere considered the

main forage consumed. The legrume is reported only to show the pasture

potential if leerume growth was encouraged. The pasture had excel lent

forage coverage and at no time throughout the trial did there appear to

be a shortage of forage cover. The means for Cu, Mo and S for the

grasses by sampling day and overall average, and for the legume overall

average are reported in Tabie 9. Analysis of the water samples showed

that the only mineral present $ras sulphide. The estimate of the effect

of sulphide in the water upon the toal sulphur content of the diet was

calculated in Table 10. Water and dry matter intake of the cows was

taken from NAS-NRC (1984>. The estimate of the amount of water from the

reservoir or spring consumed by calves was derived from Baily ànd Låwson

(1981). They reported that at a calf weight of 130 to 175 kg, 75% of

the total water intake was derived from the Pasture source while 25%

came frOm the cow's miik. The meanS for Fe, Zrt, Mn, Ca, P, M9, ADF and

CP in the forage are lìsted in Table 11.

For the grasses, the mean Cu concentration on the sampl ing days

rangeo f rom 1.6 to 5.5 mg t<g-l Ul'l (Table 9). Cu content in grasses

decreased over the trlal resulting in an overal I Cu average of 3.7 mg

kg-i over the 92 days of the trial. The mean Mo concentratlon in

grasses on samp I i ng days ranged f rom 2.5 to 5.5 mg Mo kg- 1 Ol{. Mo

levels vrere higher on day 63, but subsequently lower on day 92' Mean

total S concentration in the forage remained relatively constant. The

overall mean total S concentration over the season was 1.4 g fg-1 DÌ4'

The Cu:Mo ratio decreased in the grasses throughout the trial and ranged

from 0.5 to 1.4 with a mean overall average of 1.0.

0n days 0 and 92 there lJas no red clover available for samplÌng.



Table 9- Cu, Ho and S content of foragel consr-ned by cotrs a¡rd calves

Grasses Legrne

Dev

ParaDeÈer 3 28 63 92
Overall
averaSe

Overell
averaSe

Nr¡mber 3

ist
-tCu ng kg 5.5 0.3

-tHo og k8 ' 4.0 O.4

-tTotalSBkg^ 1.5 0.0

Cu:Ho ratlo 1.4

Cu abeorptlon coefflclent2 0.045

1
AvaLlable Cu- 0.25

l, -lFlnsl dleÈary- total S g kg ^

Cwe 3.5

Calvee 3.3

Flnal dletary Cu absorptLon coeffLclent
Cæs 0.025

Calvea 0.026

Plnal avallable Cu ng kg-l
coes 0.14

Calves 0.14

6 3

SE

0.

0.

0.

0.5

0.045

0.12

3 15 2

x

4.5

3.7

1.5

SE

0.3

0.3

0.0

x

2.6

5.5

1.3

x SE

0.4

o.2

0.4

x

3.7

3.9

1.4

SE

0.4

0.3

0.0

x

6.4

6.8

1.8

SE

2.2

1.4

0.5

3 1.6

4 2.5

I 1.3

1.2

0.046

0.21

0.6

0.051

0.08

1.0

0.047

o. t7

0.9

0.036

o.23

3.4 3.2 3.2 3-3 3.7

3.63.2 3.1 3.1 3.2

0.027

0.028

o.o24

0.024

0.032

0.032

o.o27

0.028

0.017

0.018

0.12

0-13

0.06

0.06

0.05

0.05

0.10 0.11

0. 12o.l0

lg"pr""""d on e l00l Dll basls. Graeeeg are a nl¡ture of brone and tloothy. Leguue ls red clover earopled
on daye 28 and 63.

2calculated uetng the equatLon of SuÈtle and Hclauchlan.(1976) log (A) - -1.153 -0.076 (S) -0.013 (SxHo)
A - absorptlon coefflcienr, S - S kg-l Dlt, Ho - E8 kB-l DH.

3Avaflable Cu - ù8 ke-l cu ln forage, nH x (A).

4n11 ft.r"l dletary data calculated uslng the flnal dletary totål S calculated from Table 10.

tro¡.



Table l0 EstlDatlon of the effect of sulphete fn weter consr¡r¡ed by grazlng coss and calves upon the total
sulphur conÈenÈ of the dletl

ConcentratLon
of sulohate ln
¡¡ater (ug L-l)

Weter sulphatç lJater sulphur.
added Èo dlet' added to dlet"

19 rg-l ou) (g kg-l oN)

Ffnal dletarv total S

lc kc-l)

Day Nunber Gresseg Leguoe

Corts 0

28

63

92

Overall

2

2

2

1

7

2

2

2

I
7

985

924

942

938

947

6.0

5.6

5.7

5-7

5.8

2.O

1.9

1.9

1.9

1.9

3.5

3.4

3.2

3.2

3.3 1.7

Calvee o

28

63

92

Overall

985

924

942

938

947

6.7

6.2

6.4

6.3

6.4

l.E
I.7
1.8

1.8

1.8

3.3

3.2

3.1

3.1

3.2 3.6

14"",-ptlorr" - 600 þ con consuolng 11.2 kg Dt{ rtth a S contenÈ froo Teble 9, and drlnklng
68 lftres of sater per day (NAS-¡[RC f984).

- 175 kg calf consumlng 5.5 kg Dl{ uith â S content froo Table 9, and drlnkfng
10.3 lltree of water per day (Batley and Lavson l98l)'

29 sulphate per kg Dl{ - lftres of nater x EB sulphate per lftre x I
1000 og per g OX tntake (kg)

3s,rlphra. - 332 sulphur.

4Flrr"l sulphur content of dlet - feed lnput (lable 9) + water lnput.

tso
Ln
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consumed by graztng co'r^ts and calvesTable 11. Nutrlent compositlon of forage

Grasses Legume

Day

Parameter 0 28 63 92
overal-l-
average

ûvera11
average

Number 3 6 3 3 15 2

x

88.5

25.9

37.4

3.7

2.4

2.0

29.7

13.6

SE x SE

0.8

0.85

1.14

0.1

0.1

0.1

0.6

0.8

x

66.6

l.4.2

26.I

2.5

r.4

r.4

36.4

7.4

SE

0. B7

0. 65

1.06

0.5

0.2

0.2

0. 35

0.1

;

65.2

13.8

24.2

3.4

1.5

1.5

37 ,7

7.3

SE

0.76

0.82

t.64

0.1

0.1

0.1

0.8

0.3

;

73.3

19 .3

3r.4

3.0

1.8

1.5

34.2

9.3

SE

2.25

1.36

1.51

0.2

0.1

0.1

0.8

0.7

x

L65.2

27 .O

30 .9

1_3.9

3.1

3.7

29.3

17. I

SE

35 .07

3.17

s .90

1.84

0.7

0.2

0.90

1.90

-1 0.8 73.0Fe

Zn

Mn

Ca

P

Mg

A-DF

CP

ng kg

ng kg -1 0.7 2L.7

_ -1mg kg
. -1gkg

_1
ckg

-1gkg

o/

1. 36 34 .6

o.2 2.7

0 .6 r.7

0.3 1.3

o.92 33.7

0.55 9.1

Expressed on a 100% DM basís.
on days 28 and 63.

ts
O
o\

1 Grasses ís a mixture of brome and tírnothy. Legume is red clover sampled
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The concentration of Cu, l,!o and total S in legume tended to be higher

than that in grasses overal l. The Cu:Ho ratio was similar for legume

(0.9) and grasses (1.0).

The Cu absorption coefficient vras calculating using the equation by

Suttle and Mclauchlan (t976> (Table 9). including the water S into the

calcuiation decreased the coefficient and the avaì lable Cu. The

coefficient remained relativeìy constant during the grazing triai except

on day 92 when it was higher. The f inal avai lable Cu rras sìmi lar f or

grasses and le€rumes.

Consumptìon of Pastune Mtneral

The daily intake of the Co-op Sheep Mineral Supplement by the

cattle was estimateci on the basis of a cow-calf unlt. It was assumed

that the cows ate the mìneral and the calves did not although thìs may

vary over the period of the grazing trial. Mrneral consumption was 26.5

g per cow-ca I f un.i t .
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DI SCUSSI ON

Bouy l{e r ght

Mean þorly werght of all coits on day 0 was 616 kg (Table 3): ccws

were ln good booy condrtron at the start of the trral. tdhi le the þoer'

werght response of cows was not different among treatments, there was an

¡mproved frnal booy weight gatn for al I cows (Flgure 1). BoOy werght

increased afler Oay 63. The delayed increase ln werght was probably oue

to a comÞinatton of factors. At the start of the trral the cor+s were

aiready at a good body $¡erght and lt would not be expected that they

wouio þecome heavter'. Early rn the season nrlk pnociucttor¡ ts stlil

relatrveìy high as peak miik product¡on ìs reached 30 to 60 days after

calving (Streeter et aì , L974) foilowed b.v a continuous oecltne as the

graztng season advances. Addltlonal ly early in the season gnasses have

a nlgh mo¡sture content (Church 1986). it Is þecause of thls htgh

molst,ure content that cows have difficulty ¡n consumlng enough tocåge

dri, mö.tf er t u ITrÈrtï thÊtI ÊÍtÊig;: ilrT.¡.¡:r: iÈgirif Fllrit r- È\¡ÈI! t-hul-,ãh Éii l)' iÌl

the ¡ea=orr errrr-sy dtgestihi l¡ty ma'¡ tre qut re hìgh at 70 to 854 (Church

1986) .

In sttuatrons where Cu ts knowrr to be def ic,ient, pos¡ttve responses

to Cu supplementatrorr have not always been obtalneq (Drl'soaìe 19?9).

varraþìe body wetght responses to cu supplementatron have been reported

by Btngiey ancj Arrderson ( 197Ð, Thorton et al . (1972), Mt ìis er' ai .

(1976) and Bol la et al. (1984a, b).

Qther dietary components may affect Cu utt I ¡zatlon by cattle,

thereby contr¡buttng to a lack of response to Cu supplementatton' Zn

ancj Mn are knowri to be defrcrent rn northwestern Manitoba (Drysd"ie et

at. 1980). Forage consumed by gcazrng cotds ancl calves was low ln Zn. Mn
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and CP. The overall nutrltional requlrement of the animal must be met

Þefore Cu supplementatlon may be able to give a positive response ln

body we i ght .

Cu supplementat¡on had no effect on calf werght: al I calves galned

welght over the season (Frgure 4). The age of ènlmàl is known to

¡ nf I uence the response to Cu supp I ementat i on. Sutt I e and Angus (t976>

reported that onìy after weaning drd Cu supplementation have èIr etfect

upon body werght of calves. Plasma Cu levels þelow 30 ug oL-1 hao to be

maintained in order for tnls effect to þe sirown (Suttle and Angus 1976),

Pooìe et al. (1974) found no effect of Cu suppiementatlon on growth In

cattle over one year of age. They reported the crrtrcai tlme for cattìe

to recetve Cu supplementation was at less than 5 to 6 months of age.

BeyonO this age, Cu status of the an¡mai and not booy wetght wouid be

i nf I uenced by Cu supp I ementat i on.

Ll ver Copper

The normal llver Cu concentration in cattle rs 100 to 400 mg kg-l

Dt"j (Underwcod 19î7) . To narntarn a normèl piasma Cu ieve j , the mÌnimuni

l¡ver cu concentratton needed ¡s 40 mg Lg-1 ¡l'l (claypool et al . 1975).

Àiì cows had rntttal ìlver Cu levels above q0 mg t<g-l except for one cow

in group 25 Cu and one cow rn group 50 Cu. Lrver Cu ìeveìs in these two

antmais were 39 and 33 mg t<S-1 DN. Therefore, based on Iìver Cu leveìs

most of the cattle were ln good Cu status at the start of the triai.

Over the grazing season lìver Cu was drfferent between CuON treated

and untreateo cows (l'tgrure 2A). CuON were effective in ¡ncreaslng

hepatic Cu concentratlons. The higher dose of CuON had no beneflclai

effect over the 25 g dose (Figure 2A). it aPpears that liver Cu reachec

a plateau by day 28 and remarned at that level unttl the end of the
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trtal

Langlanos et aì. (1986b) reported that a dose of 0.045 g CuON per

kg body werght provtded suffrc¡ent hepatrc Cu to Herefor0 co\.rs anO

her fers. They pred¡cted that at 50 to 100 days after dostng, the

average increase in hepatlc Cu concentratlon was 70 to 8¿ mg rg-l DM,

respecttvely for an anlmai gtven 0.045 g CuON kg-l body weight. This

dose ls egurvalent to the 25 g dose ad'nlntstered to the cows useo ln

thls experiment. AOditional ly, the lncreases in hepatlc Cu ln cows

treated with 25 g Cu0N (Figure 2A) were similar to those reported by

Langlands et al. (1986þ). At days 28 and 92, cotts tn group 25 Cu had 78

and 85 mg kg 1 
DM to.. llver Cu than untreated cows.

Langìanos et al. (1983) reported that as the dose rate of Cu0l{

incneased in sheep, the quantrty of hepatÌc Cu stored per gram of CuON

grven decl tned as the dose ¡ncreased from 0 to 32 g. Two to three

months after dosing peak hepatic Cu values were reacheo, fol loweO by a

rate of oecl rne posttlveiy relateO to the dose gtven. MacPherson (1984)

found there appeareq to Þe only a two month advantage conferred by an

lncrease tn dosage rate ln cor.rs from 20 to 60 g CuON. It ls therefore

not surprìsing that the hrgher dose of 50 g CuON used in thts study dtd

not rncrease the hepatrc Cu content above that of the 25 g CuON treateo

covrs (Frgure 2A). Liver Cu content of 0 Cu cows appeared to lncrease

rndrcating dietary intake of forage Cu appeared to be sufftcler¡t,

al though final avai lable Cu v¡as lower as the tr¡al advanced (Taole 9).

Cows \r'ere in good þody Cu status r¿hen the triaì began and cows may have

been effrclent at conservrng I tver Cu.

Treatment of. 20 g CuON to calves increased ltver Cu (F¡çrure 5A)'

Cu6N provided an effective method of raising I iver Cu levels ¡n th¡s
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tr¡aì when adn¡nistered at 0.18 g CuQN kg-l body wejght. This dose of

ZO g v¡as reported by others to be effecttve in ratsing liver Cu ìeveìs

in calves (Der¿land et al 1979; ¡dhitelaw et al 1984; R¡chards et al.

1985).

Unl ike treated cohrs, treated calves had i iver Cu levels that were

lower at the end than the beginning of the trial (Figure 5A). Caives

(Figure 5A) compared to cows (Figure 2A> were not eff ìcient in

marntatntng hepatic Cu stores. At the start of the grazlng trtal,

caìves obtained most of their d¡etary Cu from mtlk, whlch is veny low ln

Cu (Underwooci 198i) at 0.10 to 0.20 mg L-1 (Lonnerdal et al. 1981). The

efficiency of Cu aÞsorpt¡on ir¡ caives ts hlgh (ARC 1980). but at a ttme

when dretary Cu from mtlk rs low. As the season pnogresses more of the

calf dietary Cu comes from the forage, also low tn available Cu (Tabìe

9). in addrtron the calf becomes iess efficient in absorblng Cu as the

effrclency of Cu aþsorptlorr decreases as the calf grows (ARC 1980).

Addìtlonal ly, the Cu requirement of. the calf increases over ttme

therefore liver reserves are depleted in order to meet thts added Cu

demand. in contrast, as the season progresses, lactation in the cow

decl¡nes and her Cu demand ciecreases therefore the ltver reserves can be

repleted as Cu tntake remalns constant or increases.

There was no benef¡ciai effect of providing supplemental Cu to the

cow relative to increasing cal f I iver Cu levels (Table 6). Thts ls in

agreement wìth Under\{ood (1981) who reported that milk Cu, although ìoç

in Cu content, did not lncrease with Cu supplementatton.

Plasrna Copper

Tceatment with CuQN had no effect on plasma Cu levels in cotr's

(Figure 3A) or calves (F¡gure 6A). Calves appeared to galn no beneftt
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lrhen sucklrng cows dosed w.ith CuON. This ¡s in agreement with Bol la et

al. (1984b) who reported caìves suckling cows injected with Cu glyctnate

showed no improvement in serum Cu levels over control calves.

The mean plasma Cu concentration for all cows and all calves on day

0 was 106 and 82 ug dL-1, respectively. The normål range of Cu rn

plasma in ruminants rs 80 to 120 ug dl-l (Undr.rood 1977>. Leveis below

-t60 ug dL'were reported as indlcatrve of a Cu defìcrency. Aìl cows and

calves had rnitial plasma Cu levels above the deficient level throughout

the trial. The aþi i ity of cows and calves to malntain adequate piasma

Cu levels were related to adequate liver Cu stones at the start of the

trral. in cows (Table 4) and calves (Table 7) plasma Cu concentrattons

were hjgher or¡ day 28 and lower þy day 63.

Dev¡land et al. (1986) reported plasma Cu levels rncreased In cows

treàted with 50 g Cu0N and ¡n untreated cows, but to a snraìler extent.

After 80 days they found that pìasma Cu was different þet\teen the

treated ano untreated cows. Judson et al . (1982) reporteq piasrra Cu

levels in suckìing caives treated v¡lth 25 g CuON were not dtfferent from

untreateo caìves at 20 weeks¡ however , by 4l weeks the treated caives

had higher plasma Cu levels. It may therefore be possiþìe that had this

trral run longer than 92 days, a dlfference ln plasma Cu þetween treated

and untreated cattle mlght have been measured.

Pìasma Cu was not correlated with I rver Cu in cov¡S (Tabie 5) or

calves (Table 8) rndicattng that plasma Cu did not accurateìy reflect

body Cu stdtus. BlakleV and Hanilton (1985) also reported that serum Cu

was not correlated with hepatic cu in cattle and sheep. The

concentration of Cu in blood is not necessari ly tndtcatlve of the Cu

body status of the animaì. Claypool et al. (1975) reported that only
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trial reported

when plasrna Cu was iess than 50 ug dL

at I iver Cu of less than 40 mg t<g-l DM. Throughout the

herein, plasma Cu leveis did not fall below 60 ug dl-l and therefore ¡t

is not surprlslng that plasma Cu levels do not refìect the concentrat¡on

of Cu in the liver.

Pìasma CpOx

Srnce CpQx synthes¡s occurs in the liver, a malor Cu etorage slte,

Cp0x actlvity mày be a useful indrcator of Cu status. Elevated CpOx

levels wene observed in Cu deflc¡ent sheep and cattle that were fed Cu

supplemented drets (Lorentz and Gibb 1975; Ktncaio et al. 1986a).

Feedìng Mo and S to rumtnants has resulted rn varying reports ln CpQx

actìvity. A decrease in CpOx was seen ln Mo and S supplementeci sheep

(Suttle ano Freld 1968) whrle others have reported no reduction in Cp0x

rn sheep (Bremr¡er 1976t Bremner and Young L97B>. CuON hao no effect orr

the actrvrty of Cp$x In cows (Ftgure 38) or calves (F¡gure 68).

Activity was hrgher on da:v 63 rn cows (Ftgure 38) anci calves (!'¡gure 68)

rndtcatrng circulating levels of metabol lcal ly acttve Cu were htgher ln

al ì cattìe. CpOx Ìs reportecj to comprrse 9U to 95% of the piasma Cu

( Fr r eder¡ 1980 ) .

Since CpOx rs synthesized in the I iver. it v¡ould be expected that

I iver Cu and Cp[x acttvtty may be highìy conrelated. Howet'er, In cows

(Table 5) and calves (TaÞle 8), I tver Cu and plasma CpQx were not

correlated. Thrs ¡s ln agreement with the results of Blakeìy ano

Hamilton (1985). They proposed that the correiatton is poor because

Cpgx actrvrty is l ikely maintarned at the expense of hepatic Cu stores

and would not be a useful indicator of liver Cu stores unttl ltver Cu

had been depleted. Under condit¡ons assoctated wtth normal Cu status'
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as appears wlth coçJS and calves in this trial, most of the I iver Cu

stores are thought to þe sequestered tn a storðge pool, unl ikely to

correlate closely \.rith the functionaì Cu Pool that is àssociateo v¿tth

Cp0x.

As CpOx acttvlty changed over sanpling days tn all cows (Table 4)

arrd calves (Table 7), a drfferent pattern was oÞserved ln plasma Cu in

cows (Table 4) ancl calves (Table ?). Plasma Cu in al I cows (Tabie 4)

and caives (Table 7) was hrgher on oay 28 and lower by oa:/ 63.

Correlatron coefftcrents were poor for calves (Table 8) between plasma

Çu arrd Cp0x ano poor for cows (Taole 5l except for 25 Cu covJs'

Surprrslngly thene was a signìficant negative correlat¡on betweerr the

two parameters in 25 Cr¡ cows. Thìs may be due to the fact that piasrna

Cu appeared to be hlgher at day 0 in 25 Cu cows (Frgure 3A) compareq to

0 Cu or 50 Cu co\{s. Cows were not allocated ¡nto treatment groups baseo

on plasma CpOx'

S r nce Cpgx ¡ s reported to compr I se 90 to 95\ o'Í. the p I asma Cu

(Frreden 1980), rt would þe expected that a good correlatron \,Jould ex¡st

between the two parameters, as reported by Bingley and Anderson (19-(2).

liowever, resuìts of thls trial ågree r^¡rth those o'Í. Kincatd et al.

(1g86a) who reported a poor correlation between plasma Cu ano Cp0x in

cattie. Connor and Poole (1981) reported there was a dra¡rrattc drop In

the correlatior¡ between plasma Cu ano Cp0x acttvity ln yearì tng bui ls

treated with CuQN, CuCaEDTA or Cu glycinate whrch cotnctded wrth the

appearance of a signrficant quantity of TCA-insoluble Cu. They thought

this was due to a seagonal r¡se in S levelg ln an area with elevated

pasture Mo levels. in this trial, high water S (Table 10) and hlgh

forage Mo levels (Table 9) remarned constant throughout the season.
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This S and Ho might have contributeO to an ¡ncrease ¡n TCA-insoìuble Cu

resulting in a poor correlatton between pìasrna cu and cpox.

Moì ybdenum

Lesperance and Bohman (1983) reported that plasma Mo was the þest

indicator of a hìgh dietary intake of Mo; l¡ver Mo increased at a slower

rate relatrve to plasma Mo. In this triai, liver l,!o levels peak at the

same time as plasma Mo (Tabie 4, Ftgures 28 anO 3C). Ltver Mo was low

in caìves and cows indicating that the liver ¡s not a site of Mo

accumu l at i on .

