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ABSTRACT

This study is undertacken directed to determine the blood concentration of

micro (trace) minerals , particularly Zinc (Zn) and copper (Cu) , in dairy

goats as affected by the different physiological status.

Animals selected were the Nubian goats as an important dairy breed in

Sudan. The animals were divided into eight groups as follows :

Young animals ( 4 - 6 month old ), Adult animals ( 9 - 1 2 month old ) ,

Pregnant animals ( at first pregnancy ) , Up to 50 days after first kidding ,

Up to 50 days after second kidding , Up to 50 days after Third kidding,

Low yielder , High yielder .

Each of the above groups consisted of 5 animals.

The data analysis revealed that plasma Zn concentration decreased with

increase of age while that of Cu increased with the increase of age.The

plasma Zn level showed continuous increase through first pregnancy , after

first kidding , after second kidding and after third kiddin . It increased in

the lactating animals.

The plasma Cu concentration fluctuated throughout the groups with

different physiological status, it showed the same levels in the pregnant

group , up to 50 days after second kidding , and up to 50 days after third

kidding groups , while it showed a marked decrease in the group of up to

50 days after first kidding. No significant differences were observed

between the low lactating and the high lactating groups.



CHAPTER ONE

INTRODUCTION

According to FAO cencus (1990) goat population in the Sudan constituted

about 15 million heads , while the Ministry of animal wealth (1993)

reported that goat population recently reached about 33 million heads ,

which represent a very large population in comparison to other African

countries.

The Nubian goat is a common breed throughout Middle East and

extending as far eastwards as India, centre of origin is Iran. Subtypes and

traces classed as breed group include Mzabite (Algeria), and Zaraibi

(Egypt) as well as the Nubian Proper,and the Shukria ecotype

(Wilson 1990).

1.1. Nubian Goats :

1.1.1. Distribution:

In Sudan the Nubian goat is found in the riverian and urban areas of the

northern parts , North of 12°N and westwards to Elobied, and also in

Eritrea. Similar types are found throughout north Africa, and Middle

East. (Abdelaziz et al 1982).

1.1.2. Management Systems:

Urban dwellers own a small number of goats with flock sizes ranging from

2-10 animals. Usually free roaming during the day, scavenging in towns ,

and confined and fed household wastes and occasionally concentrates at



White and Blue Niles of Khartoum and along the main Nile North of

Khartoum.

1.1.3. Physical Characteristics:

The Nubian goats is of large body size 70-75 cm at wither height, Shukria

ecotype up to 85cm . Weight of male 50-70kg, female 40-60 kg. Colour is

variable , black being the dominant with grey ears ,light marbling found in

some animals . Head is convexed with pronounced running nose and long

ears.

1.4 Reproductive Performance:

Age at first oestrus is 213.2 days ,kidding interval 228 ± 1 7 days in Sudan

6-8 months in Egypt. Multiple births: fairly prolific with high proportion

of twin births; 66.1% single, 30.4 % twin ,3.5 % triplet. In Egypt about

90% of does lambing had multiple litter size 1.38kg,.1.40kgin Sudan.

Oestrus cycle 4-30 days with heat lasting 12-48 hours; oetrus throughout

the year with peaks in January, June and September and least activity in

August and November in Sudan. Ovulation rate 2.67 and 2.53 in two years

in Egypt (El-Naim 1979).

Gestation period 146.0 ± 1.1 days in Sudan; 156.5 ± 0.66 days in Egypt.

Post partum anoestrus , 123.5 days following 84 days suckling in Egypt.

(Suliman and Elshafei 1984)

1.1.5. Growth :

Birth weight 2.96 ± 0.07 kg : males 2.5 ± 0.5kg, females 2.1 ± 0 . 3 ,

Males 22.2 kg at 12 month age , female ,18.6 kg. Average daily gain 1-4



weeks males 60 g , females 70 g; 5-10 weeks males 60 g females 50 g; 11-20

weeks males 30g, females 50g, 21- 28 weeks males 90g, females 60g.