Lrver Mo rn cows (Frgure 28) and calves (Ftgure 58), and piasma Mo

in cows (Frgure 3C) and calves (Frgure 6C) vas higher on day 28 ano was

subsequently lov,¡er on day 63. Higher plasma Mo cotncided wtth a hìgher

plasma Cu corrceritratron ln co\rs (Prgure 3A anci 3C) and caìves (F¡gLrre 6A

and 6C), foììowed by a lowen concentratton for both parameters. Clawson

et al. (1972) reported that plasma cu rn Hereford helfers was hlgher at

ciay 30 in antmals recelvlng suppìemental Cu and Mo. They proposei that

the hÌgher plasma Cu leveis in the heifers rePresented the plasma

accumulation of, an insoluble Cu-Mo complex. Mason et al ' (1986)

suggested a three-way interactron between albumin, Cu anci TM occurs In

plasma leading to an increase in the plasrna Cu measure. Therefore. the

coincrdent peaks observecj in this grazing trral may be due to the

formatron of an ¡nsolubie Cu-Mb complex in the plasma. The high level

of Mo in the forage consumed þy the cattìe appears to have thls effect

whether cattle were treated with CuON or left untreated. The fact that

there r,Jas no dlf f erence ln plasma Cu or Mo between treatment groups ln

co\rs and calves indtcates that CuoN did not mod¡fy the Cu-TM

relat¡onship as reported by Langlands et aì. (1986a). They proposed



116

that little Cu is released in the rumen and the avatlability of Cu rn

the Cu0N when lodged in the abomasum is unaffected by d¡etary Mo and S.

Therefore Cu from the CuON would not be available in the rumen for the

formation of rnsoluble Cu-TM.

Correlatrons between plasma Cu and Mo were significant in al I cows

arrd Û Cu cows (Table 5). Mll ls et al ' (1978¡ and Moshtaght-Nla (1985)

reported that a high correlation between Serum Cu and Serum Mo was

associateo with a high ìevel of serum TCA-insoluble Cu.

Lesperance and Bohman (1963) reponted the add¡tron ot inorganlc Mo

at 100 mg rs-l Dl.l to the diets of Hereford heifers increased plasma Mo

concentrations. However, LZ months after the start of tne trtaì, a

sudoen decrease in plasma Mo occurred which was not accounteo for by

anrmals go¡ng off feeo. Thrs declrne ln piasma Flo was much greater and

appeared later than the decline observed tn cows (Fìgure 3C) anO caives

(Figure 6C) rn thìs trial. This may be due to the extreme differences

rn dletary Mo levels. Monty and Cl ¡ck (1961) reported that rats

matntatneo on dtets contarning toxlc levels of Mo developed the ab¡ I t ty

to adjust homeostatlcal ly to high Mo levels. This phenomenon may

explarn the reductiorr seen rn plasma Mo and ltver Mc tn cows (Flgures 28

and 3C) and calves (Frwres 58 and 6C) as they becone more eff lclent in

excreting excess dietary Mo.

i ron

Liver Fe levels in cattle were well above the llver Fe content of

-l169 mg kg-' DM measured by Ammerman et al. (1967) ¡n what they termed

Fe-depleteO calves. Supplementation with CuON had no tnf luence on the

concentratron of Fe in the liver or plasma of cows or calves. Over the

graztng seèson, ltver Fe levels remarned constant tn co\.JS (Table 4)
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while in calves (Table 7) levels were highen on day 28. Milk Ìs

relatlvely low in fe, containing 0.3 to 0.5 mg L-l (Underwood 1981 ).

The ir¡crease seen in calf liver Fe (Table 7) may refìect a decrease in

mr lk consumption by calves along with an increase in forage (Table 1i )

ano soil consumption (Healy 1968) with a resultant increase of dtetary

Fe content. Fol lowing the increased hepatic Fe depos.itìon, calf plasma

Fe was lower (Table 7) indrcating that less l'e was circulating tn the

plasma. Charpentrer (1966 as cited in ARC 1980) reported that wtth Fe

deficient calves, an increase in Fe in the blood is accompanied by a

release of Fe from the I iver. The reverse occurs with calves in this

trial (Table 7) lndicating that calves are in an Fe suff¡cient state

since Fe is taken up from the plasma and deposited in the liver.

Llver Fe levels in cows remained constant throughout the trial
(Table 4). 0lder cattle appear to be more effic¡ent in matntatning Fe

body stores as the Fe requlrement rn older cattle is less crrtical than

young anlmåls (ARC 1980). Reports of. Fe deficlency of nutritional

origin are rare rn cattle (ARC 1980). The reduction seen in plasma Fe

ln cows tTaþle 4) may reflect the change in Fe content In the forage

(Table 11).

Z tnc

Treatment of cows with CuON had no effect on cow Zn status (Taoie

4). Underwood (1981) reported that the normal plasma Zn concentrctton

is 80 to I2O ug dl-l. Plasma Zn in cows was hìgher on day 28

accompanied by a lower concentration in ltver Zn (Table 4). It appeared

that plasma Zn of cows was higher at the expense of reserves of Zn ln

liver. Underwood (t977) reported changes in concentration of serum Zn

may be indicative of changes in tissue turnover of Zn, stress, tnfect¡on
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or dietèry ava¡ labi I ity. Plasma and I lver Zn in cows rernained stable

until the end of the trtal (Table 4) when plasma Zn was at levels

indìcative of a Zn def¡clency based on criteria established by Spais and

Papasteriad¡s (1971). This possibly reflects the low Zn content of the

forageconsumedbycattle(Table11). Zn levelsin forage on day 63

h'ere approximateìy half that on day 0. Pasture minenai intake was

calculated to be 26.5 g per cow-calf un¡t; therefore each cow-calf untt

was calculateo to be consuming 39.8 mg Zn day-i. The Zn requlrement of

cattle (NAS-NRC 1984) shouid have been rnet; however mrneral consumption

is varrable and the mineral may have been consumed in greater amounts by

graz l ng catt I e that were not on tr i al .

Treatment ot calves wrth CuON had no effect on Zn status of calves

(Taþle 6); however plasma Zn was higher in calves sucklrng cows treated

wrth CuON (Frgure 7). The only link that exists between a cow and her

calf is the cow's milk. Zn content in mìlk is high at 2.30 to 5.00 mg

L-L (Underwood 1977), it is assumed that there was an increase ln Zn

excretton in the mrlk of cows treated v¡lth Cu0N. However, there wès no

difference for plasma Zn or liver Zn between treated and untreated co\{s

(Table 4). There may have been an ¡ncrease in the Zn turnover, wtthout

changes ¡n Zn content in the body of cows treated r.rith CuON, resulting

in an rncrease of Zn excretlon in the milk. Mrller (1979) reported that

the mammary gland excretes Zn at a higher rate when excess Zn is presenl

¡n the body, while Underwood (1981) reported an increase of Cu content

in mìlk was not seen wlth excess dietary Cu. Additionaily, Mills (1980)

reported a depletÌon and repletion in dietary Zn leads to a decrease and

ìncrease, respectively, in Zn content ln milk. The decrease ln plàsmå

Zn seen in calves after day 28 may be due to a decrease in Zn content ln
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the milk. Forage consumed by cows was lower in Zn content by day 63

(Table 11) and cows on a low Zn diet conserve Zn by reducing the alnount

of Zn going into mi lk (Mi I ler 1979). Additional ly Zn content in the

rni ìk decreases as lactation progresses (Underwood L977). Calves

consumed less milk, lower in Zn content, and more forage, aìso lower in

Zn (Table 11) as the season progressed.

Judson et al. <1982> reported plasma Zn did not differ tn calves

treated wi th CuON or untreated caì ves. Boi I a ( 1987a) reported that

serum Zn from cows and calves did not differ between CuON treated and

untreated cows and calves. In both studies the effect of caìves

suckl ing cows treated with CuON was not examined.

t'frnerals in the Forage

Forage nutrlent contents (Table 9 and 11) are defined as adequate

or defÌcient for cattle as recommended by NAS-NRC (1984). The Ca, Fe,

Ms and total S concentrat.ions were adequate in the grasses and legume.

In the grasses and legume, Cu, Mn, Zn and CP vere oefictent. P was aiso

iow ln the grasses. Supplementary minerals in the free-choice minerai

preparation were provlded to correct mrneral deficienctes. Based on è

m¡neral intake of the Co-op supplement of,26.5 g per coç/-calf unlt'

consurnpt.ion of Zn and Mn was 39.8 and 17.0 mg tg-1 DM, respecttvely,

from the Co-op sheep mineral suppl ement. Therefore thts rntnerai

supplement in addition to the Zn and Mn in the forage should have been

sufficient to meet the animal's reguirements.

Caìculation of the Cu absorption coefficient (A) provides an

estimate of the fraction of dletary Cu available for absorption from the

digestive tract (Table 9). The equation used ln this study by Suttle

and Mclauchlan (19?6) was criticized by Suttle (1983) in that the former
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study used semi-purified drets !rith sheep. Suttle (1983) suggested the

use of an equation dertved from pästure antmais, however at htgh S

levels, the caiculatÌons do not "make sense". The percentage of

available Cu should decrease wtth tncreaslng 5 content in the forage Out

wrth the equatron by Suttle (1983), this value increased. theretore'

the equatton by Suttle and Mclauchlan (197$) was thought to g¡ve a more'

reliable estimate of avat Iable cu. including $,ater s into the

calculatron as a source of dietary S causeci a dramattc drop tn the value

of(A)aswäterswasquitehigh(Table10).Theabsorptloncoeff¡cient

and avai iabie Cu was calculated to be srmi lar f or cows and calves' Tire

avar lable cu appeared to decl ine over the grazlng season (Tabl e 9), as

d¡d the Cu measure ¡n the grasses.

The absorption coef.flc¡ent was calculated for legume and appeared

to l¡e lower thàn in grasses (Tanie 9): however, audrlaOle Cu in legume

was approxrmately the saine as ln grasses overail (Tabie 9)' it does not

appear that encouragement of ìegume growth ¡n the pès-!ure woulcj not

change the aval ì abl e Cu content of forage consumed by catt I e ' However '

an tncrease In the amount of legume on pasture wouìo increase the CP

intake of the cattle as in genenal, legumes have a htgher proteln

content than grasses (Church 1986). The Cu:Mo ratto In grasses ano

leçrume ane lower than those recommended by Al loway (19?3), Stewart and

Racz (1971) and Fisher and i.laldern (1978); suggesting that the hlgh Mo

content of the forage exerted adverse effects uPon Cu utt i izatton 1n

rumrnants ano had contributed to the decl ¡nrng I rver Cu concentratlon

observed in caìves (FÌWre 5A). More lmportantìy' the Cu content in t'he

forage (Table 9) was much lower than the absolute cu requirement. based

on dretary levels for cattle reporteo by ARC (1980). This low Cu level
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by itself would lead to a primary Cu deficiency ¡f these animals had

lower body Cu levels when grazing began.
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SUMMARY

Copper oxide needles vrere evaiuated as a source of supPlementai Cu

for coers and thetr calves. Doses of CuON were gtven, 0, 25 or 50 g to

cows and 0 or 20 g to caives, at the start of the grazing season.

Effects upon body wetght; and measures of Cu, Zn, Fe and Þ1o status in

catt le \rtere evaluated.

1, Ttr; trnny Welght r'e$ponse of cows and calves $ras not inf luenced

(P>0.05) by suppìementation with Cu0N. Cow weight v¡as higher after

day 63 and calves grew continual ly throughout the tr¡al.

There v¡as a signif tcant (P<0.01) co\.t treatment x sampltng day

interactton for I iver Cu. CuON increased (P<0.01) I ìver Cu

concentrat¡on of 25 Cu and 50 Cu cows when measureo on sampìtng

days 28 and 63. Liver Cu concentration of 50 Cu cows r+as not

hrgher (P>0.05) than the liver Cu concentrat¡on of the 25 Cu cows.

Calves treated w¡th 20 g CuQN had hìgher (P<0.01) I ¡ver Cu

concentrations than untreated calves at days ?B and 92. By day 93'

liver Cu levels were lov¡er (P<0.01) than on day 28 in all calves'

Treatment of cows with CuON had no effect (P>0.05) on the Cu status

of cal ves.

Cu0N had no ef f ect (P>0.05) on the concentration of I'lo or Fe ln

l¡ver or plasma, the cu concentratton and cpox activity in plasma

or the concentration of Zn in liver in cows and caìves'

â

4

5
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Treatment of cows or calves dld not influence (P>0.05) plasrna Zn of.

cows or calves, respectlvely. Treatment of colrs wlth CuQN dtd

modify (P<0.05) calf plasma Zn. 0n day 28 plagna 7n $¡as higher

(P<0.01) in calves suckling 25 Cu and 50 Cu co\.rs compared to calves

suckling 0 Cu cows.

Forage analysìs showed Cu was deficient ln grasses relative to the

absolute requirement of cattie. in addrtion, Mo ieveis were htgh

¡n the grasses, resulting in a low Cu¡Mo ratio of 0.9. Water

consumed by grazlng cattie contalned a high sulphate level '

contributing to a decrease in the absorption coeff, icient for Cu,

resul ting in a low àvai labie Cu tn grasses.

Legume was present tn the Pasture but contriþuted to less than t%

of the ground cover. The lecrume Cu absorption coefftctent appeared

to be lower than that of grasses while avallable Cu and the Cu:Mc

ratio in legme wae approximately the same as in grasses overal l .

It does not appear that encouragement of legume growth in the

pasture would not change the avai lable Cu content of forage

consumed by cattle; however, an increase in legume Pasture coverage

would increase the protein intake of the cattle whÌch v¡as low.

7

',,."

I
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CONCLUSIONS

CuQN did not modify the body weight response of grazlng cows or

calves. This lack of response sras possib¡y due to the good body

cond¡tion and Cu status of the animals at the start of the trial. Liver

Cu concentrat¡ons lrere irnproved in treated cows and calves over the

seåson ¡noicating Cu0N were an effective method of prov¡ding

supplernental Cu to grazing cattle. A dose of 50 g CuON did not increase

the hepatic Cu content above that of the 25 g CuQn treated cows.

Plasma Cu and CpQx actrvrty and Mo in plasma and liver $tere not

influenced by dosing cotrs or calves with CuoN. There lrere no adverse

eftects of a high dose of CuoN upon Zn or Fe ln plasma or liver, ð5

rndrcatons of Zn or Fe status. Plasrna Zn was higher ln calves suckllng

CuON treated cows, thereby ¡nd¡cat¡ng a benefictal effect of CuON

supplementatton in cows uPon Zn status in calves.
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Appendix Table A1: Analysis of varíance table for cow welght

Source

Trt cow

Error A = co¡^r (trt cow)

DF

2

Type III MSE

3452.0

20900 .1

2319.3**

67.0

]-92.4

Main plot

Sub plot

**P<0.01

34

Sampl-lng day

Trt cow x sampling day

Error B = cow (trt cor,u x sampling day)

3

6

101

H
.È.
l.'J



Appendix Table A2: Analysís of varlance for cow p1-asma parameters

Type III MSE

Source DF Cu CpOx Mo Fe Zn

Main pl-ot

Trt cow

Error A = cot¿ (trt cow)

2 r29L.4 47 .3

107.1

18.1 L4620.6

9217.0

2.8 .4

34 827 .O 4t8.4 1992.2

Sub plot

Sampling day

Trt cow x sampling day

Error B = cor,¡ (trt co\^t x sampling day)

3 4647.6** l_098 .1't*

25.3

19 .3

3785.2x*

24r.0

196.6

87 464 .9**

37 43 .0

2702.6

42734.8**

783.9

1365.2

6 559.0

101 321. B

**P<0.01

s'
U)



Appendix Table A3: Analysls of varlance table for cor¡ lfver paremeters together u'lth Llnear contrasÈ
analyals and estLnate of the dffference 1n llver Cu of CuO¡ treaÈed cor¡e (50 Cu,
25 Cu) and untreated cows (0 Cu) at daye 28 or 92 relatlve to day 0

Tvoe III HSE

Source DF Cu Ho Fe Z¡

I'laln plot

Sub plot

Contrast llver Cu

50 Cu - 25 Cu Day 92-0

25 Cu - 0 Cu Day 92-0

50 Cu - 25 Cu Day 28-0

25 Cu - O Cu Day 28-0

EstlnâÈe llver Cu

TrÈ colt

Error A - cow (trt cow)

Sanpllng day

Trt colr x sanplfng day

Error B - cow (Èrt cow x aanpling day)

2

34

2

4

67

4851 1.9

23565.2

100170.9**

10245 .5*,r

2225.3

11 .6

6.2

473.7t *

1.0

318 .6

4033.1

t4387.3

5166 .0

4387.8

249367 .9

9543.7

8909.6

30199.7'r

11378.0

6663.8

50Cu-25Cu

25Cu-0Cu

50Cu-25Cu

25Cu-0Cu

Day 92-O

Day 92-O

Day 28-0

Day 28-0

Estinâted dlfference

10 .8

84.6

8.9

78.2

I 365.0

1 21463.8**

1 239.9

1 18365.3**

S.E. of estlmate

26.7

27 .2**

27 .L

27 -2t t

**P<0.01

'tP<0.05
¡\s



Appendlx Table B1: Analysis of varíance table for calf weíght

Source DF Type III MSE

Maln plot Trt calf

Trt cow

Trt calf x trt cotnr

Error A = calf ( trt calf x trt cow)

Sampllng day

Trt calf x samplíng daY

Trt cow x sampling daY

Trt calf x trt cor¡I x samPling daY

Error B = calf (trt calf x trt cov/ x sarnpllng day)

1

2

2

303.0

9.3

6793.8

2727 .5

65330 .5**

l_4.3

38.7

54.1-

115 .4

31

Sub plot 3

3

6

6

92

**P<0.01

r
Ltr



Appendix Table B2: Analysís of varíance for calf plasma pararneters

Tvpe IIï MSE

Source DF Cu CpOx Mo Fe Zn

Maln plot

Trt calf
Trt cor¿

Trt calf x trt coü¡

Error A = calf (trt calf x trt cow)

1

2

2

0 .1_

146.5

258.7

588.1

20.I
36.3

L6.4

42.2

508.5

32r.9

458.7

2to.4

6L05.2

3606.2

3762.7

6118 .5

678.0

18700.6**

183.7

4064.631

Sub pl-ot

Saurplíng day

Trt calf x sampling day

Trt cow x sampling day

Trt cal-f x trt cow x sarnpllng daY

Error B = calf (trt calf x trt
cor^/ x sarnpling day)

3

3

6

6

g 341. 7**

97 .7

108 .4

2L7 .6

1167.6**

23.7

15 .8

5.3

16890.0**

66.6

176.2

93.7

79888.7**

2083. 1

2944.5

t822.4

34472.6*t

32 81 .0

5918.4**

3491_. 1*

92 211.6 ].4.6 257.2 3600.9 1584.5

**P<0.01

*P<0.05

5
o\



t47

Appendix Table 83: Linear contrast analysls and estímate of the dífference
fn calf plasua Zn within cow treatment on days 28, 63
or 92 ín relatíon to day 0

Contras t DF MSE

1

l-

1

1

1

1

50 Cu

25 Cu

50 Cu

25 Cu

50 Cu

25 Cu

Es tímate

25 Cu

0Cu

25 Cu

0Cu

25 Cu

0Cu

Day 92-0

Day 92-O

Day 63-0

Day 63-0

Day 28-0

Day 28-0

T64.7

211.8

542.r

293.7

L23.3

15494.6 ¿J

Es timated
difference S.E. of estimate Significance

50 Cu

25 Cu

50 Cu

25 Cu

50 Cu

25 Cu

25 Cu

0Cu

25 Cu

0Cu

25 Cu

0Cu

Day 92-0

Day 92-0

Day 63-0

Day 63-0

Day 28-0

Day 28-0

-7 .3

-8.3

13. 3

9.8

6.4

7L.I

22.7

22.7

22.7

22.7

23.0

22.7 ¿¿

**P<0.01



Appendlx lable 84:

llafn plot

Sub plot

Contrast lfver Cu

20 Cu - 0 Cu Day 92-0

20 Cu - 0 Cu Day 28-0

EstlEåte lfver Cu

Analyeis of varfance table for calf llver parsæÈera together wlth llnear contra3t
analysis eud eotfDate of the dffference ln lLver Cu of CuQ¡ treaÈed celves (20 Cu)
end untreaÈed calvee (0 Cu) at days 28 or 92 relatlve to däy 0

Tvoe III l,6E

Source

Trt calf

lrt cor¡

Trt calf I trt coÚ

Error A - calf (trt calf x trÈ coy)

Sanpllng day

lrt calf x saqllng day

Trt ccn¡ x saupllng day

Trt calf x trt con x sanpllng day

Error B - calf (Èrt calf x corr x
eanpllng day)

DF Cu

422030.9*,

975.1

t9433.7

9106 .6

102840.1r*

145559.4**

1787.0

1559.0

Ho

0.1

2.5

6.9

3.0

55.5rù

0.4

2.5

5.8

Fe

1744.4

7423.0

24977.5

18062 .8

19959 .2*r

11660.0

4069.9

2270 -7

Z¡

2582.O

3455.7

3050.7

6035 .9

9142.6

10295.5

5912.1

7423.2

I

2

2

31

2

2

4

4

20Cu-0Cu

20Cu-OCu

Day 92-0

Day 28-0

Estfnated dlfference S.E

131.2

253-5

61 1941 .9 2.9

I 79393.0*r

1 290838.0r*

of estfDate

20.5**

20.7r,*

3848.0 507r.2

**P<0.01

Þ.
N
(¡
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AppendÍx Table Cl: Least square means of cow liver Cu based on a linear
contrast on days 92 or 28 relatíve to day 0f

Líver Cu (ne ks-1
DM)

Day

0 28 92 MSEB+

Number 37 36 37

0Cu ]-64 175a 207 a 2225.3

2225.3

2225.3

25 Cu 138 227b 265b

50 Cu 175 273b 314b

TMSEB - Mean squares erïor (Error B) from the sub pi-ot.

fFígure 24.

arb Means in the
dífferent (P.0.

same column r,rith a different leÈter are sígnífícantly
01) using línear contrast.
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Appendix Tahle C2: Least square means of calf liver Cu based on a linear
contrast on days 92 or 28 relative to day 0f

Líver Cu (ng ke-1
DM)

Day

0 28 92 MSEB+

Number 37 36 37

0Cu 158 I20a 86.6a L94T,9

20 Cu 1-54 370b 213b L94r.9

+MSEB - Mean squares error (Error B) from the sub p1ot.

fFigure 54.

arb Means ín the same colurnn wíth a dífferent lett.er are sígnificantly
dífferent (p.0.01) using linear contrast.
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Appendix Tabl-e C3: Least square means of calf plasrna Zn within cow
trearment based on a linear contrast on days
92, 63 or 28 relatíve to day 0f

Zn( -1
)Plasma u sdL

Da

0 28 63 92 MSEB+

Number 37

131

L46

745

36

L27 a

2r3b

2r9b

37

]-32

].56

769

37

0Cu 109 1s84 .5

1s84 .5

1584 .5

25 Cu 116

50 Cu 108

fMSEB - Mean squares error (Error B) frorn the sub plot.

fFigure 7.

a,b Means in the same column wíth a different letter are sígnificantly
dífferent (P<0.01) using linear contrast.
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Appendíx Table C4: Least square means of calf plasma Zn withln cowtrea Èmentt

Plasma Zn (ue dL-1
)

Cow
trea tment

DavCalf
treatment 0 2B 63 92

0 127

136

109 r22

142

1240

20 r45 94

0 r37

155

L93

234

l-64 732

100

25

20 150

0 163

I27

229 ]-42 106

110

50

20 209 198

+MSEB - Mean squares error (Error B) from sub plot was r5g4.5.
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Appendix Table Dl: Anal-ysis of pasture mineralt con-
sumed by cattle

Cons títuent Concentration per kg

Ca c

g

oô

Act.

Act.

Act.

Max.

Act.

Act.

Ac t.

Act.

Act.

Min.

Min.

Mín.

160

160

4.0

3000

1500

1000

640

25

t4

15 1, 800

151,180

500

P

Na

F1 ng

mg

mg

mg

mg

mg

IU

IU

IU

Zn

Fe

Mn

I

Co

Vítanin A

Vitamin D
3

Vitamín E

tCo-op 1:1 Sheep mineral (Co-op Feeds) .

Guaranteed analysis by the manufacturer.
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Appendíx Table El: Raw data of concentratíon of nutrients ín forage
and water consumed by cows and calves during the
grazíng trial

Abbreviatíons:

Month refers to sarnPling dar': Jun

J1v

Aug

sep

-day0
- day 28

- day 63

- day 92

tÍrnothy

brome

kentucky

clover
vùa ter

Plant refers to speceis: tírn

bro

Kty

clo
Hzo

DMPCT

Cu

Mo

Fe

Zn

Mn

Ca

P

Mg

S-
ADF

CP

dry rra tler "/"

coppeï mg kg-1

(a11 forage analyses expressed on a 1007. DM basis)

molybdenum rng kg-1
-t].ron mg Kg -
-1zínc ng kg '

manganese rng kg-l
-lcalcium g kg '

phosphororr" g kg-1
-lmagnesium g k9, -

_1
total S forages: g kg '; r¡/ater:

acid detergent fíbre %

crude protein Z

mg S0,
.+

2
L-i



SOURCE

F EEOS
F EEOS
FEEOS
FEEOS
FE€OS
FE EOS
F€EOS
FEEOS
FEEOS
FEEOS
FE EOS
F EEDS
FEEOS
FEEOS
FEEOS
FEEDS
FEEDS
FEEDS
FEEDS
FEEOS
FEEDS
F€EOS
FEEDS
FEEOS
F EEOS

H
Lrl
Ln

CP

r2.t
r 3.9
t¡| .3
8.3
E.8
7.9
8.4

12.4
t.¡a
7.5
7.5
7.3
7.8
7.4
6.8

19. t
t6. a

":'

S AOF

I.54 3l.a
r .52 28.3
r .54 29.3
1.44 33.7
1.43 32.1
| .a7 32.O
| .12 33. I
| .1. 36.O
t .5¡t 3ó .7
f.t9 37.1
I .23 36. I
r.34 36.o
I .36 37 ,7
I .23 36.4
r .26 39.O
2. 13 28.7
1.50 29.9
I .50 29 .9

938.OO
994 . OO
928 . OO
9 r9.OO
9¡r7 . OO
938.OO
938.OO

rG

t.6
1.7
2.G
l.¡¡
t.5
t.3
Lt
r.3
t.3
t.3
1.2
1.7
2.1
1.2
f .3
3.5
3.8
3.8

CAP
1.7
2.O
3.6
t.8
t.6
t.5
1.6
2.O
t.8
1.4
1.2
1.7
1.4
r.5
1.7
3.6
2.6
2.6

3.7
3.4
3.9
2.3
3.5
2.5
2.9
t.8
2,5
t.9
3. ¿t

2.3
3.2
3.6
3. ¿¡

15.2
12.6
12.6

rN

35.24
36 .97
39 .91
3r.75
38.07
36 .67
32.52
3l .94
36, 39
21 .O8
27 .64
26.63
26.55
24.54
2r.03
26.74
35.08
35.08

21 .64
26. l7
26.86
23 .42
20.64
21.98
r9.20

t6
66
48
5l
65
54
7l
20
28
90
90

ZN

20
24
t3
't5
t3
l4
ll
t3
29
24
24

Íe

87 .23
88 .37
90. oo
72.A6
73.72
70.98
73 .95
70.68
75.96
65.42
68 .29
66.08
65.G9
63.73
G6.22

r89.99
t 40. 39
'r 40. 39

ro

4 .46
¡¡ .39
3.22
3 .91
4.O7
4.09
2 ,44
4.G5
2.Al
4 .73
5.92
5.76
2.90
2.27
2.21
7.74
5.80
5.80

94
67
97
85
3l
4A
t3
11
53
44
32
r6
36
38

t.06
7 .96
4.87
4 -A7

cu

5.
5.
4.
4.
4.
4.
3.
5.
4.
2.
2.
3.
2,
t,

OB5 tIONf H PLANT LOCAÍ I ON DIIPCT

9d
96
95
94
94
94
94
96
94
96
96
95
95
96
96
95
95
95

NEP
NYP
NEP
NEP
srrP
NEP
NYP
NEP
NYP
NEP
swP
N\f P
SUP
N€P
NìdP
NWP

SUP
SYP
SPR
REs
SPR
RES
sPlì
RES
RES

TIM
8RO
KTY
T II{
TIM
TIX
T¡I{
BRO
KBR
r¡il
TIH
BRO
ïIl¡
TBR
TBR
cLo
cLo
cLo
H20
H20
H20
H20
H20
H20
H20

JUN
\,UN
iJUN
JLY
rJLY
JLY
JLY
JLY
JLY
ÂUG
ÀUG
ÂUG
SEP
SEP
SEP
JLY
ÂUG
AUG
JUN
JUN
\,L Y

JLY
ÂUG
AUG
SEP

t
2
3
4
5
6
7
I
9

ro
rt
12
r3
l4
t5
r6
l7
t8
t9
20
2l
22
23
24
25
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Appendix Table E2: Raw data of weight, plasma and liver Parameters
collected from cows and calves over the 92 day
grazlng trlal

Abbrevíations:

Month refers to samPling daY: Jun

Jlv
Aug

Sep

- day0

- day 28

- day 63

- day 92

Sex calf: B

H

1

2

3

A

B

bull calf
heifer calf

0Cu

25 Cu

50 Cu

0Cu
20 Cu

Trt cow:

Trt calf:

I^IË

KGI^IT

BCUP

BCP

BMOL

BFE

BZN

LCi]P

LMOL

LFE

LZN

weight (1b.)

weight (kg)

plasma Cu ug dL

plasma CpOx AA nín

plasma l"1o ug dL

plasma Fe ug dL

plasma Zn ug dL 1

liver Cu tg kg-l
liver Mo mg kg-l
liver Ie tg kg-l
liver Zn u¡g kg-l

-1 L-1

DM

DM

DM

DM



OBS COUID CALFIO SEXCALF TRTCOI' TRÍCALF GROUP ¡IAYCO9YT IIAYCÂFYT 'MONTH COUUT CALFTT KGCOTUT XGCALFTT

fo
ft
12
r3
t4
r5
t6
17
f8
l9
20
21
22
23
24
25
26
27
2A
29
30
3l
32
33
34
35
36
37
38
39
40
41
42
43

5C
5C
5C
5C
6C
6C
6C
6C
12C
12C
t2c
12C
56C
56C
56C
56C
74C
14C
74C
74C
rtc
rrc
lrc
frc
33C
33C
33C
33C
r6c
r6c
r6c
f6c
r7c
r7c
17C
l7c
2P
2P
2P
2P
32C
32C
32C

241)
24V
2âV
24V
29U
29U
29U
29U
28U
28U
28U
28U
r3u
r3u
r3u
r3u
34U
34U
34U
34U
2U
2U
2U
2V
4ru
4ru
4ru
4ru
t7u
t7u
t7u
t7u
9U
9U
9U
9U
10u
rou
fou
rou
30u
30u
30u

B
B
B
B
B
I
B
B
B
B

B
B
H
H
H
H
H
H
H
H
H
H
H
H
B
B
I
I
I
B
B
B
I
B
B
I
B
B

I
B
H
H
H

A

l̂
¡
Â
A
Â

Â
Â

Â
Â

A

A
A

A
A
A

Â̂
Â
Â
Â
A
B
B
B
B
B
B
I
B
B
I
B
B

I
B
I
I
B
B
B

'ta
IA
IA
IA
IA
IA
1A
IA
IA
lÂ
IA
IA
lÀ
tA
IA
tA
1A
IA
IA
IA
IA
tÂ
IA
tÀ
tB
t8
t8
IB
IB
IB
IB
fB
IB
fB
r8
IB
t8
t8
r8
tB
'tB
IB
IB

I 580
r 580
I 580
r 580
r345
f 345
I 345
1 345
r 430
t430
t 430
I 430
r 250
| 250
r 250
r 250
t 470
r 470
147 0
1470
'I 435
I 435
r435
I 435
r630
1630
r 630
I 630
f 430
r 430
r430
t430
r4 t5
r4l5
l4 l5
f4r5
r 280
r 280
1280
r 280
t4 t5
t4l5
r4r5

3ro
3ro
3ro
3ro
t70
t70
t70
170
'r90
t90
190
t90
230
230
230
230
175
t75
r75
t75
270
270
270
270
r90
r90
r90
r90
225
225
225
225
r80
t80
t80
r80
f65
t65
r65
r65
225
225
225

dUNE
r,ULY
AUGU
SE PT
JUNE
dULY
AUGU
SE PI
JUNE
JULY
ÂUGU
SE PT
JUNE
JULY
AUGU
SEPT
JUNE
t,ULY
AUGU
SEPT
JUNE
JUL Y

AUGU
SEPT
JUNE
JUL Y

ÂUGU
SEPT
JUNE
JULY
AUGU
SEPT
JUNE
JULY
ÂUGU
SEPf
üUN€
JULY
ÂUGU
SEPT
JUNE
JUL Y

AUGU

t500
r 530
r505
I 535
r 268
I 235
1245
r 300
I 403
I 375
l3 ro
r 378
r2r3
1220
1225
1233
1448
1420
r 380
r 405
1425
1440
r 395
1420
't 548
r 370
r 535
I 570
r 330
I 330
I 325
1 350
Irlo
rtrS
r 265
I 255
1245
1245
l3r5
r3t8
r 393
I 390
't 335

350
440
545
640
235
295
395
475
2t8
265
330
395
273
330
405
¡165
203
2AO
3s5
438
3r5
375
¡165
425
227
300
400
495
274
340
420
500
200
260
340
413
t87
225
280
305
245
345
435

68r.818
695.455
68¿l .Og I
6s7 .727
576.3C¡t
56r.364
5C5.909
590.909
G37 .727
625 . OOO
595. ¡¡55
626.364
551 .36¡l
Ss¡t.5¡¡5
556.8 r8
560.455
658. 182
6¡t5. ¡t55
627 .273
638 .636
G47 .727
65¡l .545
634.091
645.455
703.636
622.727
697 .727
7r3.636
604.545
604 .545
co2.273
6r3.636
5O.l .545
so6.8r8
s75.OOO
57O. ¿155

565.909
565.909
597 .727
599.091
633. t82
631 .8 t8
606.8 l8

r59.09t
2OOlOOO
2.r.727
2go.Ðo9
106.8 r8
r34.09l
t79.545
2 15.909
99.091

t 20. ¡155
| 50. ooo
t79.545
r24.09l
rso.ooo
t8¡t.09 I
2r1.36.
92.273

127.273
t6 I .364
t99.09t
l¿r3. t82
l70. ¡¡55
211 .361
r93. r82
r03. r82
r36.364
t8r.8r8
225.OOO
126.364
154.5,15
r90.909
227,273
90.909

I 18. t82
l S4 . S¡ts
la7 .727
85. OOO

1o2.273
127 .273
138.636
t29.545
t56.818
1s7.727

Ln\¡



OBS COYTD CALF ID SEXCALF TRTCOY TRTCALF OROUP ¡|AYCOUYÎ IIAYCAFUT IIONTH COYUT UALFII KGCOIUT KCCALFYÎ

14
45
46
17
¿¡8

49
50
5r
52
53
54
55
56

32C
72C
72C
72C
72C
29C
29C
29C
29C
35C
35C
35C
35C
f8c
r8c
r8c
f8c
roc
,toc
roc
roc
r9c
r9c
r9c
r9c
25C
25C
25C
25C
t4c
14C
t4c
t4c
6€C
66C
66C
66C
r9s
f9s
,t 9s
r9s
60c
60c
60c

3(x,
r5u
r5u
f5u
r5u
36U
36U
36U
36U
39U
39U
39U
39U
r2u
12U
r2u
12U
25U
25U
25U
25U
r9u
f9u
r9u
r9u
23U
23U
23U
23U
22U
22V
22U
22U
r8u
t8u
r8u
t8u
20u
20u
20u
2ÙtJ
rru
tru
rtu

H
H
H
H
H
B
I
B
I
B
B
I
I
B
B
I
I
H
H
H
H
H
H
H
H
H
H
H
H
B
B

B
I
B
I
B
I
B

B

B
B
I
B
B

I
t
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

2
2
2
2

2

d
B
B
B
B
Â
Â
A
A
Â

Â
A

A
Â
Â
Â

A
Â
A

A

A
A
A
A
Â
A

A
A
A
B
B
B
B
B
B

B
B
B
I
B
I
I
B
B

IB
IB
IB
IB
IB
2^
2A
2A
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^
28
2B
2B
28
28
28
28
28
28
2A
2A
2A
28
2B
2A

t4 ri
I 380
r 380
r 380
I 380
t6 10
16 rO
f6 to
r6 to
t435
t435
t 435
I 435
I t90
I r90
r f 90
r r90
I 320
r 320
r 320
I 320
I 285
I 285
r 285
r 285
I 605
t605
I 605
t605
r605
I 605
l 605
r605
1435
f435
't435
1435
I 130
I t30
r r30
I r30
r 335
r 335
r 335

¿25
205
205
205
205
200
200
200
200
210
2to
2to
2ro
r90
f90
r90
r90
260
260
260
260
2r5
2r5
2r5
215
200
200
200
200
r50
r50
r50
r50
r80
t80
r80
r80
20s
205
205
205
235
235
235

SEP f

dUNE
dULY
ÂUGU
SE PT
JUNE
i,ULY
AUGU
SEPT
dUNE
JULY
AUGU
SEPT
ÚUNE
üULY
ÂUGU
SEPl
JUNE
JULY
AUGU
SEPT
JUNE
dULY
AUGU
SEPT
dUNE
ÚULY
AUGU
SEPT
ÚUNE
JULY
ÂUGU
SEPT
JUNE
JULY
ÀUGU
SEPT
JUNE
LIULY
AUGU
SE PT
JUNE
\,UL Y

AUGU

I 393
I 3gS
I 375
I 375
14 40
r 568
r 555
r600
r6 t3
1378
r3ro
r 385
r 353
t t60
f r80
I t55
r200
r3t3
r 265
r 250
l3l¡l
1220
r 305
r 260
t3t5
r 590
1 560
I 570
I 575
1 467
I 490
'r 460
r5t8
1 425
I 405
1375
I 448
ro90
r I t5
ro90
rttS
r 303
1295
r 3lo

505
243
300
390
458
260
340
440
533
255
305
390
468
220
375
¡t60
5¡ûO
300
275
345
403
245
3ro
400
465
24A
305
365
425
243
295
370
425
220
385
365
140
240
295
385
463
2AA
345
425

633. tûa
634 .Og r
625.OOO
625. OOO
654 .545
7 t2.727
706.8f8
727 .273
733. r82
626 .36.f
595 .455
629.5¿f s
6 r5.OOO
327.273
536.364
s25. OOO
5¡15. a55
s96 .8 r8
575 . OOO
568. t82
5,97.273
55¡t.s¡ts
593. r82
572.727
597.727
722.727
709. 09 r
7r3.636
7r5.909
666.8 t8
677 .273
663.63€
690.OOO
647 .727
638 .636
62s. OOO
658. 182
495. ¿r55
506 .8 r8
495. ¡155
508. r82
592.273
588.63G
s95 .455

22t.313
I ro..F5
t36..ó64
177.273
208. r82
t 18. t82
154.545
200. ooo
242.273
r r5.909
!38.636
177.273
21à.727
roo.ooo
f70.455
209. 09 t
2¿45..155
r36.364
r25.OOO
t56.8 r8
r83. t82
t t I .36¡l
I ¡lO . 9O9
18r.8r8
21t.364
I 12 .727
t38.636
r65 .909
t93. r82
I ÍO. 455
r34.09r
r68. 182
r93. r82
roo.ooo
i75.OOO
165.909
200. ooo
r09. 09 r

'13¡l . 09 t
l75.OOO
2to .155
r30.909
r56.8 r8
f93. r82

57
58
59
60
6t
62
63
64
65
66
67
68
69
70
7l
72
73
74
75
76
77
7A
79
80
81
a2
83
84
85
86
87

H
Ln
æ



oBs COU¡D

60c
63C
63C
63C
63C
6R
6R
6R
6R
65C
65C
6sc
65C
2N
2N
2N
2N
40c
40c
40c
40c
64C
64C
64C
64C
21C
21C
2 rc
21C
93C
93C
93C
93C
67C
6?C
67C
67C
t3c
r3c
t3c
t3c

CÂLF ID
Iru
27U
27U
27U
27U
3U
3U
3U
3U
21U
2ru
21U
2fu
5U
5U
5U
5U
45U
45U
45U
45U
r4u
f4u
t4u
l4u
38U
38U
38U
38U
40u
40u
40u
40u
6U
6U
6U
6U
4U
4U
4U
4U

SEXCALF

B
H
H
H
H
H
H
H
H
B
I
B
B
B
B
B

B
B
B
B
B
B
B

B
I
H
H
H
H
H
H
H
H
H
H
H
H
B
I
I
B

TRTCOH

2
2
2
2
2
2
2
2
2
3
3
3
3
3
J
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

TRTCÂLF

B
I
B
B
I
B
B
B
B
A

A
Ä
A
Â
A
A
Â
A

A
Â
A
Â
A

A
À
Â

Â
A
A

A
Â
Â
Â

Â
A
Â

A

B
B
B
B

GROUP

28
2S
2B
2B
2B
28
2A
2A
28
3A
3A
3A
3A
3A
3A
3A
3Â
3A
3Â
3A
3Â
3A
3A
3A
3A
3A
3Â
3Â
3Â
3A
3A
3A
3A
3A
3A
3A
3À
3B
3B
3B
3B

IIAYCOYYT

I 335
1310
t3 lo
l3 to
f3ro
r 255
r 255
I 255
I 255
1 585
1 585
r 585
I 585
I 430
I 430
I 430
I 430
I t20
t 120
I r20
I 120
I 590
I 590
1590
590

1425
1425
I 425
1425
r 250
r 250
I 250
I 250
f 560
I 560
I 560
I 560
I 640
I 640
I 640
I 640

iIÂYCÂFUT

235
175
f75
t75
175
2ro
210
2',to
210
203
205
205
20s
300
300
300
300
too
too
too
too
270
270
270
270
t85
t85
t85
185
t55
t55
155
t55
t90
t90
t90
t90
290
290
290
290

IIONTH

SEPT
ÚUNE
¡JULY
AUGU
SEPT
ÚUNÉ
JULY
AUGU
SEPT
JUNE
rJULY
AUGU
SEPT
JUNE
JULY
AUGU
SEPT
LIUNE
dULY
AUGU
SEPT
úUNE
JULY
AUGU
SEPÏ
TJUNE

JULY
ÂUGU
SEPT
JUNE
JUL Y

AUGU
S EPT
r,UNE
r,ULY
AUGU
SEPT
JUNE
!'UL Y

ÂUGU
SE PI

coh,rT
r 353
t 263
I 235
r200
1245
r 230
r 200
1230
f 265
I 550

1470
I 503
r 375
r 405
I 380
r 430
f 093
r065
r055
to95
t 543
r 520
l5r5
t543
r 365
'r4lo
r 330
r 358
r 260
r 235
| 250
1245
r 525
r 505
| 525
r 595
r 595
I 580
f 570
r6 to

CALFUT

505
225
295
375
450
234
290
355
424
215

355
438
358
4to
5ro
580
130
't 65
245
290
203
265
345
¡lo8
230
3ro
4ro
/178
203
255
320
4 t3
240
275
345
408
343
395
soo
580

KGCOTâ¡/Í

6r5.OOO
57a.09t
56 t .364
545. ¡155
565.909
559.09r
545.455
55g.09t
575.OOO
7O4.5,û5

KGCALFUI
ázg. s¿s
102.273
l3¡l .09 I
I 70. 455
2o1 .345
to8. r82
t3t.8r8
t6 t .364

.19¡l .5¡t5
97 .727

88
89
90
9l
92
93
94
95
96
97
98
99

roo
'to1
102
r03
r04
r05
r06
l07
ro8
l09
rfo
f f I
I t2
I t3
I t4
t 15
f16
t t7
t r8
r r9
r20
t21
122
r23
124
125
126
'127
12A

668. 182
683. t82
625.OOO
638 .636
G27.273
650. OOO
496.8 r8
48¡¡ . Og l
479.545
197.727
70t .36¡¡
69().909
6üt.3t¡
70t .364
620. 455
6/00. 9O{,
604.5.5
G,17 .273
372,727
56 f .364
568. r82
584 .Olt r
693. t82
68¿r . 09 I
693. t82
725.Oæ
725 . OOO
7r8. 182
7r3.636
73t.8t8

l6 f . 3C'f
r99. 09 t
162.727
t86.364
23t.818
263.636
59.09r
7s.ooo

trt.364
r3r.8l8
92.273

l20. ¡155
156.8rú
I 85 .455
r04 .545
140.909
t86.364
2t7 .273
92.273

I 15 . ftog
rô5.455
187 .727
'r09. 09 t
t25.OOO
t56.8r8
r85.455
r55.909
t79.545
227 .273
263 .636 F

(,r
\o



OAS COU¡O CALF TO SEXCALF TRICO'J IRTCALF OROUP 
'1ÂYCOUUT 

IIAYCAFYl TONTH Corrl CrLFYÍ XGCOTYT KdCAL,YT
r29
r30
t 3't
132
r33
t34
r35
r36
t37
t38
r39
r40
't4 r
142
t43
114
t45
t46
147
t48

22C
22C
22C
22C
6S
6S
6S
6S
52C
52C
52C
52C
23C
23C
23C
23C
75C
75C
75C
75C

37U
3?U
37U
37U
IU
IU
IU
tu
8U
8U
8U
8U
7U
7V
7U
7U
35U
35U
35U
35U

B
B
B
B
I
B
B
B
B
I
I
B
B
B
B
B
H
H
H
H

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

B
I
B
B
B
I
B
B
B
B
I
B
B
I
B
B
B
B
B
B

3B
3B
38
38
3B
3B
3B
3B
38
38
3B
3B
3B
38
3B
3B
38
3B
3B
3B

r 535
I 535
I 535
r 535
rooo
rooo
rooo
rooo
r 335
r 335
r 335
I 335
I t50
I r50
I f 50
I t50
l 690
r 690
t 690
I 690

200
200
200
200
270
270
270
270
200
200
200
200
2s5
2s5
255
255
165
t65
t65
1C5

ÚUNE
ÚULY
AUGU
SEPT
JUN€
ÚULY
AUGU
SEPT
JUNE
r,UL Y

AUGU
SEPT
\,UNE
JULY
AUGU
SEPI
JUNE
ÚULY
AUGU
SEPT

t490
1470
f 490
r 465
r023
ro30
r065
r078
| 293
t2fo
1240
I 298
r t30
r ro5
ftlo
I r83
r 688
r 655
rG30
r 695

250
3r5
420
495
343
4to
505
585
235
300
370
42f,
303
372
450
543
203
25s
340
395

G77.273
668. tC2
677 .273
665.909
¿65.OOO
468. r82
484 . (Xt I
490.OOO
5A7 .727
sso. ooo
563.636
s90.ooo
5f3.636
502.273
504 .545
537 .727
767 .273
752.273
7¿tO,9Og
770. 455