1.1.6. Milk :

Lactation length of Sudanese Nubian goats 147 days , yield 1.5 -2.0 kg per

day ,150-200 kg per lactation .

Milk composition : Total solids 10.5-13.0% , fat 2.9-3.5 % , solids not fat

7.7 % , protein 3.1-3.9 % , lactose 4.7 % , ash 0.85-0.88 % , mineral

content generally high Ca : 30.2 , P : 13.4, Mg : 3.1 , Na : 2.4 , K : 14.0

mg/g DM .Cu : 6.3 , Zn : 55.3 , Fe : 6.1 mg/g DM .

Information about normal plasma levels of minerals , excessive , or toxic

levels are useful in identification of nutritional problems and their

treatment.

The aim of this study is to investigate the effect of age ,and physiological

status on the plasma levels of trace minerals Zinc (Zn) and Copper (Cu) in

dairy goats .



CHAPTER TWO

LITERATURE REVIEW

2.1 Physiology of Minerals

The blood of an animal is known to regulate electrolytes concentration

both through blood cells and its fluid component, the extracellular fluid

include water , electrolytes, proteins, glucose, enzymes and hormones. The

maintenance of the uniformity and stability of this extracellular fluid is called

homeostasis which could be maintained by physiological processes such as

diffusion , pressure gradient, concentration gradients , active transport and by

nervous and endocrine systems. (Virgil and Melvin, 1970).

All forms of living matter require minerals for their normal life processes

in elemental or in compound forms. However, some elements serve

specific role, such as iodine ( I ) in thyroxine and cobalt (Co) as an integral

part of vitamin Bi2. Cu , Co , I , deficiencies in the soil and flora in certain

areas of the world have been observed to lead to deficiencies of these

elements in domestic animals, also excess of selenium (Se) in the soil may result

in levels in plant which are toxic to animal (Underwood ,1977).

Until 1960 it was concluded that there were 16 elements required by

animals Ca, P, K, Na, Cl, S, Mg as major, Co, I, Fe,

(Iron) , Cu (Copper) , Zn (Zinc) Mn (Manganese) , Se (Selenium) ,

Cr (Chromium) as trace elements. These elements were identified between

1930 - 1959 (Underwood , 1977). Then in early 1970's five more were

identified these are Sn (tin) Ni (nickel), V ( Vanadium), F (Fluorine), Si (Silicon)

(Virgil and Melvin, 1970). Moreover, there is limited evidence that the



following are possible required elements : Al (Aluminum), As (Arsenic) ,

Cd (Cadmium) , B (Boron) , Br (Bromine) , Pb (Lead) , Li ( Lithium)

(Underwood, 1977).

Trace elements function as activators of enzyme systems or as constituents

of organic compounds. Many complex interactions have been identified

among and between trace minerals ,between and among trace and

macromineral elements , and between trace minerals and vitamins.

Regional distribution of some trace minerals in soils has been described

(Kubota , 1980). Such information is useful in identifying problem areas

for trace mineral deficiencies and excesses in animals and humans. Trace

mineral most likely to be deficient in animals fed common feed stuffs are

Fe , Mn , Co (required as a constituent of vitamin B12) , I (supplied easily

as ionized salt) Zn (requirement increase by high dietary Ca) Cu (only in

regions where soil Mo is high) and Se (only in regions where soil Se is

low). (Underwood et al. , 1935).

2.2. Zinc (Zn) :

2.2.1. Distribution and Functions :

Zn is widely distributed in body tissues , with higher concentration in liver,

bone , kidney , muscle , pancreas ,eye , prostate gland , skin , hair and

wool. Deficient animals retain more 65Zn in skin , testes , scrotum , kidney,

muscle , heart , lung and spleen than normal animal. Zn is a functional

component of several enzyme systems including carbonic anhydrase ,

carboxy-peptidases , A and B , alkaline phosphates several dehydrog-

enases, ribonuclease , and DNA polymerase . Carbonic anhydrase is

present in erythrocytes , kidney tubules , gastrointestinal mucosa and

glandular epithelium ( virgil et al. , 1970 ).



An important function of Zinc is an enzymatic system necessary for the

growth of germinal and somatic cells ,also Zn is important in the

maturation of spermatozoa(Underwood et ai, 1969). Zinc is found in the

pancreas and is secreted into pancreatic juice . The addition of Zn to

insulin delays the physiological action of insulin , and prolongs the

hypoglycemia. At one time Zn is thought to be an integral part of insulin

molecule ( Sanger, 1959 ). Tissue distribution of Zn is associated with the

tissue distribution of enzyme systems to which it is related (Doyle et al. ,

1978).

2.2.2, Zinc Metabolism :

Absorption of Zn from the gastrointestinal tract occur throughout the small

intestine and amounts to 5-40% of intake. Regulation of the Zn absorption

occurs in the intestinal cells (Furugouri, 1978 ).

Metabolism of trace elements is subject to certain mechanisms of

homeostatic regulation , and the supply status of Zinc has definite effect on

its respective extent of intestinal absorption , retention and intestinal

excretion ( Kirchgessner, 1976 ). Experimental studies showed that there

was an increase in intestinal absorption and retention , and a decrease in

turnover rate and endogenous excretion of zinc in response to deficient

dietary intake (Kirchgessner , and Schwarz ,1976 ) .

Transfer of Zn out of the intestinal mucosal cells to the Plasma is

controlled closely by metallothionein , a low molecular weight binding

protein which is synthesized in response to a rise in plasma Zn

concentration. Thus the overall process of Zn absorption appears to be

regulated by intracellular compartmentalization as well as by endogenous



secretion of Zn in excess of immediate metabolic needs from the intestinal

tract lumen (Solomon and Cousins, 1983 ).

The absorption of Zn is affected adversely by high dietary Ca

concentration , and the presence of phytate further aggravates it. The

complexing of Zn by phytate forms an insoluble and unabsorbable

compound and is one mechanism whereby Zn availability to animals is

reduced. A chelating agent , ethylene diamine tetra acetate or EDTA,

improves Zn availability by competing with phytate to form an EDTA-Zn

commplex that allows absorption of Zn either as free ion or as EDTA-Zn

complex (Furugouri , 1978). The presence of low molecular weight

binding ligands such as histidine and cystine in feed stuffs such as

soyabean meal and corn was found decrease Zn-availability

(Furugouri,1978).

Although some research suggested a role for picolinic acid in enhancing

Zn absorption , the reports had not been incorroprated by others. Diet

containing similar amounts of Zn may produce a variable incidence of

parakeratosis (a thickening of epithelial cells of the skin and oesphagus as

a result of Zn deficiency) in swine and variable weight gain in chicks and

rats (Solomon and Cousins, 1983).

Phosphate also binds Zn and may be a factor in the observed differences

among protien sources in Zn availability. Zn is removed from the blood

rapidly by the tissues , and tissues saturated with Zn (muscle) translocate

Zn to unsaturated tissues (liver , pancrease , and kidney). Saturated tissues

were characterized by no net change in Zn content , and unsaturated

tissues showed a marked increase in Zn content (Pekas , 1968). Fecal Zn

in animals on an adequate Zn intake includes both unabsorbed and



endogenously secreted Zn. The pancreatic juice appears to be the main

route of excretion of endogenous Zn (Prasad et al. , 1969).

Endogenous losses are reduced during deitary Zn deficiency, serving to

conserve body stores. Except in abnormal conditions such as nephrosis

(kidny disorders) or hypertension (rise in the blood pressure) , urinary

losses of Zn are very low. Excertion can be increased 10 fold by

administration of EDTA. Placental transfer of Zn is related directly to

maternal dietary intake (Underwood, 1977).