I t3.536
r43. r82
r90.909
225.OOO
r55 .909
t86.36¡l
229.545
265.909
to€ .8 r8
136.364
r68. r82
t9¡ .545
137 .727
l69.09t
2O4.5¡15
246.8 t8
92.273

I f5.909
154.5¡ts
179.545

ts
o\o



o85 coulo caLF ¡D SEXCALFTRTcowTRTCALFGRoUP}lAYcoUBci{AYcAFBcsoURcEtloNfH
COUBCUP

98

CÂLFBCUP

63

5C
5C
5C
5C
6C
6C
GC
6C
r2C
r2c
r2c
r2c
56C
56C
56C
56C
74C
74C
74C
7ac
lrc
rrc
Irc
trc
33C
33C
33C
33C
t6c
r6c
r6c
16C
r7c
f7c
17C
l7c
2P
2P
2P
2P
32C
32C
32C
32C
12C
12C
72C

2âtJ
24V
24U
2¡lU
29U
29U
29U
29U
28U
28U
28U
28U
r3u
r3u
r3u
r3u
34U
3¡lU
3¿lu
34U
2U
2U
2U
2n
4tu
4ru
4tu
4ru
I?U
r7u
t7u
t7u
9U
9U

B
B
B
B
B
B
B
B
I
B
B
B
H
H
H
H
H
H
H
H
H
H
H
H
B
B
B
B
B
B
B
B
I
B
B
s
B
B

B
B
H
H
H
H
H
H
H

A
A

Â
A
l
^
Â
A
A

l̂
l
A
l
A
A
A

A
A
A

A

B̂
B
B
B
I
B
B
B

I
I
B
B
B
B
I
I
I
B
B
B
B
B
B

lA
lÂ
IA
lÀ
IA
tÂ
'la
tÂ
IA
tÂ
IA
l^
fA
lÂ
IA
IA
lÂ
IA
IA
IA
lÂ
IA
tA
tÀ
2B

. O¡l

.O¡l

.o4

o .71
O, 7¡l
o. 74
o.74
o. 84
O.84
o. 84
o.84
o.8 t
o.8l
o.8 r
o.8l
o.71
o.71
O.7 4
o.74
o.70
o. 70
o.70
o. 70
o.98
o.98
o.98
o.98

BLOOO
BLOOO
ELOOD
BLOOO
BLOOO
BLOOD
BLOOD
8L000
BLOOO
BLOOD
BLOOD
BLOOO
ELOOO
BLOOO
BLOOO
ELOOO
BLOOO
BLOOD
BLOOO
BLOOO
BLOOO
ELOOD
BLOOD
8LO00
BLOOD
BLOOO
BLOOO
ELOOO
BLOOD
BLOOO
BLOOD
BLOOO
BLOOO
BLOOO
BLOOO
BLOOO
ELOOO
ELOOO
BLOOO
ELOOD
BLOOO
BLOOO
ELOOO
ELOOD
BLOOD
BLOOO
BLOOO

JUNE
JULY
AUGU
SEPT
JUNE
JULY
ÂUGU
SEPT
JUNE
ltuLY
ÀuGu
SEPf
\,UNE
JULY
ÂUGU
SEPI
iJUNE
JULY
ÂUGU
SEPT
JUNE
ÚULY
AUGU
SEPf
rJUNE
JULY
AUGU
SEPf
\rUNE
r,ULY
AUGU
SEPT
JUNE
JULY

^UGUSEPT
rruN€
\,UL Y

AUGU
SEPT
JUNE
!,ULY
ÂuGu
SEPT
dUNE
ÚULY
AUGU

146 8l
66
69
8l

127
e2
66

lO¡¡
9l
81
68
73

r05
93
77
86

r02
9l
76

tol
tlt
7g
a2
85
89

t
2
3
I
5
6
7
I
I

ro
It
12
r3
t¡¡
r5
r6
17
r8
r9
20
21
22
23
21
25
26
27
2A
29
30
3t
32
33
34
35
36
37
38
39
¡lo
41
42
¿¡3

44
45
46
17

t
t
t
I
I
t
t
t
t
t
I
I
I
I
I
I
t
I
2
2
2
2
I
I
I
'|

I
t
f
'l

t
I
I
I
I
I
I
I
I
I
t

.o4

.45

.45

. ¡t5

.45

.09

.09

.09

.09

.02

.02

.02

.02

.06

.06

.06

.06

96
98

r30
t ¿14

99
r05
98

I ¡t3
ttl
96

t22
tt2
90
95

rol
t2l
r02
95
77

r23
89
84

112
t5?
toa
tt3
Ir7
r25
I 12
l3¡l
7g

tta
96
79
95

t ¡16

tto
93
9¡[
96
95
8l
8l

r09
86

2A

o.92
o.92
o.92
o.92
l. t/¡
t.14
l. 14
t. t4
t.rl
t.ll
t. tl
t.lt
t.O¡l
l.o4
l.04
l.o¿t
r.03
r.o3
r.03
r.03
t.o4
r.o4
l.04
t.04
o-94
o.94
o.94

t. t3
L13
t. 13
Lt3

79

9U

2B
28
IB
TB
IB
IB
t8
IB
IB
18
t8
tB
IB
IB
tB
IB
IB
IB
tB
IB
rg

o.84
o. 84
O.8¡l
o.84
o.82
o. g2
o,82
o. 82
o.80
o.80
o.80
o.80
o.8 t
o.8l
o.8 t
o.8 t
o. 73
o. 73
o.73

65
76

r05
68
69
86

tro
9a
80
66

t3t
88
9ô
78

126
88
8.1
66
8l
68

9U
rou
rou
rou
rou
30u
30u
30u
30u
15U
t5u
r5u o\

H



OBS COYID CÄLFIO SEXCALF TRTCOIJ TRTCALF GROUP IIAYCOTBC TAYCAFBC SOURCE HUÑTH COUECUP CALFBCUP

.ö
¡19

50
5t
52
53
5a
5S

56

72C
2SC
29C
29C
29C
35C
35C
35C

r5u
36U
36U
36U
36U
39U
39U
39U

H
B
I
B
B
I
B

B

B
I
I
B
B
H
H
H
H
H
H
H
H
H
H
H
H
B
I
I
B
B
B
B
B
B
I
I
B
I
B
I
B
H
H
H
H

t
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
2
2
2
2
2
2
2
2
2

I
l
l
l
A
A
l
l

Â

A
A
A
A
A
Â
A

A
À
A
A
Â
Â
A
A

B
B
B
B
B
B
B
B
B
B

B
B
B
B

B
B
I
B
B

I

lg
2^
2^
2^
2A
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^
2A
2^
2^
2^
2^
2^
2^
2A
2^
28
2B
28
28
2A
2B
2g
2B
28
28
2A
2B
2B
2A
2S
2A
28
2A
28
2B

O.9¡
r.o7
r.o7
r.o7
f .o7
|, l¡l
t.14
t. t4
t. t¡l
o.99
o.99
o.99
o.99
o. 86
o. 86
o.86
o.86
o.95
o.95
o.95
o.95
o.92
o.92
o.92
o.92
I .24
1.24
1.24
L24
o.89
o.89
o.89
o.89
r.o7
I .O7
r.07
t.o7
t. r8
t. r8
r.f8
t.t8
t.03
r.o3
t.o3
l.o3

o.73
o. 88
o.88
o.88
o. 88
o.73
o.73
o.73
o. 73
o.88
o.88
o.88
o.88
o.79
o.79
o.79
o.79
o.70
o.70
o.70
o.70
o.68
o.68
o.68
o. G8
o.88
o.88
o.88
o.88
o.67
o.67
o.67
o.67
o. 70
o.70
o. 70
o. 70
o.89
o. 89
o. 89
o.89
o.98
o.98
o.98
o.98

ELOOO
BLOOO
ELOOD
BLOOO
BLOOD
ELOOO
BLOOO
BLOOD

BLOOD
BLOOD
ELOOD
BLOOO
BLOOO
ELOOD
BLOOD
BLOOO
BLOOO
BLOOD
BLOOD
BLOOD
BLOOO
BLOOO
BLOOO
BLOOD
ELOOO
ELOOO
BLOOD
BLOOD
BLOOO
BLOOD
BLOOD
BLOOD
BLOOO
BLOOD
BLOOO
BLOOO
Btoo0
BLOOO
BLOOO
BLOOO
BLOOO
BLOOO
BLOOD
BLOOO
BLOOD

SEPl
JUNE
JULY
AUGU
SEPI
JUNE
JULY
luclt
S€PT
JUNE
JULY
ÂUGU
SEPT
JUNE
dULY
ÂUGU
SEPT
JUNE
JULY
ÂUGU
SEPÏ
JUNE
\,ULY
AUGU
SEPT
JUNE
JULY
AUGU
SEPT
JUNE
\rULY
ÂUGU
SEPf
JUNE
JULY
AUGU
SEPf
\rUNE
JULY
ÂUGU
SEPT
JUNE
\,ULY
AUGU

SEPT

71
roa
r23
rtt
too
r63
139
roo
9¡l
a2
a2
8¡l
79
85
76
70
76
85

r06
88
75
79

tot
8l
a2

142
t23
r02
122
90
97
82
83
92

t75
to7
rot
t97
t20
roo
r13
221
r08
99
88

77
t26
r02
91'gt
65

l3a
?6

78
73

I f ¿l

67
69
59

tt9
7l
64
68

t25
69
8f
70

122
90
71
82

I t8
88
74

ttr
t16
79
85
83

r09
7l
7S
80

t2a
86
98
77

r08
65
76

57
35C
18C
r8c
r8c
f8c
roc
foc
roc
roc
r9c
r9c
r9c
r9c
25C
25C
25C
25C
14C
t4c
f4c
t4c
66C
66C
66C
66C
r9s
t9s
r9s
t9s
60c
60c
60c
60c
63C
63C
63C
63C

39U
r2u
t2u
t2u
r2u
25U
25U
25U
25U
r9u
r9u
r9u
r9U
23U
23V
23U
23U
2âU
241)
24U
24U
r8u
r8u
18U
f8u
20u
20u
20u
20u
rru
rlu
rtu
ttu
27U
27U
27U
27U

58
59
60
6l
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
ao
8l
82
83
84
85
86
87
88
89
90
9l
92

H
o'
N)



'..:..... ...

OBS COITD CALF TD SEXCALF TRTCOY TRTCALF GROUP úAYCOTSC IIAYCAFBC SOURCE ITOI{ÍH COIBCUP CTLFBCUP

93
94
95
96
97
98
99

100
lol
r02
r03
r04
r05
r06
r07
roo
t09
rrO
,trt
112
f 13
t't4
I 15
't t6
117
t r8
r,r9
r20
r2t
122
123
124
125
12G
127
128
r29
r30
l3l
t32
133
't 34
r35
r36
137
t38

oR
6R
6R
6R
G5C
65C
65C
65C
2N
2N
2N
2N
40c
40c
40c
40c
64C
6rtC

6¡lC
64C
2tc
21C
2tC
2fc
93C
93C
93C
93C
67C
67C
67C
67C
r3c
r3c
r3c
t3c
22C
22C
22C
22C
6S
6S
6S
6S
52C
52C

H
H
H
H
B
B
B
B
B
B
B
B
B
I
B
B
B
B

I
B
1{

H
H
H
H
H
H
H
H
H
H
H
B
B
B
B
I
B
B
I
I
B
B

I
B
B

B
B
B
B
A

Â
A
A
A
A
Â
l

Â
A

,̂
A
A

Â

A
A
A
A
Â

A
A
A
A

A

I
B
B
B
B
B
B
B
B
B
B
B
B
I

2A
28
2B
28
3A
3A
3A
3A
3Â
3A
3A
3A
3A
3Â
3A
3A
3A
3A

3A
3A
3A
3Â
3A
3A
3A
3A
3A
3A
3A
3A
3A
3Ä
3B
3B
3B
38
3B

'38
38
3B
3B
3B
3B
3B
38
3B

r.03
t.03
t.o3
r.03
l. ro
Lto
l. ro
t. ro
o.98
o.98
o.98
o. 98
1.12
t .12
l.12
t.12
t.o4
t.04
l.O¡l
|.o4
t.18
t.18
r. l8
r.18
o.95

1.09
r.o9
t.09
r.o9
r.03
t.o3
t.03
l.o3
o.64
o.64
o.64
o.64
t.O¡l
t.o4
t.o4
r.o4
o.97
o.97
o.97
o.97
o. 74
o. 74
o.74
o.74
t. ro
t. to
r. ro
r. ro
o.85
o.85
o.85
o.85
o.88
o.88
o. 88
o.88
o.87
o.87
o.87
o.87
r.06
r.06
r.06
1.06
l. 16
l.16

JUNE
iJULY
AUGU
SEPT
JUNE
üULY
AUGU
SEPT
¡JUNE
JULY
AUGU
SEPT
JUNE
JULY
AUGU
SEPT
ÚUNE
\,ULY
AUGU
SEPT
irUNE
JULY
ÂUGU
SEPT
TJUNE

JULY
ÂUGU
SEPT
JUNE
\,ULY
ÂUGU
SEPT
JUNE
dULY
ÂUGU
SEPT
JUNE
JULY
AUGU
SEPT
!rUNE
,JUL Y

ÂUGU
SEPÏ
ÚUNE
JULY

92
t07
97
96
98

93
7A
88

r39
a2
a7

roo
t27
t18
r09
86

roa
9l
95
95

ro8
82
7A
92

r02
9l
9t
98

lt2
97
8l
88
96
83
88
9t
97
83
83
7g
89
99
99
99

t34

a7
130
70
83

{og
3U
3U
3U
2rU
2ru
21U
2ru

Jg

5U
5U
5U
5U
¿¡5U
45U
45U
¿tSU

t4u
l¿tu

t4u
r4u
38U
38U
38U
38U
40u
40u
40u
40u
6U
6U
6U
6U
4U
4U
4U
4U
37U
37U
37U
37U
IU
IU
IU
IU
8U
8U

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
3
3
3
3
3
3
3
3
3
3

1.17
1.17
r.'t7
o.97
o.97
o.97
o.97
o.9l
o.9l
o.9 r
o.9l

BLOOO
BLOOO
BLOOD
BLOOO
BLOOO
BLOOD
BLOOO
BLOOO
BLOOD
BLOOO
BLOOD
BLOOO
BLOOO
ELOOO
BLOOO
ELOOO
SLOOD
BLOOD

BLOOD
ELOOO
BLOOO
BLOOO
BLOOO
BLOOO
BLOOD
BLOOO
ELOOO
BLOOD
BLOOD
BLOOO
BLOOD
BLOOD
BLOOO
BLOOO
BLOOO
BLOOO
BLOOO
ELOOD
BLOOD
ELOOO
BLOOD
BLOOD
BLOOO
BLOOO
BLOOD
BLOOO

?o
67
77

rt5
68
69

ro8
l2a
G7
90
6t
7g
1c
9l
85
69
63
70

t26
r97
9?
90
64
98
73
78
75

r20
66
69
77
62
70
64
97

r70
92
8l
83
97

o.95
o.95
o.95
1.11

H
o\
(¡J

o3
o3
o3
o3
o5
o5



COïIO CALFID SEXCALF TRTCOC lRlCALF GROUP HÂYCOYBC XAYCAFBC SOURCE IIONTH COUECUP CTLTBCUP

oBS I
I
t
I
t
I
t
1

I
I

o5
o5
o7
,07
.07
.o7
.oo
.oo
.oo
.oo

r. t6
t. t6
o.7 t
o.7 t
o.7 t
o.7l
o.88
o.88
o.88
o.88

BLOOO
ELOOO
BLOOO
BLOOO
BLOOO
BLOOD
BLOOD
BLOOD
BLOOO
BLOOD

ÀUGU
SEPT
JUNE
JULY
AUGU
SEPT
JUNE
ÚULY
AUGU
SEPT

92
8a
7l

t20
87
71

r56
96

r05
a1

9t
79
70
9t
73
68
72

r03
89
90

r39
r40
t4l
142
r43
t44
t45
t46
147
t48

s2c
52C
23C
23C
23C
23C
75C
75C
75C
75C

8U
8U
7U
7U
7U
7U
35U
35U
35U
35U

B
B
B
B
B
B
H
H
H
H

3
3
3
3
3
3
3
3
3
3

B
B
B
B
B
B
B
B
a
B

3B
3B
3B
3B
3B
3B
3B
3B
3B
3B

t--
o\
Þ.



oBs cobrlD cÂLFlo SEXCÂLF lRfCOY, TRTCALF GROUP SOURCE IIONÎH COUBCP C LFBCP

I
2
3
4
5
6
7
I
9

to
tt
12
t3
t4
r5
r6
17
t8
r9
20
21
22
23
24
25
26
27
2A
29
30
3l
32
33
34
35
36
37
38
39
40
4l
42

5C 211)
24V
24tJ
2 4t)
29U
29U
29U
29U
28U
28u
281)
28u
t3U
r3u
t3u
r3u
34U
34U
34U
34U
2U
2V
2n
2U
4 ru
4tU
4 ru
4tu
f7u
r7u
r7U
r7u
9U
9U
9U
9U
10u
10u
rou
rou
30u
30u

B
B
B
B
I
B
B
B
B
B
I
B
H
H
H
H
H
l{
H
H
H
H
H
H
B
B
B

I
B
B
B

B
I
B
B
B
B
B
B
B
H
H

A

Â
Â

A
Â
A

A

A
A
Â

A
A
A
A
A

A
A

A

A
Â
A
A
A

B
B
I
B
B
B
B

B
B
I
I
B

B
B
B
B
B
B

IA
ll
IA
tÂ
IA
tA
tA
lÂ
IA
tA
tA
tÂ
IA
IA
tA
IA
IA
IA
tA
JÂ
IA
IA
IA
IA
IB
t8
IB
t8
tB
IB
IB
tB
1B
IB
IB
IB
't8
.tB

IB
tB
l8
IB

BLOOD
BLOOD
BLOOO
BLOOO
BLOOO
ELOOO
BLOOO
BLOOD
BLOOO
BLOOD
BLOOO
BLOOD
ELOOO
BLOOO
BLOOD
BLOOD
BLOOO
BLOOO
BLOOO
BLOOO
BLOOD
BLOOO
BLOOD
BLOOO
BLOOD
BLOOO
ELOOO
BLOOO
BLOOD
BLOOO
BLOOO
BLOOO
BLOOD
BLOOO
BLOOD
BLOOD
BLOOO
BLOOD
BLOOD
BLOOD
BLOOD
BLOOD

JUNE
ÚULY
AUGU
SEPT
dUNE
\,ULY
AUGU
SEPT
JUNE
JULY
AUGU
SEPf
JUNE
JULY
AUGU
SEPf
JUNE
JULY
AUGU
SE Pf
\,UNE
TJULY
AUGU
SEPf
JUNE
JULY
AUGU
SEPf
JUNE
JULY
ÂUGU
SEPT
JUNE
JULY
AUGU
SEPT
JUNE
r,ULY
AUGU

SEPT
JUNE
JULY

l4
29
22
25

12
t3
IC
f8
I

r5
l¿l
t8
f9
20
25
17
r5
27
32
20

3
7

ll
l6
tl
t8
20
20
r3
17
22
23
tt
17
20
20

5
l8
t8
21
r6
20
23
t9
t3
20

5C
5C
5C
6C
6C
6C
6C
t2c
12C
t2C
r2c
56C
56C
56C
56C
74C
7ôC
74C
74C
rlc
rtc
lrc
I tc
33C
33C
33C
33C
16C
l6c
r6c
r6c
11C
17C
t7c
t7c
2P
2P
2P
2P
aal

32C

23
24
30
27
33
30
23
3l
ro
r5
27
24
l4
l7
24
25
lo
t9
26
24
36
32
32
34
12
to
27
1l
r3
l2
27
20
25
26
33
24
tt
ll ts

Or
L¡



OBS COUID CALF ID SEXCALF TRTCO9 TRTCALF GROUP SOURCE I{ONTI{ COYECP CALFBCP

¡13
4â
45
46
47
48
49
50
5r
32
53
54
55
Jb
57
58
59
60
6l
G2
63
64
65
66
67
68
€9
70
7t
72
73
74
75
76
77
7A
79
80
It
a2
83
84

32C
32C
72C
72C
72C
72C
29C
29C
29C
29C
35C
35C
35C
3sc
r8c
r8c
r8c
r8c
toc
roc
roc
roc
r9c
l9c
t9c
r9c
25C
25C
25C
25C
r4c
t4c
l4c
l4c
66C
66C
66C
66C
19S
19S
r9s
'r 9s

30u
30t
r5u
l5u
'r 5u
r5u
36U
36U
36U
36U
39U
39U
39U
39U
t2u
t2u
r2u
r2u
2su
25U
25U
25U
r9u
r9u
r9u
t9u
23V
23U
23U
23U
22U
22U
22U
22V
f8u
r8u
l8u
r8u
20u
20u
20u
20u

H
t{
H
H
H
1{

B
B
B

B
B
I
I
B
B
B
I
B
H
H
H
H
H
H
H
H
H
H
H
H
B
I
I
B
B
I
I
B
B
B

B
B

I
I
I
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
2
2
2
2
2
2
2
2
2
2
2
2
2
2

B
B
I
B
B
B
Á
A
A

A
Â
Â

A

A
A
A
A

A
A
A
A
A
Â
l
A

A
A
A

A
A
B
B
B
I
B
B
I
B
B
B
B

B

IB
l8
IB
fB
IB
t8
2A
2^
2^
2A
2^
2^
2^
2A
2^
2^
2^
2^
2^
2^
2^
2^
2^
2A
2^
2A
2^
2^
2^
2^
2g
2A
2B
28
28
28
28
2B
2A
2B
2B
28

BLOOO
sLooo
ELOOO
BLOOO
BLOOO
ELOOO
BLOOO
BLOOO
ELOOO
BLOOO
BLOOO
ELOOD
BLOOO
BLOOIJ
BLOOO
BLOOO
ELOOO
BLOOO
BLOOD
BLOOD
BLOOO
ELOOD
BLOOO
ELOOO
ELOOD
ELOOD
ELOOO
BLOOD
BLOOO
BLOOO
BLOOD
BLOOO
BLOOD
BLOOO
BLOOD
BLOOD
BLOOD
BLOOO
BLOOO
BLOOO
BLOOD
BLOOD

Âucu
SEPT
JUNE
JULY
AUGU
SEPT
dUNE
JULY
ÂUGU
SEPT
JUNE
JULY
AUGU
SEPÏ
JUNE
JULY
AUGU
SEPT
JUNE
JULY
ÂUGU
SEPT
JUNE
JULY
AUGU
SEPf
iJUNE
ìrULY
AUGU
SE PT
JUNE
JULY
AUGU
SEPT
JUNE
ÚULY
AUGU
SEPT
JUNE
\,ULY
ÂUGU
SEPI

30
24
t6
l4
23
23
l1
21
29
34
fo
20
25
27
12
t8
2l
22
I

f3
t9
21
t4
l7
25
t9
f5
l1
22
2l
35
34

21
28

5
l7
2l
27

3
la
2A
23
1a
t6
20
20
f3
r3
t8
21

4
t6
17
l7
t6
I

l6
t9

2
t6
l8
t9
to
la
20
28

2
t3
22
2l
t3
t6
t8
f9

32
34
I

t3
25
21
27
22
32
29

ts
ol\
o\



TCOY TNÍC¡LF GROUP

2A
28
28
28
2A
2B
28
28
28
28
2A
2B
3A
3A
3À
3A
3A
3A
3A
3^
3A
3A
3Â
3A
3A
3l
3l
3^
3A
3A
3A
3A
3Â
3A
3Â
3A
3A
3A
3A
3A
3B
3B

SOURCE

ELOOU
ELOOO
8LOO0
BLOOD
ELOOO
BLOOD
BLOOO
BLOOD

BLOOO
ELOOD
BLOOD
BLOOD
BLOOD
BLOOD
BLOOO
BLOOD
ELOOD
BLOOD
ELOOO
ELOOO
BLOOD
BLOOO
BLOOO
ELOOD
BLOOO
ELOOD
BLOOO
BLOOO
ELOOD
BLOOO
BLOOO
ELOOD
BLOOO
BLOOD
BLOOO
BLOOD
SLOOD
BLOOO
BLOOO
ELOOO
BLOOO
BLOOD

XONÍH

UTJNE
JULY
AUGU
SEPT
JUNE
JULY
AUGU
SEPI
JUNE
dULY
AUGU
SEPT
\,UNE
iJULY
AUGU
SEPT
ÚUNE
JULY
AUGU
SEPT
JUNE
JULY
 UGU
SEPT
!,UNE
üULY
AUGU
SEPf
\,UNE
rJULY
ÂUGU
SEPT
JUNE
JULY
AUGU
SEPT
JUNE
JULY
AUGU
SE PT
,JUNE
\,ULY

corScP C^LF8CP
OBS COUIO CÂLF IO SEXCALF ÏR

85
86
87
88
89
90
9t
92
93
94
95
96
97
98
99

roo
ror
r02
r03
ro4
ro5
r06
'r 07
r08
r09
1ro
tlt
I t2
r 13
t14
t 15
t16
I t7
rt8
l19
r20
121
t22
r23
12a
125
r26

6U!
60c
60c
60c
63C
63C
63C
63C
6R
6R
6R
6R
65C
65C
6sc
65C
2N
2N
2N
2N
¿toc
¡¡oc
40c
40c
64C
6¡lC
6¿¡C
64C
21C
2lc
2lc
2tc
93C
93C
93C
93C
67C
67C
67C
67C
13C
r3c

ttu
lru
tru
rru
27U
27U
27V
27U
3U
3U
3U
3U
2ru
21U
2ru
2ru
5U
5U

a
B
B
B
H
H
ll
H

H
H
H
H
B
B
B
B
B
B
B
I
B
B
I
B
I
B

B
B
H
H
H
H
H
H
H
H
H
H
H
H

I
B

2
2
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

¡t
B
B
B
B
B
B
B

B
B
B
B
À
Â
A
Â
A
A
A
A
A
A
A
Â
A
A

A
A
A
A

A
A
Â
A

A
A
A
A

A
Â
B
B

1a
t7
28
24

4
to
23
21
t3
21
3l
33

9

2A
25
I

t3
22
29
20
3l
36
39
t5
27
JO
29

9
17
26
t6
6

t6
20
23
12
f3
24
22
22
27

t¡
22
26
27

5
t5
l7
l7

4
l5
l7
20
17

t9
29
lo
t9
t9
27
lo
l5
l7
22

6
t3
22
25

9
t3
17
17
4

24
30
24

G

fo
l9
20

3
7

5U
5U
45U
45U
45U
45U
t4u
I ¿¡U

t4u
t4u
38U
38U
38U
38U
40u
40u
40u
40u
6U
6U
6U
6U
¿tU

4U
o\{



OBS COYIO CALF¡D SEXCÂLF TRTCOU fRlCÂLF GROUP SOURCE IIONÎH COYECP CALFBCP

127
124
129
r30
l3r
r32
r33
134
t35
136
137
r38
r39
t40
t4 t
142
t43
144
145
t46
147
t48

r3c
r3c
22C
22C
22C
22C
6S
6S
6S
6S
52C
52C
52C
52C
23C
23C
23C
23C
75C
75C
75C
75C

4U
4U
37U
37U
37U
37U
IU
IU
IU
IU
8U
8U
8U
8U

B
B
B
B
B

B

B
B
B
I
I
I
B

B
B
I
B
B
H
H
H
H

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

B
B
B
I
I
I
B
B
B
B
B
B

B

B
B
I
B
B
B
B
B
B

3B
38
38
3B
38
3B
3B
38
3B
3B
38
38
3B
3B
38
3B
38
3B
3B
3B
38
3B

BLOOD
ELOOO
BLOOD
ELOOO
BLOOD
8LOO0
BLOOO
BLOOO
ELOOO
BLOOD
BLOOD
BLOOO
BLOOO
BLOOO
ELOOO
ELOOO
BLOOO
BLOOO
BLOOO
ELOOO
BLOOO
BLOOO

AUGU
SEPT
JUNE
iJULY
ÂUGU
SE PT
üUNE
JULY
AUGU
SEPT
iJUNE
JULY
ÂUGU
SE PT
JUNE
\,ULY
ÂUGU
SE Pf
!'UNE
ìJULY
AUGU
SEPf

34
32
21
2A
25
29
23
22
29
36
12
29
27
26
l2
29
27
26
to
t5
30
f8

t3
r5
t

l3
t8
27

6
21
25
2C
r5
20
r8
20
r5
20
r8
20
I

t4
26
33

7U
7U
7U
7V
35U
35U
35U
35U

t--
o\
co

:.. :,.::. : t:. a,,!),ììtú1;iìdl



oBs colrlD CALF I D

24U

SE XCÀ LF TRTcoYTRTCALFGRoUPMAYcowBl.tMAYcAFBllsouRcEtloNTHcouBtloLcALFBlloL

I
2
3
I
5
6
7
I
9

ro
tt
t2
r3
l4
r5
16
17
l8
t9
20
21
22
23
24
25
26
27
2A
29
30
3l
32
33
34
35
36
37
38
39
40
4t
42
43
44
¿¡5

5C
5C
5C
5C
6C
6C
6C
6C
12C
12C
r2c
r2c
56C
56C
56C
56C
74C
74C
7AC
14C
trc
llc
rrc
ttc
33C
33C
33C
33C
r6c
r6C
r6c
r6c
t7c
l7c
17C
l7c
2P
2P
2P
2P
32C
32C
32C
32C
72C

24U
24V
24U
29U
29U
29U
29U
28U
2At)
28U
28U
r3u
r3u
r3u
r3u
34U
34U
34U
34U
2t)
2V
2U
2U
4ru
4 ru
4 f u
4lu
t7u
r7u
t7u
t7u
9U
9U
9U
9U
rou
rou
10u
rou
30u
30u
30u
30u
t5u

I
B
I
B
B
B
B
B
B
B
B
B
H
H
H
H
H
H
H
H
H
H
H
H
B
a
B
B
B
B
B
I
I
B
B

I
I
B
B
B
H
H
H
H
H

I
I
I
I
I
I
I
I
I
I
I
I
f
I
I
I
I
t
I
I
I
I
I
I
t
I
t
I
I
I
t
I
I
I
t
I
I
I
f
I
I
I
I
I
I

A
A
A

A
Â
Â
A

A
A
A
A

Â
A

A
A
Â

A
A
A
A

A
A
A
Â

I
B
B

I
B
B
B
B
B
B
B
B
B
I
B
B
B
B
B
B
B

IA
lÂ
IA
tA
IA
IA
IA
tA
IA
IA
IA
tA
IA
IA
tA
IA
IA
tÂ
lÂ
IA
lÀ
IA
IA
tA
t8
IB
IB
IB
IB
'tB
tB
IB
IB
IB
IB
IB
IB
IB
IB
1B
IB
18
IB
IB
IB

o.30
o. 30
o. 30
o. 30
o.56
o. 56
o. 56
o.56
o.32
o.32
o. 32
o. 32
o.72
o.72
o.72
o.72
o.24
o.24
o.24
o.24
o.4 t
o.4l
o.4l
o.4 l
o.42
o.42
o .12
o.42
o.56
o.56
o. 56
o. s6
o.68
o. 68
o.68
o.68
o. 49
o.49
o.49
o.49
o -27
o.27
o.27
o.27
o.20

o.l7
o.l7
o.17
o.l7
o. 15
o. 15
o.15
o.15
o.26
o. 26
o. 26
o.26
o.l7
o.l7
o. l7
o.l7
o. 19
o.19
o.19
o.l9
o.2 r
o.2'l
o.2l
o.2t
O. 14
O.ltl
o. t4
o.l4
o. 33
o. 33
o.33
o.33
o.93
o.93
o.93
o.93
o.lo
o. to
o.lo
o.lo
o. 02
o. 02
o. 02
o. 02
o. 04

BLOOO
ELOOO
BLOOO
BLOOO
ELOOD
BLOOO
BLOOO
BLOOD
BLOOO
BLOOO
BLOOD
BLOOO
BLOOD
BLOOO
BLOOD
BLOOD
BLOOD
BLOOD
BLOOD
BLOOO
BLOOD
BLOOO
BLOOD
BLOOD
8L000
ELOOO
BLOOO
BLOOO
ELOOO
BLOOO
BLOOD
BLOOO
BLOOD
BLOOO
BLOOD
BLOOO
BLOOD
BLOOO
BLOOD
BLOOD
BLOOO
BLOOD
BLOOD
BLOOO
BLOOO

JUNE
\,ULY
AUGU
SEPT
rruNE
JULY
AUGU
SEPT
JUNE
JULY
AUGU
SEPT
JUNE
JULY
ÂUGU
SEPT
JUNE
dULY
ÂUGU
SEPT
irUNE
JULY
ÀUGU
SEPT
JUNE
JULY
AUGU
SEPl
dUNE
TJULY
AUGU
SEPf
'JUNE
JULY
AUGU
SEPT
dUNE
JULY
AUGU
SEPT
JUNE
JULY
ÂUGU
SEPf
JUNE

28
93
tt2
27
37
73
67
37
77
83
2l
t2
69
44
21
26
35
3l
27
t6
26
46
88
3t
27
a6
I
I

30
40
t8
I

2l
27
29

2
25
¡Û6

75
17
9

38
29

I
t5

r8
53
!5
29

7
32

2
I
7

40
2â

â
t2
85

6
t
G

¿¡8

t3
lo
I

46
23
t8
1

5l
20
27
I

78
6
6
6

2l
21

6
6

55
l4
a
7

21
21
7t-ros



SEXCÂLF TRÎCOW TRÎCALF GROUP trAYC0vBtl

o.20
o.20
o. 20
o.7 4
o.74
O.7 4
o.74
o.43
o.43
o.43
o.43
o.33
o. 33
o.33
o.33
o.11
o .41
o.44
o.4a
o. 53

uÂYCÂF8ll SOURCE

Bfùõ'cr
BLOOO
BLOOD
BLOOO
BLOOD
BLOOD
BLOOO
BLOOO
BLOOO
BLOOD
BLOOO
BLOOO
BLOOD
BLOOO
BLOOD
BLOOO
BLOOO
BLOOO
BLOOO
BLOOO
BLOOO
ELOOD
ELOOD
BLOOO
BLOOO
ELOOD
ELOOO
BLOOO
BLOOO
BLOOD
BLOOD
BLOOO
BLOOD
BLOOD
BLOOO
BLOOO
BLOOD
BLOOO
BLOOO
ELOOO
BLOOO
BLOOO
BLOOO
BLOOO
8LOO0
BLOOD

IIONÌH

JULY
AUGU
SEPf
JUNE
r,ULY
AUGU
SEPT
JUNE
¡JULY
AUGU
SÉPT
iJUNE
\rULY
AUGU
S€PT
JUNE
dULY
AUGt
SEPT
¡JUNE
rruLY
AUGU
SEPl
r,UNE
iJULY
AUGU
SEPl
JUNE
TJULY
AUGU
SEPT
JUNE
\,ULY
AUGU
SEPf
t UNE
JULY
AUGU
SEPT
irUNE
JULY
AUGU
SEPT
JUNE
JULY
ÂUGU

COUBTOL

41
26
I

62
46
39
36
25
69
33
3¡¡
33
36
28
2A
53
30
2C

6
€3
37
30
28
31
40

CALFBT'L
al

5
4

t2
73
t8

7
7
t
2
3

tl
6
t
I

to
97
t6
t
I

99
3
9
7

3l
l4
I

21
t3
t8

I
t¿l
86

3
5

l6
38

5
t
5

g2
l7
a
5

8a
7

oBS

46
17
48
49
50
5l
52
53
5¡¡
55
56
57
58
59
60
6l
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
8l
82
83
84
85
86
87
88
89
90
9l

covIO
12C
72C
72C
29C
29C
29C
29C
35C
35C
35C
35C
l8c
t8c
t8c
l8c
toc
toc
roc
toc
r9C
l9c
r9C
t9c
25C
2sc
2sc
25C
t4c
f4c
t4c
t4c
66C
66C
66C
66C
l9S
l9s
r9S
r9S
60c
60c
€oc
60c
63C
63C
63C

CALF TO

r5u
r5U
t5U
36U
36U
36U
36U
39U
39u
39U
39u
r2U
r2U
l2U
t2v
25V
25U
25U
25U
t9U
t9u
r9u
t9u
23U
23U
23U
23U
22U
22U
22V
22n
t8U
r8U
t8u
t8u
20u
20u
20u
20u
Iru
rtu
rtu
tlu
21U
27U
27U

t6
IB
IB
2^
2^
2^
2A
2^
2^
2^
2^
2^
2^
2^
2^
2A
2A
2^
2^
2^
2A
2^
2^
2^
2^
2^
2^
28
2A
28
2A
2A
28
28
28

o. 04
o. o4
O.O¿l
o.l2
o.l2
o.l2
o.l2
o.tt
o.tl
o.ll
o.l I
o. 16
o.l6
o.16
o. r6
o.tt
o.tt
o.tt
o.tt
o.25
o.25
o.25
o.25
o.'16
o.16
o.l6
o. t6
o. 23
o. 23
o.23
o.23
o.20
o.20
o.20
o.20
o.l9
o. t9
o. r9
o. l9
o.20
o.20
0.20
o. 20
o.20
o.20
o. 20

H
H
H
I
B
B
B
B
B
B

B
I
I
B
B
H
t{
H
H
H
H
H
H
H
H
H
H
B
B
I
B
B
I
B
I
B
B
B
B
B

I
I
B
H
H
H

I
I
t
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
2
2
2

2
2
2
2
2
2

I
B
B
A
Â
A
A
Â

A

A

A
À

A
A
A
l
l
l
Â

A

^
Â
A
A
A
A

B
B
B
B
B
B
B
B
B
B

B
I
I
B
I
B
B
B

I

2A
28
28
2B
28
2A
28
28
28
2B

o.53
o.53
o.53
o.62
o.62
o.62
o.62
o.42
o.42
o.42
o.42
o. 54
o. 54
o.54
o.54
o. 37
o.37
o.37
o.37
o.65
o.65
o.65
o.65
o.46
o. ó6
o.46

35

28

32
r3
29
t7
r8
25
36
26
t5
29
¿5
21
t8
37
38
36
37
21
51
46

ts
\,!o



oBs
92
93
94
95
96
97
98
99

roo
tor
t02
r03
lo¿l
r05
t06
t07
ro8
r09
rro
ttr
tl2
r t3
I t4
rt5
t16
117
t18
rt9
r20
t21
122
123
124
125
r26
127
r28
r29
t30
r3t
132
.l33
r34
r35

coyto
63C
6R

cÀLF I O

27V
3U
3U
3U
3U
2ru
21U
2tu
2lu
5U
5U
5U
5U
45U
rtSU
45U
¿t5U

t4u
t4u
I ¡0U

l¡lU
38U
38U
38U
38U
40u
¿ou
40u
40u
6U
6U
6U
6U
4U
4U
4U
4U
37U
37U
37U
37U
IU
IU
IU

SEXCÂLF TRTCOIÍ TRTCALF GRO

2A
2A
2B
2g
2A
3A
3A
3A
3A
3Â
3A
3A
3A
3Â
3A
3A
3A
3A
3A
3A
3Â
3Â
3A
3A
3Â
3Â
3A
3Â
3Â
3A
3A
3A
3A
3B
38
3B
38
3B
3B
38
3B
3B
3B
3B

UP I,lAYCOTBIl

o.46
frr r;t¡er souRcE

BIOoo
BLOOO
BLOOO
BLOOO
ELOOO
BLOOO
BLOOD
BLOOO
ELOOD
BLOOO
BLOOO
8LO00
BLOOO
BLOOO
BLOOD
ELOOD
ELOOO
BLOOD
BLOOO

BLOOO
BLOOO
BLOOD
ELOOO
BLOOO
BLOOO
BLOOO
BLOOO
gLooo
BLOOO
BLOOD
BLOOO
8LOùO
BLOOO
BLOOO
BLOOO
BLOOO
BLOOO
BLOOD
BLOOO
BLOOD
81000
BLOOO
BLOOD
BLOOO

TIONTH

SEtrI
JUNE
JULY
AUGU
SEPT
dUNE
ÚULY
AUGU
SEPT
JUNE
JULY
AUGU
SEPT
úUNE
JULY
AUGU
SEPT
rrt NE
dULY
AUGU
SEPI
JUNE
UULY
AUGU
SEPT
ÚUNE
dULY
AUGU
SEPT
ÚUNE
rruLY
AUGU
SEPT
JUNE
JULY
AUGU
SE Pf
JUNE
JULY
AUGU

SEPT
ÚUNE
JUL Y

ÂUGU

COTEHOL

fi
37
39
28

6
s4

CALFBXOL

6R

H
H
H
H
H
B
B
B
I
B
B
I
B
B
B
I
B
B
B

B
B
l{
H
H
H
H
H
H
H
H
H
H
H
B
I
B
B
B
B
I
B
B
B
a

2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3

3
3
1
a

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

3
I
B
B
I
l
A
l
A
A
Â

A

Â
A

A
A
A
Â

A
A
Â
A
A
Â
A
A

A

A
A
A

A
A

I
B
B
B
B
I
B
B
B
B
B

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

.56

.56

.56

.56

.51

.51

.51

.51

.2G

.26

.26

.26

.23

.23

.23

.23

.44

.44
.4Â
.44
.22
.22
.22
.22
.54
.54
.54
.54

o.20
o.29
o. 29
o. 29
o. 29
O, ¡lO
o.40
o.40
O, ¡lO
o. 06
o. 06
o.06
o. 06
o. 07
o. 07
o. 07
o. 07
o.o8
o. o8
o. o8
o.o8
o.or
o.ol
o.ol
o.or
o. 07
o. 07
o. 07
o. 07
o.28
o.28
o.28
o. 28
o. 28
o. 28
o. 28
o. 28
o.o2
o. 02
o. 02
o. 02
o. 03
o. 03
o. 03

5
l2
56
20
r9
9

GR
6R
65C
65C
65C
65C
2N
2N
2N
2N
40c
40c
40c
40c
64C
G¿IC

64C
64C
2tc
2lc
2rc
21C
93C
93C
93C
93C
67C
67C
67C
67C
r3c
r3c
r3c
r3c
22C
22C
22C
22C
6S
6S
6S

32

20
40
25
a2
¡ll
36
r3
36
39
33
29
33
l8
5

56
¡¡5
3l
r8
27
30
27
l7
37
29
t6
t3
37
80
30
32
3l
¡lO
40
33
26
77
67

6
¡¡

5
I

21
r3
6

a7
lo

7
t

38
r3

7
7

64
ll
6
I

al
r9
t8
t3
9t
r5
I

t3
97
22
23

5
23
29
17
t3
59
22

32
32
32
55
55
55
55
39
39
39
39
47
47
47

tJ\¡



oBs covlD CÂLF lD SEXCALF rRrCOtl IRTCÂLF GROUP HAYCOTTBH I|AYCAFBM souRcE ¡toNtH COUBI|OL CILFBToL
t36
r37
r38
t39
140
141
142
143
144
t45
r46
147
t48

6S
52C
52C
52C
52C
23C
23C
23C
23C
75C
75C
75C
75C

IU
8U
8U
8U
8U
7U
7U
7U
7U
3su
35U
35U
35U

I
I
I
B
I
I
I
B
B
l-l
H
H
H

3
3
3
3
3
3
3
3
3
3
3
3
3

I
B
I
B
B
B

B
B
B

I
I
B
I

3B
3B
3B
3B
3B
3B
3B
3B
3B
38
38
3B
38

o. 4?
o.60
o.60
o.60
o.60
o. 78
o. 78
o.78
o. 78
o.48
o. 48
o.48
o. 48

o
o
o
o
o
o
o
o
o
o
o
o
o

o3
12
t2
l2
12
27
27

BLOOD
BLOOO
ELOOD
ELOOO
BLOOO
BLOOO
BLOOD
ELOOO
ELOOD
ELOOD
BLOOD
ELOOD
ELOOO

SEPI
JUNE
dULY
AUGU
SEPT
dUNE
dULY
ÂUGU
SEPT
JUNE
\,ULY
ÂUGU
SEP T

31
¿13

37
29
25
46
¡tl
34
30
39
39
t6
7

t6
3

71
28
r6
9

95
11
r3
6

56
t8
r5

27
27
24
21
24
24

ts\¡
N)



O8S COWID CALF IO SEXCALF TRICOW TRTCÂLF GROUP MÂYCOUBF iIAYCAFBF SOURCE IIONÎH COUBFE CALFBFE

t
2
3
I
5
6
7
I
9

10
ll
l2
f3
l¡¡
t5
t6
l7
18
l9
20
21
22
23
24
25
26
27
2A
29
30
3l
32
33
34
35
36
37
38
39
4O
4t
12
43

5C
5C
5C
5C
6C
6C
6C
6C
r2c
r2c
r2c
12C
56C
56C
56C
56C
74C
74C
74C
74C
rrc
ftc
ltc
rrc
33C
33C
33C
33C
r6c
l6c
r6c
r6c
r7c
l7c
t7c
r7c
2P
2P
2P
2P
32C
32C
32C

24U
24U
24V
21U
29U
29U
29U
29U
28U
28U
28U
28U
r3u
r3u
r3u
r3u
34U
34U
34U
34U
2U
2V
2U
2V
4ru
4tu
4ru
4tu
t7u
f7u
t7u
r7u
9U
9U
9U
9U
rou
rou
rou
lou
30u
30u
30u

B
a
B
B
B
B
B
B
B
B
I
B
H
H
H
H
H
H
H
H
H
H
H
H
B
I
I
B
B
B
B
B
I
B

I
I
B
I
B
B
H
H
H

A
A
A
A
A
Â
Â
A
Â
A
Ä

A
A
A

Â̂
A
A

A

Â
Â
A
A
A

B
B
B
B
B
B
I
a
B
B
B
B
I
I
I
I
B
B
I

IA
IA
IA
lÂ
IA
lÂ
IA
IA
tÂ
IA
lÂ
IA
IA
IA
fA
IA
IA
1A
IA
IA
IA
IA
1A
IA
1B
IB
IB
r8
IB
IB
IB
IB
IB
IB
l8
IB
IB
IB
fB
t8
t8
tB
IB