In animals that sweat freely , Zn loss by this route can be extensive in hot

environments. Prasad et al., (1969) showed that humans may lose 5 mg

Zn/day on a diet adequate in Zn ; Zn-deficient individuals lose less than

half they can lose when its Zn-normal under the same environmental

conditions , again illustrating the homeostatic control of body Zn stores.

Marked fluctuations in liver Zn content may occur in response to varied Zn

intake. Zn in excess of current needs is bound in the liver to

metallothionein , which as in the intestinal cells , is synthesized in

response to a rise in plasma Zn. Glucocorticoids cause liver to accumulate

Zn with a concomitant decrease in plasma Zn.

2.2.3. Signs of Deficiency :

The most common sign of Zn deficiency is growth retardation and

anorexia (loss of appetite) in all species studied and a reduction in plasma

alkaline phosphatase activity and in plasma Zn concentration .Thickening

or hyperkeratinization of the epithelial cells is common (parakeratosis in

swine) ; goats like cattle show parakeratosis, increased bacteria in the



mouth , stiffiness of joints with swelling of feet and horn over growth ,

excessive salivation ,small testicles and no libido (Haenlein 1980).

Zn deficiency retards bone formation and is associated with reduced

division and proliferation of cartilage cells in the epiphyseal growth plate

(Levander et al., 1980). In the Zn deficient animal bone alkaline phosphate

is reduced , bone density is depressed and Zn content of bone and of liver

are reduced (Levander and cheng, 1980).

Zn deficiency causes impairment of glucose tolerance in rats supporting

the known relationship between Zn and insulin .The glucose intolerance is

not related to blood insulin concentration,but to peripheral resistance to

insulin action (Sanger et al. , 1959).

2.2.4. Toxicity :

Although the requirement for most species is less than 50 mg /kg of diet,

levels of 1-2.5 g/kg have been fed to rats with no deleterious effects.

Prasad et al., (1969 ) observed anemia , growth failure and death in rats

fed 1 % Zn , although lower levels (0.7%) allowed life but induced anemia

and reduced growth. Zn fed at 1 g/kg showed no ill-effects in pigs , but

levels of 4 and 8 g/kg produced depressed growth , stiffiness ,

hemorrhages around bone joints and excessive bone resorption.

(Hsu et al., 1975) ; Sheep and cattle are less tolerant to high Zn

concentration. Levels of 0.9 - 1.7 g/kg produced depressed appetite

manifested by wood- chewing and excessive consumption of mineral

supplements. The lower tolerance of ruminant to high dietary Zn may be

related to changes in rumen metabolism brought by a toxic effect of Zn on

rumen microflora (Hamilton et al., 1979 ) .
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Because anemia produced by excess Zn can be prevented by extra Cu and

Fe , it has been suggested that anemia is induced by Cu and Fe deficiency

as a result of interference with their absorpation from the gastrointestinal

tract in the presence of high Zn levels (Hamilton et al, 1979). No adverse

effect occured when dietary Zn concentration was below 600 ppm . Many

factors influence Zn toxicity ; dietary Pb , Cu deficiency and marginal Se

intake, while low Ca intake exacerbate it. Soya bean protein appears to

protect againist excess Zn compared with casein , perhaps due to its

phytate conent ( NRC 1974 , 1980 ) .

2.3. Copper (Cu)

2.3.1. Distribution and Functions :-

In most species highest concentration of Cu is found in the liver, brain ,

kidneys, heart, pigmented part of the eye , and hair or wool; Intermediate

concentration in pancreas , spleen , muscles , skin and bone. Thyroid,

pituitary , prostate and thymus are lowest. Concentration of Cu in tissues

is highly variabl within and among species . Young animals have higher

concentrations of Cu in their tissues than adults , and dietary content

intake has an important effect on the Cu content of liver and blood. Cu in

blood is 90% associated with the a2 - globulin , ceruloplasmin and 10% in

the red blood cells as erythrocuprein (Underwood et al. , 1977).