I
I
t
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
I
I
I
I
2
2
2
2
2
2
2

89
89
89
89
76
76
76
76
95
95
95
95
o8
o8
o8
OB
t6
t6
f6
t6
1l
lt
tt
lt
27
27
27
27
77
77
77
77
57
57
57
57
r3
r3
r3
13
21
2l
2l

2.21
2.21
2.2t
2.21
2.9r
2.9r
2 .91
2.9t
3.28
3.28
3. 28
3, 28
2.61
2 .61
2.Gl
2.G1
2.03
2.03
2.03
2.03
2. t9
2. r9
2. 19
2. l9
2.27
2.27
2.27
2.27
2. lG
2. t6
2. 16
2.16
I .23
I .23
1.23
r .23
1.73
I .75
t.75
I .75
2.03
2.03
2.03

BLOOD
ELOOO
BLOOO
ELOOO
BLOOD
BLOOO
BLOOO
BLOOO
BLOOO
BLOOD
BLOOO
BLOOO
8LOO0
BLOOO
8LO00
BLOOO
BLOOD
BLOOO
ELOOD
BLOOD
BLOOD
BLOOO
BLOOO
BLOOO
BLOOO
BLOOO
BLOOO
BLOOD
sLooo
BLOOO
ELOOO
BLOOD
aLooo
BLOOD
BLOOO
ELOOO
BLOOO
ELOOO
BLOOO
ELOOO
BLOOO
BLOOD
BLOOD

JUNE
dULY
AUGU
SEPT
JUNE
iJULY
AUGU
SEPT
TJUNE

JULY
ÂUGU
SEPT
üUNE
JULY
AUGU
SE PT
JUNE
JULY
AUGU
SEPf
JUNE
JULY
ÂUGU
SEPT
JUNE
dULY
AUGU
SEPT
JUNE
JUL Y

AUGU
SEPT
t,UNE
JULY
AUGU
sEpl
JUNE
UULY
AUGU
SE PT
JUNE
JULY
AUGU

212
2t7
135
r50
242
r50
90

r83
266
300

90
r80
239
t50
90

r33
389
34t
r05
300
¿tol
400
ó35
333
27 I
2to
90

t83
209
f87

269
200

75
r33
299
333
r65
200
209
267
270
217
357
392
225,
r67
271
292
r65
233
212
392
r80
233
t92
r75
r65
roo
279
241
90

r67
t5r
258
r95
r83
296
258
r35
roo
356
308

90

r67
177
r33
90

t50
22t
275
r65
233
3r9
285
120

ts
!(,



OBS COYTD CALF IO SEXCALF TRICOU TRÍCÂLF OROUP XAYCOYEF TIAYCAFBF SOUPCE TONTI{ COYBFE

32C
72C
72C
72C
72C
29C
29C
29C
29C
35C
35C
35C
35C
r8c
r8c
r8c
r8c
roc
roc
roc
roc
r9c
t9c
r9c
f9c
25C
25C
25C
25C
14C
l4c
t4c
t4c
66C
66C
66C
66C
t9s
r9s
r9s
t9s
60c
60c
60c

30u
r5u
t5u
r5u
r5u
36U
36U
36U
36U
39U
39U
39tl
39U
t2u
t2u
r2u
t2u
25U
25U
25U
25U
r9u
t9u
r9u
t9u
23U
23U
23U
23U
22U
22V
22V
22U
r8u
t8u
r8u
r8u
20u
20u
20u
20u
Itu
rru
ttu

2.21
2.08
2.08
2.08
2.08
2.29
2.29
2.29
2.29
I .63
I .63
L63
f .63
r .55
r .55
r .55
r .55
2 .43
2.43
2,43
2.43
2.40
2.10
2 .40
2.10
2. 19
2. 19
2. 19
2. 19
2.05
2.05
2.05
2.Os
2 .56
2 .56
2 .56
2.56
1 .87
r .87
I .87
r .87
t .97
I .97
I .97

2.03
1 .95
I .95
t .95
I .95
3. 17
3. t7
3. 17
3. 17
1.47
1 .17
| .17
I .47
t .36
I .36
I .36
I .36
t .55
r .55
r .55
r .55
2.1t
2.ll
2.ll
2.ll
2 .21
2.21
2.21
2.21
2.21
2.21
2.21
2.21
I .89
t .89
f .89
I .89
1 .12
l.t2
1.12
I .12
2. r3
2. 13
2.13

BLOOO
BLOOO
BLOOD
BLOOO
ELOOO
BLOOO
BLOOD
ELOOD
BLOOD
BLOOO
BLOOD
BLOOO
BLOÓõ
BLOOD
BLOOO
BLOOO
BLOOO
BLOOD
BLOOO
ELOOD
BLOOD
BLOOD
BLOOO
BLOOO
BLOOD
BLOOO
BLOOD
BLOOO
BLOOO
BLOOO
BLOOD
BLOOO
BLOOO
ELOOO
BLOOD
BLOOD
ELOOO
BLOOD
BLOOD
ELOOO
BLOOO
ELOOO
BLOOD
ELOOD

5EPÌ
dUNE
¡JULY
AUGU
SEPT
ÚUNE
dULY
AUGU
SEPT
ÚUNE
JULY
AUGU
sepr
JUNE
JULY
AUGU
SEPI
JUNE
JULY
ÂuGu
SEPI
rrUNE
JULY
ÂuGu
SEPT
dUNE
dULY
AUGU
SEPT
JUNE
JULY
AUGU
SEPT
dUNE
dULY
AUGU
SEPT
JUNE
dULY
AUGU
SE PT
JUNE
JULY
AUGU

250
23¿l
205

90
2so
2r6
t75
r65
Ir7
3O¡l
250
t50
350
186
t33
2.O
t67
234
308

60
167
242
r60
75

183
326
292
225
r50
r52
r92
t95
ll7
177
192
t05
t50
271
t23
¡t5

300
30€
208
r80

C^LFIF€

267
326
320
300
217
329
233
155
r33
262
3ro
2.O
233
211
20t

75
183
199
243
210
233
122
292
t20
117
239
2o,4
l05
200
t99
225
240
t50
t67
225
275
217
229
212
t50
217
206
300
ros

14
¡15
46
17
48
49
50
5r
52
53
54
55
56
57
58
59
60
6r

H
H
H
H
H
I
B
I
B
B
B
B
B
B
B
I
I
H
H
H
H
H
H
H
H
H
H
H
H
B
I
B
B
B
B
B
I
B
B

B
B
B
B
I

62

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
2
2
2
2
2

B
B
B
B
B
A
À
A
A
A
A
Â

A
A
A

A
À
A

A

Â
A
A
A
A
A
A
Â
A
B
B
I
B
I
B
B
B
B
B
B
B
B
B
I

IB
tB
tB
.rB

IB
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^
2A
2^
2^
2^
2^
2^
2^
2^
2^
28
2B
28
2A
2A
2A
2B
28
2A
28
2A
2B
2A
28
28

63
64
65
66
67
68
69
70
7l
72
73
74
75
76
77
78
79
80
8t
a2
83
84
85
86
a7

lJ{
.Ê.



OBS COY¡D CALFTD SEXCALF TRTCOI' TNTCALF GROUP IIAYCObIBF

60c
63C
63C
63C
G3C
6R
6R
6R
6R
65C
65C
65C
6sc
2N
2N
2N
2N
40c
40c
40c
40c
64C
6¿lC

64C
64C
2tc
21C
2rc
21C
93C
93C
93C
93C
6?C
67C
67C
67C
f3c
f3c
r3c
13C
22C
22C

Iru
27U
27U
27V
21V
3U
3U
3U
3U
2fu
2ru
2ru
2tu
5U
5U
5U
5U
45U
45U
45U
45U
r4U
t4u
l4u
14U
38U
38U
38U
38U
40u
40u
40u
40u
6U
6U
6U
6U
4U
4U
4U
4U
37U
37U

r .97
I .79
l.?9
r .79
r .79
2.ll
2.11
2.11
2.ll
2.27
2.27
2.27
2.27
r .39
r .39
I .39
t .39
2.21
2.21
2.21
2.2r
r .65
r .65
'I .65
r .65
r .89
r .89
L89
I .89
2. OO
2.OO
2.OO
2.OO
2.32
2.32
2.32
2.32
2.OO
2.OO
2.OO
2.OO
2.05
2.05

IIAYCAFBF

2. 13
r .55
r .55
I .55
I .55
2.99
2 .99
2.95
2 .99
r .41
I .41
t.4l
I .41
3.77
3.77
3.77
3.77
t.¡lt
l.¿ll
l.¿ll
I .4.|
I .28
I .29
t .2b
L28
2.21
2.24
2.21
2.21
2.42
2.82
2.42
2.82
2.45
2.45
2.45
2.45
3. t2
3.12
3.12
3.12
I .33
I .33

BLOOO
BLOOO
BLOOO
BLOOO
BLOOO
BLOOO
BLOOO
ELOOO
ELOOO
BLOOD
BLOOD
BLOOO
BLOOO
ELOOD
BLOOD
BLOOD
ELOOD
BLOOO
BLOOO
BLOOO
BLOOD
BLOOD
BLOOD
ELOOO
BLOOD
BLOOD
ELOOD
BLOOD
BLOOO
BLOOD
BLOOD
ELOOO
BLOOD
BLOOD
BLOOD
BLOOO
BLOOO
BLOOO
ELOOO
8L000
BLOOD
BLOOD
BLOOD

s€P1
JUNE
JULY
ÂUGU
SEPT
JUNE
iJULY
ÂUGU
SEPT
JUNE
i,ULY
AUGU
SEPT
JUNE

'JULY
AUGU
SEPT
JUNE
\,ULY
AUGU
SEPT
JUNE
JULY
AUGU
SEPT
\,UNE
\,ULY
AUGU
SEPT
JUNE
JULY
AUGU
SEPT
dUNE
JULY
AUGU
SEPT
JUNE
JULY
AUGU
SEPT
JUNE
JULY

CÂLFBFE

33
237
312
fes
300
3tl
283
225
133
167

90
283
33t
383
r80
rg3
33¡l
337
3¡{5
t67
t8¿l
224
2ro

83
322
234
r05
t33
302
292
235
217
226
233
270
f83
174
200
255
,r 50
280
22s

souRcE lloNlH COyEFE

r33
291
25lE

90
r83
336
258
t65
I 17
3t2

230
r50
r87
t67
60

too
244
171
210
200
209
t25
r65
roo
26 I
179
r5()
r83
254
1t7
r35
l6?
339
2o.4
r05
r50
257
233
t45
250
217
r17

88
89
90
9t
92
93
94
95
96
97
98
99

roo
rol
t02
r03
ro4
r05
r06
r07
'r08
r09
rro
trt
1f 2
f 13
f t4
r r5
r16
I t7
I 18
r19
,t20
121
t22
123
124
f25
126
127
r28
r29
f30

tr
H
H
H
H
H
H
H
H
B
B
I
B
B
B
B
I
B
B

B
B
I
B

Ë
B
H
H
H
H
H
H
H
H
H
H
H
H
B

I
B
B
B
I

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
3
3

B
B
I
B
B
B
B
B
B
A
A

A
A
A
A
A
Â
A
A
A
A
Â
A

Â
Â
A
A
l
Â
Â

A
A
A
A

A

A
A
I
I
B
B
B
B

2B
28
2B
2A
2B
28
29
28
28
3Â
3Â
3Â
3A
3A
3Â
3A
3A
3Â
3A
3A
3A
3^
3Â
3A
3A
3Â
3A
3A
3A
3Â
3Â
3A
3A
3A
3Â
3A
3À
3B
38
3B
3B
3B
3B

F{
lJl



oBs covlo caLF IO s€xcaLF lRTcOtd IRTCALF GROUP ilÂYCOvBF HÂYCaFBF SouRcE ltoNfH corBFE CILFSFE

r3l
r32
r33
134
135
r36
f37
f38
t39
140
l4t
142
143
144
t45
r46
147
t48

22C
22C
6S
6S
6S
6S
52C
52C
52C
52C
23C
23C
23C
23C
75C
75C
75C
75C

37U
37U
tU
TU
IU
TU

8U
8U
8U
8U
7U
7V
7U
7U
3su
35U
35U
35U

ELOOO
BLOOO
BLOOO
BLOOD
BLOOO
BLOOD
ELOOO
BLOOO
BLOOO
BLOOD
BLOOO
BLOOO
BLOOO
BLOOD
BLOOD
ELOOO
BLOOD
BLOOD

AUGU
SEPT
JUNE
dULY
AUGU
SEPT
ì,UNE
rJULY
AUGU
SEPf
ÚUNE
JULY
AUGU
SEPT
dUNE
JULY
AUGU
SEPf

tt5
ll7
r97
292
r65
117
211
112
r65
r50
241
t7s
75
83

t84
t25
tto
rso

2.O
r50
28.
212
r80
250
35r
258
90

217
28C
142
90

roo
211
223
225
217

.o5

.05

.12

.12

.12

.12

.88

.88

.88

.88

.40

.40

.40

.40

.29

.29

.29

.29

33
33
84
8¿¡
84
8Â
44
44
44
44
57
57
57
57
57
57
57
57

I
I
2
2
2
2
I
I
I
I
t
t
I
I
3
3
3
3

2
2
3
3
3
3
2
2
2
2
2
2
2
2
2
2
2
2

3B
3B
38
3B
3B
3B
3B
3B
3B
3B
3B
3B
3B
3B
3B
38
3B
3B

B
B
I
I
B
B
B
B
B
B
B
I
B
B
B
I
I
B

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

B
B
I
I
B
I
B
I
B
B
B
I
B
I
H
H
H
H

F\¡
o\



OBS COYID CALF IO SEXCALF TRTCOU TRTCALF GROUP I¡|ÂYCOUBZ iIAYCÂFBZ SOURCE IIONTH COYAZN C^LFBZN

I
2
3
4
5
6
7
I
9

ro
tt
't2
r3
l¡l
r5
t6
17
r8
t9
20
2l
22
23
24
25
2G
27
2A
29
30
3l
32
33
34
35

5C 24V
24V
24U
24V
29U
29U
29u
29U
28U
28U
28U
28U
r3u
t3u
t3u
r3u
34U
34U
34U
34U
2V
2V
2V
2V
41U
4fu
4ru
4tu
t7u
t7u
17V
r7u
9U
9U
9U
9U
rou
rou
10u
tou
30u
30u
30u
30u
l5u

B
B
I
B
B
B
B
B
I
B
B
B
H
H
H
H
H
H
H
H
H
H
H
H
B
B
I
B
B
B
B

I
a
I
B
B
B
I
B
B
H
H
H
H
H

Ä
A
Â
Â
A
Â
A
A

B
B
B
B
A

^
Â

A
A
À

A

Â
A
A
A

B
B
B
B
B
B
B
B
B
I
I
I
B
B
B
I
B
B
I
B

I

IA
tA
IA
IA
lÂ
'tA
1À
tA

'BIB
18
r8
tA
1Â
IA
tÂ
IA
lÂ
1A
IA
tA
lÂ
tA
tÂ
t8
1B
IB
tB
tB
IB
l8
l8
IB
tB
t8
IB
tB
t8
tB
IB
.tB

IB
,IB

IB
IB

t .35
I .35
r .35
t .35
t .83
t .83
r .83
I .83
o.96
o. 96
o.96
o.96
o. 97
o.9?
o.97
o.97
2 .80
2 .80
2.AO
2 .80
t .64
I .64
I .64
t .64
r .40
r .40
f .40
I .40
r .90
r .90
I .90
r .90
t.oo
r.oo
r.oo
f.oo
2 .33
2.33
2 .33
2.33
t .40
r .40
I .40
I .40
| .42

t.3t
I .31
t .3l
I .31
I .36
I .36
L36
I .36
t .37
L37
1.37
L37
1.17
t. t7
t.17
t.l7
I.t2
't. r2
I .12
I .12
I .37
1 .37
I .37
I .37
r.o8
r.o8
t.o8
r.o8
l .5l
I .51
t.5l
l.5t
o.95
o.95
o.95
o.95
t .86
t .86
I .86
I .86
l.€3
L63
I .63
I .63
2.76

BLOOD
ELOOD
BLOOO
BLOOD
BLOOD
BLOOO
BLOOD
BLOOD
BLOOO
BLOOO
BLOOO
BLOOD
8LO00
BLOOD
BLOOO
BLOOO
ELOOD
BLOOO
BLOOO
ELOOO
BLOOD
BLOOO
BLOOD
BLOOD
BLOOO
BLOOD
BLOOD
8LO00
BLOOO
BLOOO
BLOOO
BLOOO
BLOOO
BLOOD
ELOOO
BLOOD
BLOOO
ELOOD
BLOOD
ELOOO
BLOOD
BLOOD
BLOOD
BLOOD
BLOOD

JUNE
JULY
ÂUGU
SEPT
JUNE
JULY
ÂUGU
SEPT
JUNE
\rULY
AUGU
SE PT
JUNE
JULY
ÀUGU
SEPT
JUNE
dULY
AUGU
SEPT
rruNE
JULY
AUGU
SEPl
JUNE
JULY
AUGU
SEPT
ÚUNE
iJULY
AUGU
SEPT
dUNE
JULY
lucu
SE PT
JUNE
\,ULY
rUGU
SEPT
JUNE
JULY
AUGU
SE Pf
JUNE

t09
r58
227
5t

147
228
t23
72

t39
232
r85
70

122
a7
72
70

t ¡Û¡l

ltl
71

t95
tll
r99
r80
48
88

tt4
t86
77

lO¡t
r50

r2t
l29
89

192
165
t13
I ¿¡8

r33
r02
9t

f35
68

r40
l02
tó6
127
i09
96

It4
ll2
98

t06
t13
147
r76
r05
t38
70

r07
223
120
87

l9t
rr5
98
TE
G2

r39
rB5
r 13
r82
t6l
r59
r13
r09

36

5C
5C
5C
6C
6C
6C
6C
r2c
12C
r2c
12C
56C
s6c
56C
56C
74C
74C
74C
74C
trc
1tc
Itc
l'tc
33C
33C
33C
33C
r6c
16C
r6c
r6c
t7c
l7c
t7c
r7c
2P
2P
2P
2P
32C
32C
32C
32C
72C

t2r
r3r
ItG

9C'
92

tl5
r3a
69
60
88

tt6
r86
77

t2G

37
38
39
¡tO
4'l
42
43
44
¿t5

lr\¡
!



oBs
46
17
48
49
50
5r
52
53
54
55
56
57
58
59
60
6l
62
63
64
65
G6
67
€8
69
70
71
72
13
7A
75
76
77
78
79
80
8l
a2
83
84
85
86
8?
88
89
90
9t

XCAL

H
H
H
I
I
I
B
B
B
B
B
B
B
B
B
H
H
H
H
H
H
H
H
H
H
H
H
B
I
B
B
B
I
B
B
I
I
B
I
B
B
I
B
H
H
H

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
2
2
2
2
2
2
2
2
2

6
B
I
Â
l
A
A

Â
l
l
A

Â
A
A

A
A

A
A

A

A
A
Â
A
A
Â
l
I
I
I
B
B
B
B
B
B

B
B
B
B
B
B
B
B
B

B

IB
t8
t8
2^
2^
2^
2^
2A
2^
2^
2^
2^
2^
2A
2^
2^
?^
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^
28
28
28
2A
2B
28
28
2g
2A
28
2A
2B
2B
2A
2A
28
28
28
28

.65

.65

.65

.65

.r3

.13

.t3

. t3

COUTO

72C
72C
72C
29C
29C
29C
29C
35C
35C
35C
35c
r8C
r8c
r8c
t8c
loc
10c
toc
roc
t9c
t9c
r9c
t9c
25C
25C
25C
25C
t4c
t4c
t4c
r4C
66C
66C
66C
66C
t9s
t9s
l9s
l9s
60c
60c
60c
60c
63C
63C
63C

cÂLF I O

'l5u
r5u
r5u
36U
36U
36U
36U
39U
39U
39U
J9U
r2u
r2u
12U
l2u
2su
25U
25U
25U
r9u
t9u
t9u
t9u
23U
23U
23U
23U
22u
22U
22U
22V
l8u
l8u
t8u
t8u
20u
20u. 20u
20u
tru
tlu
tru
tlu
27U
27 t)
21U

IIAYCOUBZ
1 .42
| .42
L42
I .81
I .81
f .81
t.8t
2.Gl
2.Gl
2 .61
2 .61
r .38
I .38
r .38
f .38
I .98
t .98
I .98
I .98
r. t7
1.17
l.l7
l. t7
t .34
I .34
I,34
r .34
I .40
I .40
I .40
L¡lO
1.25
I .25
I .25
I .25
o.l8
o. r8
o.18
o.l8
2. l8
2.18
2.'18
2. 18
f .36
I .36
r .36

IIAYCÀFBZ

1.25

souRcE
ELOOD
BLOOD
BLOOO
ELOOO
BLOOO
BLOOO
BLOOO
BLOOO
BLOOO
BLOOO
BLOOO
BLOOO
gLooo
BLOOD
ELOOD
BLOOD
BLOOD
BLOOD
BLOOO
BLOOO
BLOOD
BLOOO
BLOOO
BLOOO
BLOOD
BLOOO
BLOOO
BLOOO
BLOOO
ELOOD
BLOOO
BLOOO
BLOOO
BLOOO
BLOOO
BLOOO
BLOOD
BLOOO
BLOOD
BLOOD
BLOOO
BLOOO
BLOOO
BLOOO
ELOOD
BLOOO

HONTH

IJULY
AUGU
SE PT
JUNE
dULY
AUGU
SEPT
JUNE
i,ULY
AUGU
SEP T

ÚUNE
.JULY
AUGU
SEPT
\,UNE
JULY
ÂUGU
SEPf
JUNE
iJULY
AUGU
SEPT
JUNE
JULY
AUGU
SEPT
dUNE
dULY
AUGU
SEPf
JUNE
JULY

^uGuSEPT
JUNE
IJULY
ÂUGU
SEPT
\,UNE
JULY
AUGU
SEPT
JUNE
JULY
ÂUGU

COUBZN
lbð
f35
63

121
20G
t32
a9

t21
t ¡lO
l6l
foó
192
206
26r

7A
121
99

t62
¿lg

r39
r68
r95
56

126
t07
99
a2

tr3
l9a
la3
¡tg
87

t56
231
65

t28
l¡l t
215

70
llo
8l'

tci2
a5
76
15
93

CÂLFBZN
t73
l6l
122
rc5
I13
I ¡at
r33
t3¡a
27t
2EO
la2
97

ltt
lor
r35
123
tt3
t7l
t03
I l¡l
2so
tt6
t ¡12

t90
298
t98
137
g2

121
r3t
62

t83
270
2to
t30
t19
240
l04
152
111
224
203

12
tGo
232 ¡'rrsìl

SE F TRICOU TRTCALF GROUP
7Ê
76
76
36
36
36
36
97
97
97
97
96
96
96
96
40
¡tO
¿lO
¿¡O

25
25
25

7
2
2
I
t
I
t
o
o
o
o
o
o
o
o
I
I
I
I
I
I
I

t3
r3
r3
t3
39
39
39
39
26
26
26
26
45
45
45

I
I
t
I
t
t
I
I
I
I
I
I
o
o
o
o
t
t
I
I
t
'l

I



oBs
92
93
94
95
96
97
98
99

roo
for
t02
r03
to4
r05
r06
ro7
to8
to9
tro
trt
112
t t3
I l¡¡
t t5
rt6
1t7
r18
I 19
r20
121
t22
123
124
125
126
r27
124
r29
,r 30
t3t
132
t33
134

coul0
63C
6R

CALF ID
27U
3U
3U
3U
3U
2tu
2ru
2lu
2tu
5U
5U
5U
5U
45U
45U
45U
¡¡5U
t4u
l4u
t4u
l4u
28U
28U
28U
28U
40u
40u
40u
40u
6U
6U
6U
6U
4U
4U
4U
4U
37U
37U
31U
37U
IU
IU

SEXCAL F TRTCOY
I
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
3
3
3
3
3
3

fRfc ALF oRouP rlYcouBz IIYCAFBZ ßOURCE

BLOOO
BLOOD
BLOOD
ELOOO
BLOOD
BLOOO
BLOOO
BLOOO
BLOOD
BLOOO
ELOOO
ELOOD
BLOOD
BLOOO
BLOOD
BLOOD
ELOOO
BLOOO
SLOOD
-BLOO0

BLOOO
BLOOO
BLOOD
ELOOO
BLOOD
BLOOD
BLOOO
BLOOD
BLOOO
BLOOD
BLOOD
BLOOD
BLOOD
BLOOO
BLOOO
BLOOD
ELOOD
ELOOO
BLOOO
BLOOO
ELOOO
8L000
BLOOO

IONlH
SEPf
üUNE
ÚULY
ruGu
SEPl
dUNE
JULY
AUGU
SEPf
ÚUNE
JULY
ÂuGu
SEPl
JUNE
JULY
 UGU
SEPT
JUNE
JULY
AUüU
SEPl
ÚUNE
JULY
AUGU
SEPl
iJUNE
\,ULY
AUGU
SEPT
JUNE
JULY
AUGU
5E PT
ÚUNE
JULY
AUGU
SEPT
JUNE
JULY
rUGU
SEPf
r,UNE
iJULY

COEZN
¡f8

t3r
2t6
125
7A

139

CTLFBZr{
r03
27t
330
201
to8
210

6R

H
H
H
H
H
B
I
B
B
B
B
B
B
B
B
B
B
B
I
B
B
H
H
H
H
H
H
H
H
H
H
H
H
B
B
B
B
B
B
I
B

I
a

tt
B
B
B
B
A
A
A

Â
A
A

A
Â

Â
l
A
A
l
Â

A
A
Â
A
A
A
A

A
A
A
A
A
A
B
B
B
B
B
B
B
I
B
B

28
2B
2A
28
2A
3A
3Â
3A
3A
3A
3A
3Â
3Â
3Â
3A
3Â
3Â
3A
3A
3A
3A
3A
3A
3A
3A
3A
3Â
3A
3A
3A
3A
3A
3À
3B
3B
38
3B
3B
3a
38
3B
38
3B

I .36
t.oo
r.oo
r.oo
t.oo
2. l7
2. t7
2.17
2. 17
I .83
r .83
I .83
r .83
I .47
1 .17
I .47
1.17
2.O2
2.02
2.O2
2.O2
o. 78
o. 78
o.78
o.78
t.73
I .73
1 .73
1 .73
I .79
't .79
I .79
I .79
r .25
t.25
I .25
1 .25

.45

.51

.5t

.5t

.516R
6R
65C
65C
65C
65C
2N
2N
2N
2N
40c
40c
40c
40c
6¡lC
64C
64C
6¿tc
2tc
21C
2\C
2tc
93C
93C
93C
93C
67C
67C
67C
67C
r3c
f3c
t3c
r3c
22C
22C
22C
22C
6S
6S

I .93
r .93
I .93
I .93t.rt
t.ll
t.tt
l.ll
o.93
o.93
o.93
o.93
t.2g
l.2g
I .2s
I .29
O.6¡l
o.64

2tc
65

130
t99
€9
95

r35
t5l
137
73

t2a
t20
l6¡0
99

r29
t11
136
85

l07
147
79
92

t46
92

t59
58

l.¡O
t78
t6r
82

t6t
tat
ta0
62
81
93

1e7
67

tat
211
ltt
8g

t03
t4t
r83
r07
I ¡13

276
tat
95

la6
218
141
r55
127
207
1a4
roo
273
260
l3t
152
87

r65
r53
153
t13
t5a
r5'o
t02
t37
r80

92
92
e2
92
oo
oo

o.64
o.64
1.22
t .22
I .22
1 .22
2.30
2.30
2.30
2.30
I.8r
l.8t
t.8f
I .81
r .35
r .35
r.35
r .35
1.12
1.12

{
r..o



SEXCALF TRTCOU TRÍC ALF GROUP HÂYCOUBZ I{AYCAFBZ SOURCE

BLOOD
BLOOO
BLOOD
BLOOD
BLOOD
BLOOO
BLOOO
BLOOO
ELOOD
BLOOO
BLOOD
BLOOO
BLOOO
BLOOO

HONlH

ÂUGU
SEPl
JUNE
JULY
AUGU
SEPl
JUNE
JULY
AUGU
SEPf
JUNE
JULY
ÂUGU
SEPT

COUBZN

r8Þ
55

r33
r34
r30
83

t3t
137
t l¡l
68

tt8
r7l
r83
63

C LFEZN
tt6
90
rte
?r8

7A
s3

l7a
336
336
r07
r28
2to
234

98

oBS

r35
r36
137
r38
t39
t¿¡o
r4t
ta2
f43
r44
r45

't¿16

117
I ¡18

coulo
6s
65
52C
52C
52C
52c
23c
23C
23C
23C
?5C
75C
75C
75C

CALF I D
B
B
I
B
B
B
B
B
B
B
B
B
B
B

3B
38
28
2A
28
28
3B
3B
38
3B
3B
3B
3B
3B

oo
oo
l¡¡
14
t4
t4

.22

.22

.22

.22

.35

.35

.35

.35

t.
t.
o.
o.
o.
o.
t.
t,
I
t
I
I
'l

I

12
12
a2
a2
a2
a2

,58
,58
.58
.58
.17
.17
.17
.17

IU
1U
8U

B
B
B
B
B
B
B
B

B
B
t{
H
H
H

3
3
2
2
2
2
3
3
3
3
3
3
3
3

8u
8U
SU
7U
1t)
7u
7U
3su
35U
3su
35U

æo



o8s coulo cALFIosExcALFTRTcoUTRTCALFGRoUPsouFcEHoNIHcoULcUPc^LFLCUP
I
2
3
I
5
6
7
I
9

ro
tl
12
r3
t4
t5
r6
l7
l8
t9
20
21
22
23
24
25
26
27

5C
5C
5C
6C
6C
6C
r2c
12C
t2c
56C
56C
56C
74C
74C
74C
1rc
lrc
tlc
33C
33C
33C
t6c
r6c
r6c
l7c
17C
17C
2P
2P
2P
32C
32C
32C
72C
72C
72C
29C
29C
29C
35C
35C
35C
r8c
r8c

24V
211)
24U
29U
29U
29U
28U
28U
28U
t3u
r3u
r3u
34U
34U
34U
2V
2U
2V
4tu
4tu
4ru
t7u
r7u
r7u
9U
9U
9U
rou
rou
rou
30u
30u
30u
r5U
t5u
f5u
36U
36U
36U
39U
39U
39U
r2u
12U

L TVER
LIVER
LIVER
LI VER
LTVER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
LI VER
L IVER
LIVER
L IVER
LIVER
LIVER
LIVER
LIVER
LIVER
LTVER
L IVER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
L¡VER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
L¡VER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER

JUNE
JULY
SEPT
dUNE
JULV
SEPf
TJUNE

JULY
SEPf
JUNE
JULY
SEPT
dUNE
\,ULY
SEPT
JUNE
JULY
SEPT
JUNE
JULY
SEPT
JUNE
JULY
SEPT
JUNE
JULY
SEPT
JUNE
JULY
SEPT
JUNE
\,ULY
SEPÏ
JUNE
t,ULY
SEPT
JUNE
JULY
SEPT
JUNE
iJULY
SEPT
JUNE
JULY

B
B
B
B
B
B
I
I
B
H
H
H
H
H
0{

t{
H
H
B
B
B
B
B
B
B
I
B
B
I
B
H
H
H
H
H
H
B
B
B
B
B
B
B
I

t
I
t
I
I
I
I
'l

'l

I
t
I
I
I
I
I
I
t
I
I
I
I
1

t
I
I
I
I
t
I
t
2
2
2
2
2
2
2
2

A

Â
A
A
Â
A
A
A
Ä
A
Ä
A
A
A

A
A
A

B
B
B
B
B
B
B
I
B
B
B
I
B
B
B
B
B
B
À
A
A
A

A
A
A
Â

IA
tÂ
IA
tÂ
IA
tÂ
lA
lÂ
fA
IA
'ta
IA
fA
IA
lÂ
IA
IA
lÂ
1B
't8
IB
IB
tB
IB
t8
IB
IB
IB
IB
't8
IB
IB
TB
IB
IB
IB
2^
2^
2^
2^
2^

80. 2
60.6

t30.8
123.2
t59.O
t65.4
257.1
251 .7
28t.o

60. ¡¡

67 .9
96. ¡l

284 .9
3r9.3
¿t t9. o
216.7
264.3'
217 .6
142.8
r5r .3
20r.o
69.O
77 .O

t¡¡3. ¡r

t 16.3
109.4
I r8.6
114.4
r20.5
r39.3
2/l1.3
296.4
37¡t .3
211.3
227.4
2o4.8
69.O

t44.3
223.9
tof .5
r98.4
193.4
r92. I
3r5.5

to3. t
E2.1
51.¡l

212.O
75.O
70.9

2A

@

320.7
259.5
r86.5
t05.6
52.1
a5.3

r56.O
f 09.o
96 ,7

204.5
336.9
rol .9
78 .8

3tt7 .7
I ¡tO. 3
r88. t
351 .2
212.5
1o2.9
270.3
r09,7
t 39.6
333.6
26¡t .9
237.5
3¡13.8
282.5
r32.O
3ó8.8
152.1
l¡19.8
r20.5
69.2

r59.O
6r.o
6¡f .l

r65.6
fl2.9

29
30
3l
32
33
34
35
36
37
38
39
40
41
42
43
44

2^
2^
2^



OgS COHIO CALFIO SEXCÂLF TRICOY IRTCÂLF GROUP souncE
LIVER
LTVER
LIVER
LI VEN
LIVER
LIVER
LIVER
LIVER
LIVER
LI VER
LTVFN
LTVER
L¡VEF
LI VER
LIVER
LI VER
LIVER
L¡VER
L IVER
LIVER
LI VER
LI VER
LIVER
LIVER
LI VER
L¡VER
LIV€R
L IVEN
LIVER
L tv€n
LIVER
LIVER
LTVER
L¡VER
LIVER
LI VER
LIVER
LTVER
LIVER
L¡VER
LIVER
L¡VER
LIVER
LIVER
LIVER

ÈIONTH

SEPT
JUNE
JULY
SEPÏ
JUNE
JULY
SEPT
dUNE
TJULY
S€PT
r,UNE
JULY
SEPT
JUNE
JULY
SEPT
ÚUNE
JULY
SEPT
JUNE
dULY
SEPT
dUNE
dULY
SEPT
JUNE
JULY
SEPT
JUNE
JULY
SEPT
ÚUNE
dULY
SE PT
\,UN€
JULY
SEPT
\,UNE
JULY
SEPT

'.,UNEJULY
SEPT
JUNE
JULY

COYLCUP

178.7
175.8
269.5
279.1
375.5
533.O
45t.8
2ro.3
333.3
380.8

37 .7
t6¡t.7
273.3
127-l
180. I

2tâ.
137 .
tlt.
86.

35r.
22C.
l¡18.
142.
I19.
76.

CALFLCUP
88 .6

r05.O
8a.t
56.4

136.1
72.1
53.8
8l,¡l
6r.1
38.7

192.3

207 .8
¿t37.O
t88.6
30€.9
368.4
3¡t4.8
r26.3
378.3
r80.6
85 .6

315.7
t¡8.9
t7r.9
39a.5
271,6

73 .l
0
a
7
t
0
3
I
3
?
3
7
a
9
o
4

A
A
A
A

A
l
A
A

A
A
B
a
B
B
B
B
B
I
B
B
B
B
B
B
B
B
I
B

l̂
l
A
A

A
A
A

A

A
A
A

A
A
A
A
A

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
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

I
H
H
H
1.1

H
H
H
H
H
B
B
B
B
B
B
B
I
B
B
I
B
H
H
H
H
H
H
B
I
B
I
B
B
B
B
B
B
B
B
H
H
H
H
H

57

67

45
46
47
48
49
so
5l
52
53
51
55
5ti

t8c
roc
roc
roc
t9c
r9c
t9c
25C
25C
25C
l4c
t4c
t4c
66C
66C
66C
f9s
l9s
r9s
60c
60c
60c
63C
63C
63C
6R
6R
6R
65C
65C
65C
2N
2N
2N
40c
40c
40c
64C
64C
64C
2lC
2fc
21C
93C
93C

t2u
25U
25U
25U
r9u
r9u
f9u
23U
23U
23U
22V
22U
22t)
t8u
t8u
l8u
20u
20u
20u
ttu
ttu
tlu
27U
27U
27V
3U
3U
3U
2tu
2ru
2fu
5U
5U
5U
45U
45U
45U
r4u
t4u
t4u
38U
38U
38U
40u
4c)rJ

2^
2^
2^
2^
2^
2A
2A
2L
2^
2A
28
28
2A
28
28
2A
28
28
28
28
2A
2A
2B
28
28
2A
2g
2A
3^
3A
3A
3l
3Â
3A
3A
3A
3A
3A
3A
3A
3A
3A
3Â
3Â
3Â

¡Ci. s
r96.5
302 .6
385.5
117 .1
t92.2
207 .1

38 .5
150.9
r9€.2
2t3. I
232.3
280.6
1t5.5
t58.2
2tt.c
t64 .2
3r8.2
311 .7
86.3

t49.8
248.4

67 .8
109.4
r65.3
265.2
¡t3¡l . O
291.3
foo. 3

z
7

385
241

58
59
60
6l
62
63
64
65
66

68
69
70
7l
72
73
71
75
76
77
78
79
80
8r
a2
83
84
85
86
87
88
89

77
62
56

r38
82

æ
t.)



o8scoytocÂLFIosExcÂLFlnTcouTRÍCALFGRoUPsoURcEi{oNlH CALFLCUP

ttB.1
r85.O
l¡13.3
r ro.5
224.9
492. I
250.8
r t2.6
3r2.3
r t9.2
r05.6
289.O
2ta.7
95.5

437.3
230.o
t76.C
483. ¡l
326.3
cc.7

3.5.6
r60.0

covicup
314 .2
t57 .8
27?.O
r70.5
180.1
273.5
214.9
2A7 .3
25s .5
514.7
r85.O
268 .6
247 .9
ta2.3
468.5
458.O
206.8
265.7
124. I
6r.o

r06.5
145.7

90
9l
92
93
94
95
96
97
98
99

roo
rol
102
r03
r04
ro5
r06
r07
r08
r09
t10
rtt

93C
67C
67C
67C
r3c
l3c
r3c
22C
22C
22C
6S
6S
6S
5'2C
52C
52C
23C
23C
23C
75C
75C
75C

40u
6U
6U
6U
4U
4U
4U
37U
37U
37U
IU
1U
IU
8U
8U
8U
7U
7U
7U
35U
3su
35U

LIVER
LIVEN
LIVER
LIVER
LIVER
LIVER
LI VER
LI VER
LIVER
LIVER
LIVER
LIVER
L¡VER
LIVER
L TVER
LIVER
L¡VER
L¡VER
LI VER
L¡VER
LIVER
LIVER

sEPT
UUNE
JULY
SEPT
JUNE
JULY
SEPT
JUNE
JULY
SEPf
JUNE
\,ULY
SEPT
JUNE
JULY
SEPT
JUNE
rruLY
SEPT
dUNE
LJULY
SEPT

3A
3Â
3A
3A
3B
3B
3B
3B
3A
38
3B
3B
3B
3B
3B
3B
3B
3B
3B
3B
3B
3B

A

A
A
Â

B
B
B
a
I
B
B
B
I
B
B
B
B
B
B
I
B
B

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

H
H
H
H
B
B
B
I
B
B
B
B
B
B
B
B
B
I
B
H
H
H

@(,



o8s cowlD cALFIosExcALFTRlcowÎRTCALFGRoUPsoURcE}IoNTHcoULHoLCALFLIoL
I
2
3
4
5
6
7
I
9

to
tl
12
t3
l4
r5
r6
t7
t8
r9
20
2l
22
23
24
25
26
27
2A
29
30
3l
32
33
3¡l
35
36
37
38
39
40
4l
42
43
44

5C
5C
5C
6C
6C
6C
12C
12C
t2c
56C
56C
56C
74C
7ôC
74C
trc
Itc
rrc
33C
33C
33C
16C
r6c
r6c
r7C
17C
l7c
2P
2P
2P
32C
32C
32C
72C
72C
72C
29C
29C
29C
35C
35C
3sc
18C
18C

24V
24V
24v
29U
29u
29U
28U
28t)
28U
r3U
r3U
t3U
34U
34U
34U
2U
2V
2U
4ru
4ru
¿l tu
t7U
r7u
17U
9U
9U
9U
rou
tou
10u
30u
30u
30u
r5u
r5u
r5u
36U
36U
36U
39U
39U
39U
12U
r2u

B
I
B
B
I
B
I
B
B
H
H
H
H
H
H
H
H
H
B
B
B
B
B
B
B
I
s
B
a
B
H
H
H
H
H
H
B
I
B
B
B
B
B
B

I
I
t
t
I
'l

t
I
t
I
t
I
I
I
t
I
I
t
f
I
I
I
I
I
I
I
t
I
I
I
t
I
I
I
I
I
2
2
2
2
2
2
2
2

A
Â
Â
Â

A
A
A
Â

A
A
Â

Â
A
A
À

A
A

A
B
B
B
B
B
B
a
B
B
B
B
B
B
B
I
B
B
B
A

Â
A
Â

A
A

A
A

IA
IA
t^
IA
lA
t^
IA
IA
tA
TA
IA
IA
t^
tÂ
tA
IA
lÂ
tÂ
IB
IB
IB
IB
IB
t8
IB
IB
IB
IB
IB
IB
IB
TB
IB
IB
fB
IB
2^
2^
2^
2^
2^
2^
2A
2A

LIVER
LI VER
LIVER
L¡VER
LIVER
LIVER
L¡ VER
LTVER
LIVER
L IVEN
LIVER
LTVER
L IVER
L IVER
L¡VER
LIVER
LIVER
L IVER
LIVER
LIVER
LTVER
LIVER
LIVER
LI VER
LIVER
LIVER
LI VER
LIVER
LTVER
LIVER
LIVER
LTVER
LIVER
LTVER
LIVER
L¡VER
L¡VER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER

JUNE
dULY
SEPT
JUNE
JULY
SEPT
\,UNE
JULY
SEPT
JUNE
JULY
SEPT
JUNE
TJULY
SEPl
JUNE
iJULY
SEPf
JUNE
JULY
SEPT
JUNE
JULY
SEPT
JUNE
JULY
SEPT
JUNE
JULY
SEPT
JUNE
!,ULY
SEPT
JUNE
JULY
SEPT
JUNE
JULY
SEPf
JUNE
\rULY
SEPT
JUNE
JULY

r3.7
r3.3
5.7
6. I

15. I
7.2
4.9

t3.2
6.2
5.3

lo.l
5.9
9.8
Ll
3.5
6.3
9.9
6.6
7.O

r5.2
8.4
5.5

r2.5
8.3
4.O

t 3.7
3.2
5.6
9.5
5.2
5.7
8.O
6.3
5.9

13.9
3.2
5.O

r3.5
6.9

r3.6
8.7
3.5
6.O

r5.3

3.1
¿t .9
5.8
o.6
t.l
3.3
3. t
7.O
7.3
2.9
2.6
3.6
2.O
a.6
a.2
3.8
7.3
¿t .9
2.1
8.9
5.¡l
5.O
.t .6
6.6
2.G
4.7
3.5
¡l .o
¿l .9
2.9
2.2
2..
5.9
t.9
7.1
2.9
3.8
LO
t.a
5.9
5.1
5.5
3.8
8.O

@
F.



.i ,.. ,t,

oBS
¿5
¡16
11
48
49
50
5l
52
53
54
55
:6
57
58
59
60
6l
62
63
64
65
66

.67
68
69
70
71
72
73
74
75
76
77
?8
79
80
8l
82
83
84
85
86
a1
88
89
90

COUIO
:8C
roc
roc
10c
r9c
t9c
t9c
25C
25C
25C
I ¿¡C

t4c
l4c
66C
66C
66C
r9s
19S
t9s
60c
60c
60c
63C
63C
63C
6R
6R
6R
65C
65C
65C
2N
2N
2N
40c
40c
40c
64C
64C
64C
2tc
2lc
2tc
93C
93C
93C

CALF IO
r2u
25U
25U
25U
r9U
t9u
t9u
23U
23U
23U
22V
22U
22V
t8U
l8u
r8u
20u
20u
20u
tlu
Itu
Itu
21V
27U
21U
3U
3U
3U
2tu
2lu
2lu
5U
5U
5U
45U
¡¡5U
45U
14U
l4U
'l 4u
38U
38U
38U
40u
40u
40u

GROUP

2^
2^
2Â
2^
2^
2^

2^
2^
2^
28
2B
2A
2A
2B
2B
2B
28
2B
28
28

2S
2B
2S
28
28
2A

3A
3A
3A
3A
3A

s0uRcE
L IVER
L IVER
LIVER
L TVER
LTVEN
LTVER
L IVER
LI VER
LIVER
LTVER
LTVER
LIVER
LIVER
L IVER
LIVER
LIVER
LIVER
LIVER
L IVER
L¡VER
LIVEN
LIVER
LIVER
LIVER
LIVER
LIVEN
LIVER
LIVÉR
L¡VEN
LTVER
LIVER
LIVER
LIVER
LI VER
L IVER
LIVER
LI VER
LIVER
L IVER
L IVER
LI VER
L¡ VER
L TVER
L IVER
LIVER
LIVEN

IIONTH
IÉPT
JUNE
JULY
SEPT
JUNE
JULY
SEPT
JUNE
JULY
SEPf
JUNE
JULY
SEPf
JUNE
JULY
SEPf
JUNE
üULY
SEPl
JUNE
JULY
SEPT
JUNE
JULY
SEPl
JUNE
r,ULY
SEPf
.JUNE
JULY
SEPf
JUNE
JULY
SEPf
JUNE
JULY
SEPT
JUNE
r,ULY
SEPT
JUNE
\,ULY
SEPT
JUNE
JULY
SE PT

OU

2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

1C
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

TRSEXCALF
B
H
t{
H
H
H
H
H
H
H
B
B
B
B
B
B
B
B
B
B
B
I
H
H
H
H
H
H
B
B
B
B
B
B
B
B
B
B
I
B
H
H
H
H
H
H

RTT CAL
À
A
A

À
A
A
A

A
Â

Â
B
B
B
B
B
B
B
B
B
B
B
B
B
I
B
B
B
B
A
A

A
A

A
A
À
Â

A
Â

A

A
A
A
A

A

A
A

3Â
3A
3A
3^
3A
3A
3A
3A
3A
3A
3A

F
couLlloL

6.3
7.2

13.7
8.2
6. t
9.5
1.7
2.4

rl.3
2.7
g'7

'r3.6
7.7
5.3

r3.3
8.6
5.5

12.1
6.9
4.5

5.6
3. ¿¡

12. I
5.1
3.9
5.8
2.4
4. t

12.6
5.5
3.9

It.8
2.G
7.6

to.7
6.6 æ

Ltl

CÂLFLIIOL
Ú.6
3.3
5.5
¿t .8
a.a

lo.6
3.o
3.2
1.1
3.3
¡¡.6
¡r,o
¿t .8
3.€
6.3
4.2
5.3
3.6
¿¡.6
2.5
3.4
3.2
2.O
1.7
a.l
r.o
7.O
a.9
1,7

2.4
r.8
2.9
?.6
1.3
¿a, I
5.3
2.7
3.1
a.2
¿0. 3
6.9
3.6
2.4
3.6
2.1

2^

28

3l

3A

2.4
5.4
9.6
7.6
6.O
l2.s
3.O
a.2



O8S COUTD CÂLFID SEXCALF TRTCOY TRTCALF GROUP SOURCE UONTH COYLXOL CALFLIOL

9r
92
93
94
95
96
97

3
I
2
2

lo
6
3

l¿l
4
I

11
4
7

t3
7
6

lr
3
1
I
6

t
o
4
6
3
9
7
3
6
6
5
1
o
7
I
6
7
3
5
2
I

3A
3A
3A
3B
3B
38
3B
3B
3B
3B
3B
3B
3B
3B
38
3B
3B
3B
3B
3B
3B

A
A
A

I
B
B
B
B
B
B
B
I
B
B
B
B
B
B
B
B
B

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

H
H
H
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
H
H
H

2.i
1.9
5.5
2.9
9.5
3.5
2.6
2.6
5.6
9.7
5.O
2.4
2.7
1.7
3.2
3.O

ro.2
t.G
r.o
7.3

9A
99

loo
rol
102
r03
lO¿l
r05
r06
t07
r08
r09
rro
ltf

67C
67C
67C
r3c
r3c
l3c
22C
22C
22C
6S
6S
6S
52C
52C
52C
23C
23C
23C
75C
75C
75C

6U
6U
6U
¿lu
4U
4U
37U
37U
37U
IU
IU
IU
8u
8U
8Lt
7U
7U
7U
35U
35U
35U

L IVER
LIVER
L IVEN
LIVER
L IV€R
L IVER
L IVER
LIVER
LIVER
L IVER
L¡VER
L IVER
L TVER
L¡VER
LIVER
LIVER
LIVER
L¡VER
LTVER
LT VER
LIVER

JUNE
dULY
SEPl
JUNE
üULY
SEPl
L,UNE
rJULY
SEPT
JUNE
JULY
SEPl
JUNE
ÚULY
SEPT
JUN€
ÚULY
SE PÎ
JUNE
JULY
SEPT 6.2

æ
o\



oBscowloCALFIoSExcÀLFTRTcowIRICALFGRoUPSoURcEMoNTH
2Ø.4
2t2.O
219.7
3o9.4
359.7
3to.a
473.7
466.O
241 .2
36r.2
39t.2
3 r8.2
287.O
35/f . ¡f
354.5
288. I
293.4
268.O
367 .5
316 .4
r 35.3
26 1.¡l
266.8
353.9
220.2
296.3
334 .8
318.1
3t7 .O
/¡t7.9
227.9
r t5.7
229.C
r73,4
296.5
370. 5
3 r9.O
375.6
375,3
308,7
39t.3
278.4
r33.2
238.5

COYLFE

366 .6
¡t56.O
323.O
383.O
¡083 .I
399.3
36 1.4
467 .8
5l¡t .8
630. 5
604.O
503. I
34t.6
300. I
298.4
2A7.9
45t.6
240.5
2r8.8
230.9
290.7
304 .4
338.7
469. B
395.5
343.9
321 .7
272. I
107.1
243.6
403.4
468.3
324 .6
359.9
267 .8
312.2
293.2
294.O
4 to.5
27 t.2
429.2
417.2
281.1
353 .9

CALFLF E

I
2
3
4
5
6
7
I
I

ro
It
l2
l3
14
r5
f6
17
r8
t9
20
2l
22
23
24
25
26
27
28
29
30
3l
32
33
34
35
36

A
Â
Â
A
A
A
A
A
Â
A
A

A
A
A
A

A
A
Â

B
B
B
B
B
B
I
B
B
B
B
B
B
I
B
B
B
B
A
A

A
A
A
A

A
A

B
B
I
I
B
B
B
B
I
H
H
H
H
H
H
H
H
H
B
I
B
I
B
B
B
B
I
B
B
B
H
H
H
H
H
H
B
B

B
B
B
B
B
B

6C

37

5C
5C
5C

6C
6C
12C
r2c
12C
56C
56C
56C
74C
74C
74C
trc
tlc
llc
33C
33C
33C
16C
16C
t6c
l7c
r7c
l7c
2P
2P
2P
32C
32C
32C
72C
72C
72C
29C
29C
29C
35C
35C
35C
r8c
r8c

24U
24V
2âU
29U
29U
29U
28U
2AU
28U
r3u
r3u
r3U
34U
34U
34U
2U
2U
2V
4ru
41U
4tu
r7u
r7u
l7u
9U
9U
9U
rou
rou
rou
30u
30u
30u
r5u
r5u
r5u
36U
36U
36U
39U
39U
39U
12U
12U

L IVER
L¡VEN
L¡VER
LIVER
LIVEN
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
L¡VER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVEN
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
L IVER
LIVER
L¡VER
LIVER
LIVER
LIVER
L TVER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER

JUNE
JULY
SEPl
JUNE
dULY
SE PT
r,UNE
JULY
SEPT
\,UNE
JULY
SEPT
JUNE
JULY
SEPf
JUNE
\,ULY
SEPT
JUNE
JULY
SEPT
JUNE
JULY
SEPT
JUNE
JULY
SEPl
JUNE
JULY
S€PT
JUNE
dULY
SEPT
JUNE
t,ULY
SEPT
\,UNE
JULY
SEPT
\,UNE
JULY
SEPT
JUNE
JULY

t
I
t
t
I
t
I
I
I
I
I
t
I
t
I
I
I
t
I
I
I
I
I
I
I
I
I
I
I
I
t
I
I
I
I
t
2
2
2
2
2
2
2
2

IA
IA
tA
l^
t^
tA
l^
l^
lÂ
lÂ
'tA
'la
IA
IA
IA
tÂ
IA
'lÂ
IB
tB
IB
IB
IB
IB
t8
l8
IB
tB
tB
IB
IB
IB
tB
IB
IB
IB
2^
2^
2^
2^
2^
2A
2^
2^

38
39
40
4l
42
43
44 @

!



386
412
481
45r
446
479
479
379
335
311
356
349

526
122

64

o8s
45
46
47
48
49
50
5l
52
53
54
5s
56
57
58
59
60
6l
62
63

65
66
67
68
69
70
7l
72
73
74
75
76
77
78
79
80
8l
82
83
84
85
86
87
88
89

27t
324
371
380
486
36 I

coì{ ¡ o

t8c
roc
roc
roc
t9c
t9c
t9c
25C
25C
25C
t4c
r{ç
1 ¿¡C

66C
66C
66C
r9s
r9s
t9s
60c
60c
60c
63C
63C
63C
6R
6R
6R
65C
65C
65C
2N
2N
2N
40c
40c
40c
64C
64C
64C
2tc
2rc
21C
93C
93C

CÂLF I D

l2u
25V
25U
25U
t9u
t9u
t9u
23U
23U
23U
22U
22V
22V
l8u
t8u
t8u
20u
2ou
20u
tlu
rtu
rru
27u
27U
27V
3U
3U
3U
2ru
2ru
21V
5U
5U
5U
45U
45U
45U
r4u
r4u
l4u
38U
38U
38U
¿ou
40u

SOURCE

L¡VER
LIVER
LIVER
LTVER
LTVER
LIVER
LIVER
LTVEN
LIVEN
LI VER
LIVER
LIVER
L IVER
LIVER
LIVER
LI VER
L IVER
LTVER
LIVER
L IVER
LTVER
LIVER
LIVER
LIVER
LIVER
L IVER
LIVER
L¡VER
LIVER
LIVER
L¡VER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
LTVER
LIVER
LIVER

IIONTH

SEÞf
JUNE
ÚULY
SEPT
JUNE
iJULY
SEPT
JUNE
JULY
SEPf
JUNE
JULY
SEPT
JUNE
JULY
SEPI
JUNE
JULY
SEPT
JUNE
JULY
SEPT
\,UNE
JULY
SEPl
JUNE
JUL Y

SEPT
JUNE
JULY
SEPT
dUNE
JULY
SEPT
JUNE
ÚULY
SEPI
i,UNE
\,ULY
SEPT
dUNE
r,UL Y

SEPT
JUNE
\,ULY

COYLFE c4!E!¡E
264.7
27 l.A
375. I
34¿r. g
2A1.7
30€.o
340. O
434 .1
302.2
352. I
316.I
326.6
325.3
2ll.a
240..|
3¡û I .3
r38.7
225.?
3t8.O
170.7
3at.o
356. 3
r9r.8
349.1
3t1 .2
268.8
214.1
360. I
3,15.9

3t 1.9
257.9
42C.7
242.3
378.2
361 .2
325.4
250. t
265.7'
293.5
183.7
159.5
337.2
225 .1
291.6

SEXCALF TRTCOU TRTCALF GROUP

2^
2^
2^
2^
2^
2^
2^
2^
2A
2^
28
2B
2B
28
28
28
28
2B
28
2S
2B
2A
28
28
28
2B
28
28
3A
3A
3A
3A
3A
3A
3A
3A
3A
3^
3Â
3Â
3A
3Â
3A
3A
3A

B
H
H
H
H
H
H
H
H
H
B
I
B
B
B
B
B
I
B
B
I
B
H
H
H
l{
H
H
B
B
B
B
B
B
B
B

I
I
B
I
H
H
H
H
H

A

A
À
A
A
A
Â

A
A
Â

B
I
B
B
B
B
B
I
I
I
B
B
B
I
I
B
I
B
A
Â
A
A
Â

Â
Â
Â

Â
Â
A

A
A
Â
Ä

A

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
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

7
5
4
o
I
5
3
5
2
I
4
7
4
o
2
2
3
o
o
I

400.9
265.Ê
25C.7
380.6
417.2
231 .7
36¡l . I
175.7

453.6
454 .7
560.6
453.9
376.8
268.3
394.5
323. 3
34t.6
3¡18.5
256.1
282.O
330. 5
371. I
502.7

@
@



OBS COHIO C^LF IO SEXCÀLF TRTCOU IRTCALF GROUP SOURCE IIONTH COYLFE CALFLFE

90
9f
92
93
9¡l
95
96
97
98
99

roo
tol
r02
r03
l04
r05
toG
r07
r08
t09
tto
trt

93C
67C
67C
67C
l3c
t3c
t3c
22C
22C
22C
6S
6S
6S
52C
52C
52C
23C
23C
23C
75C
75C
75C

40u
6U
6U
6U
4U
4U
4U
37U
3?U
37U
IU
IU
tu
8U
8U
8U
7U
7U
7V
35U
35U
35U

LIVER
LI VER
L.¡ VE R
L IVER
LIVEP
LIVER
L¡V€R
LIVER
LIVER
LIVER
LTVER
LIVER
LIVEP
LIVER
L¡V€R
LIVER
LIVER
LTVER
LIVER
L¡VER
LIVER
LIVER

SEPf
ÚUNE
\,ULY
SEPT
JUNE
dULY
SEPl
JUNE
\,ULY
SEPT
JUNE
JULY
SEPT
ì,UNE
JULY
SEPT
JUNE
JULY
SEPl
JUNE
JULY
SEPT

2G7.1
326. I
295.7
332 .5
223.7
216.1
2¡13.5
27a.9
424 -O
3¡¡6.4
2æ.7
330. t
35r.6
33s.O
390.4
32ft.2
t r3.5
290.6
238 .9
G77.2
5?r.9
6t6.2

H
H
H
H
B
I
B
B
B
B
I
I
B
B
B
B
B
B
B
H
H
H

A
A
A
A

B
B
B
B
B
B
B
I
I
B
B
B
B
B
I
B
I
B

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

357.O
2A4.1
389. 2
385 .6
302 .6
216.4
280. r
349.6
276.3
142 .1
269 .6
309.5
378.9
220.4
356. I
269.2
288 .9
¿¡29.8
350. 5
393.2
:t72.3
¿91.3

3A
3Â
3A
3A
38
3B
3B
3B
3B
3B
3B
3B
3B
3B
3B
3B
3B
3B
3B
3B
38
3B

@
\o



OBS COYIO CÂLF IO SEXCALF ÎRTCOU TRÌCALF GROUP SOUFCE IIONTH COULZN CALFLzN

I
2
3
4
5
6
7
I
9

ro
lt
12
l3
t4
t5
t6
17
't8
l9
20
2l
22
23
24
25
2G
27
28
29
30
3r
32
33
34
35
36
37
38
39
40
¿t
42
43
44
45
46

5C
5C
5C
6C
6C
6C
12C
12C
12C
56C
56C
56C
74C
74C
74C
ftc
trc
Irc
33C
33C
33C
r6c
r6c
't 6c
t7c
17C
t7c
2P
2P
2P
32C
32C
32C
72C
72C
72C
29C
29C
29C
35C
35C
35C
r8c
r8c
r8c
loc

24U
24U
24U
29U
29U
29U
28U
28U
28U
r3u
r3u
r3u
3¿U
34U
34U
2t)
2U
2u
4ru
4ru
¿tu
17U
l7v
l7u
9U
9U
9U
fou
rou
rou
30u
30u
30u
t5u
r5u
r5u
36U
36U
36U
39U
39U
39U
12V
t2u
12U
25U

L I,VER
LIVER
LTVER
LTVER
LIVER
LIVER
LTVER
L IVER
LIVER
LIVER
LIVER
LTVER
LIVEN
LIVER
L¡VER
L¡VER
LIVER
LIVER
LIVER
LIVER
LIVER
LTVER
LTVER
L¡VER
LTVER
LIVER
LIVER
LIVER
LIVER
LTVER
L IVER
LIVER
L¡VER
LIVER
LIVER
LIV€R
L¡VEN
LIVER
L TVER
LIVER
LI VER
LTVER
LIVEN
LTVER
LIVER
L¡VER

iJUNE
JULY
SEPf
JUNE
JULY
SEPl
ìJUNE
ÚULY
SEPT
dUNE
TJULY
SEPT
JUNE
JULY
SEPT
\,UNE
JULY
SEPf
r,UNE
JULY
SEPT
JUNE
dULY
SEPT
JUNE
TJULY
SEPT
\,UNE
JULY
SEPT
JUNE
r,ULY
SEPl
JUNE
JULY
SEPT
JUNE
dULY
SEPT
.JUNE
JULY
SEPT
JUNE
JULY
SEPf
JUNE

304 .O
86.4

231 .4
666.O
l¡f¡¡.9
rr6.o
398. t
3t8.¡¡
t54.9
4A5'.7
307 .8
117.2
20t .2

95 .6
129 .2
45.O

106. I
It8.9
t26. I
I 13.4
121 .1
22.4
76.9

I 15.9
t26.3
I t8.8
r23.5
r56.6
83 .5

r23.3
212.4
t55.8
121.1
r86 .6
I r8.5
t85.6
96.3

t03.8
147.3
15.7

t4¿t .6
r63.3
t61.9
tro.l
200.7
152.2

205.O
93.5

ro3 .8
438. ¡r

58.8
roo.o
114 -7
98.9

120.8

B
B
B
I
B
B
B
B
B
H
H
H
H
H
H
H
H
H
B
B
B
B
I
B
B
B
B
I
B
a
H
H
H
H
H
H
I
B
B
B
B
B
B
B
I
H

t
t
I
I
I
I
t
I
t
I
I
1

t
I
I
t
t
I
I
I
I
t
I
I
I
t
I
I
I
I
I
I
I
I
I
I
2
2
2
2
2
2
2
2
2
2

Pro
o

21 .7
99. O

I 16.4
r95.8
r t9.5
127 .6
192.2
I 15.8
f35.O
241 .1
r49.O
t25.3
l¡18./¡
7G. t

lo3.l
I 16.2
82.9

r38.O
l/t¡l .6
t21 .7
t70 "7
t69.4
I 14.8
11a.3
147.3
172.5
l9t .9
22.?
79.3

lro.t
r05. o
r08.c
t73.3
2 r9.5
7t.3

132. I
8r.5

Â

Â
Â
Ä
Â

A
A
A
A
Â
A

A
A
Â
Â
A

Â
A

B
B

B
B

I
B
B
B
I
I
B
B
I
B
B
B
B
B
A

Â
A
Â
A

A
Â
A
Ä

Â

IA
IA
IA
lÂ
IA
IA
IA
tA
IA
IA
tA
IA
IA
tÂ
lÂ
lÂ
IA
1A
r8
IB
t8
IB
r8
IB
tB
IB

'BIB
IB
IB
IB
IB
IB
IB
IB
IB
2^
2^
2^
2^
2^
2^
2^
2^
2^
2^



oSscowloCALFIosExcALFfRTcoUIRTCALFGRoUP
roc
roc
r9c
r9c
r9c
25C
25C
2sc
t4c
t4c
r4c
66C
66C
66C
19S
f9S
r9s
60c
GOC
60c
63C
63C
63C
6R
6R
6R
65C
65C
65C
2N
2N
2N
40c
¿oc
40c
64C
64C
64C
2rc
2tc
2tc
93C
93C
93C
67C
67C

25U
2su
r9u
r9u
19U
23U
23U
23U
22U
22U
22U
r8u
r8u
f8u
20u
20u
20u
tlu
llu
rfu
27U
27V
27U
3U
3U
3U
21U
2ru
2lu
5U
5U
5U
45U
45U
45U
l4u
t4u
t4u
38U
38U
38U
40u
40u
¿ou
6U
6U

SOURCE

L IVER
LIVER
LTVER
LIVER
LIVER
L IVER
LIVER
LIVER
L¡VER
LIVER
LTVER
LIVER
LTVER
LIVER
LIVER
LTVER
L IVER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
LIVER
LI VER
LIVER
LIVER
LIVER
LIVER
LIVER
LTVER
LIVER
LIVER
LIVER
LIVER
L¡VER
LIVER
LIVER
LIVER
LTVER
L¡ VER
LIVER
LIVER
LIVER
LIVER
LIVER

MONTH

UULY
SEPT
JUNE
JULY
SEPf
ÚUNE
dULY
SEPf
JUNÉ
dULY
SEPÏ
JUNE
JULY
SEPT
iJUNE
JULY
SEPT
JUNE
\,ULY
SE P1
ì,UNE
JULY
SEPT
JUNE
JULY
SEPT
JUNE
TJULY
SEPT
JUNE
JULY
S€PT
JUNE
JULY
SEPT
üUNE
JULY
SEPT
JUNE
JULY
SEPT
JUNE
JULY
SEPT
JUNE
JULY

COYLZN

1o3.9
r85.9
259. 5
77.t

I t9.9
13r.o
t87.9
r68.2
236.9
ro7;2
f29.5
tt4.g
t3r.o
115.2
106. I
r76.?
235.8
184 .9

CALFLZN
78 .6

r03.3
r05.3
r25.O
r28. I
127 .2
r09.7
r99.O
83.2
¿i.t

t22.e
t24.6
179.1
123.7
4 t5.8
l05. ¡t
t 15.3
60.o
77.O

155.6
t37 .6
9l .3

r5t.8
r70.2
304 .8
122.6
247 .2

47
48
49
50
5r
52
53
5¿
55
56

H
t{
H
H
H
H
H
H
B
B
B
B
B
B
B
B
B
B
B
B
H
H
H
H
H
H
B
B
I
B
B
B
B
B
B
B
B
B
H
H
H
H
H
H
H
H

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
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

A
A

A
A

A
A
A
A
I
B
B
B
I
B
B
B
B
B
B
B
B
B

B
B
B
B
A
A
Â

À
Â
Â

Â
A

Â
A
A
A

A
A
A
A

Ä
Â
Â

2^
2^
2^
2^
2^
2A
2^
2^
28
28
2B
2B
2Ê
2A
2A
2g
28
28
28
2B
2A
28
2B
28
28
28
3A
3A

57
58
59
60
6l
62
63
64
65
66
67
68
69
70
7l
72
73
74
75
76
77
78
79
80
8t
82
83
84
85
86
a7
88
89
90
91
92

122.C
too. f
t40.2
16r.5
212.7
169.2
r33.5
40.7

3A

H
\c,

to2.7
425.6
129.9
117.9
ôf¡.2

133.2
t9t.9
r95.7
t93.6
122.9
r02.o
152 .1
t03.o
r90. 5
76.2

128 .9
ro3. 7
r03.3

r to.8
I lo. ¡l
12A.8
124.O
379. 3
ta6 .8
r56.6
82.C

rl5.a
l¡l t .6
232.5
t05.7
54,¿f

t95.3
t49.9
142.4
t¡¡3.8
ro5.3

3Â
3A
3A
3A
3A
3A
3Â
3A
3Â
3A
3A
3A
3A
3A
3Ä
3A
3Â



OBS COUID CALFTO SEXCALF IRTCOU TRTCALF GROUP SOUNCE HONIH COYLZN CALFLzN

93
94
95
96
97
98
99

roo
rol
r02
r03
r04
t05
r06
to7
r08
r09
tto
trl

67C
t3c
t3c
r3c
22C
22C
22C
6S
6S
6S
52C
52C
52C
23C
23C
23C
75C
75C
75C

6U
4U
4U
4tt
37U
37U
37U
ru
IU
IU
8U
8U
8U
7U
7U
7V
35U
35U
35U

LIVER
LIVEN
LIVER
LIVER
L ¡VER
LIVER
LIVER
LTVER
L¡VER
LTVER
LTVER
LIVER
L¡VER
LIVER
LIVER
LIVER
L¡VER
LIVER
LIVER

SEPT
JUNE
JULY
SEPT
JUNE
JULY
SEPT
JUNE
JULY
SEPT
ÚUNE
JULY
SEPT
dUNE
rJULY
SEPI
JUNE
JULY
SEPT

111 .2
283.6
rs8.o
t03. G

320.7
r20.7
t35.4
t86.7
226.8
rt8.6
t2l.G
r66.6
r28.8
137 .2
265. I
r3t.3
124.7
96.3

t 16.4

A

B
I
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

H
B
B
B
B
B
B
B
I
B
B
I
I
B
I
I
H
H
H

r 89.
4t.

t r5.
I la.
56.

r r2.
t27 .
125 .
486.
134 .
58.
46.

127.
267.
217.
t6l.
r 3€.
122.
121,

3A
3B
38
3B
3B
3B
3B
3B
3S
3B
3B
3B
38
3B
3B
38
3B
38
3B

2
7
g
2
3
I
I
2
2
o
6
6
I
5
7
t
I
€
.3

H
\o
f\)