Copper is an integral part of cytochrome (Okunuki et al. , 1958 ; Griffiths

and Warton , 1961), it appears that Cu functions in the cytochrome is the

same way as iron , that is through the mechanism of a change in valence.

The enzymes tyrosinase , ferorroxidase , ascorbic acid oxidase ,

cytochrome oxidase , plasma monoamine oxidase , ceruloplasmin and



11

unease contain copper and their activity is dependant on this element

(Allen and Bodine , 1941 ; Dessler and Dawson , 1960 ).

Cu is required for the activity of enzymes associated with Fe metabolism,

elastine and collagen formation , melanin production and integrity of the

central nervous system. It is required for normal red blood cells formation

(haematopoiesis) , apparently by allowing normal Fe absorption from the

gastrointestinal tract and release of Fe from the both reticuloendothelial

system and the liver parenchymal cells to the blood plasma (O'-Dell, 1976 ).

This function appears to be related to the required oxidation of Fe from

the ferrous to ferric state for its transfer from tissue to plasma.

Ceruloplasmin is the Cu- containing enzyme required for this oxidation.

Cu is required for nonnal bone formation by promoting structural integrity

of bone collagen and for normal elastin formation in the aorta and the

remainder of cardiovascular system. This appears to be related to the

presence of Cu in lysyl oxidase , the enzymes required for removal of the

epsilon aminogroup of lysine in the normal formation of desmosine and

isodesmosine , key cross- linkage groups in elastin. Cu is required for

normal myelination of the brain cells and spinal cord as a component of

the enzyme cytochrome oxidase which is essential for myelin formation

(O'Dell, 1976).

2.3.2. Metabolism :

Site of Cu absrption from the gastrointestinal tract varies among species in

the dog , it is absorbed mainly from the jejunum, in humans from the

duodenum , in the rat from the small intestine and colon . Degree of

absorption is also variable , exceeding 30% in humans , but less in other

species. A Cu- binding protein has been found in the duodenal epithelial
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cells of the chick , which plays a part in Cu absorption. The pH of the

intestinal contents affects absorption , Ca salts reduce Cu absorption by

raising pH. Absorption is also affected by other elements , ferrous sulphide

reduces Cu absorption by forming insoluble CuS, Hg (Mercury), Mo

(Molebdenum) , Cd (Cadmium) and Zn all reduce Cu- absorption.

(Underwood, 1977).

Some forms of copper are absorped more readily than others, cupric

sulfate is more readily absorbed than cupric sulfide , cupric nitrate

chloride , and carbonate are more readily absorbed than cuprous oxide.

Metalic copper is very poorly absorbed ( NRC 1980 ).

Absorbed Cu is loosely bound to plasma albumin and is distributed to the

tissues and taken up by the bone marrow in red blood cells formation

where it is present partly as erythrocuprein. Cu reaching the liver is taken

up by parenchyma! cells and stored or released to the plasma as Cu-

albumin and in larger quantities as a component of ceruloplasmin or is

used for synthesis of a large array of Cu-containing enzymes and other

Cu-containing proteins ( NRC , 1977 )

Bile is the major pathway of Cu excretion . Smaller amounts are lost in

intestinal cells and pancreatic secretions, urine and negligable amounts in

sweat. Radioactive copper studies indicated the main source of uninary Cu

is the one which is loosely bound to albumin in the plasma (NRC 1980 ).
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2.3.3. Signs of Deficiency :

Symptoms of Cu deficiency in goats include skeletal damages in the front

legs , reduced weight gain , and copper content of brain is 45% of normal

(Anke et al. , 1973). Other organs also had lower Cu contens including

liver , blood serum , hair , testes , and heart. Cadmium and Sulpher are

considered metabolically antagonistic to Copper. Cadmium acts by

blocking the protein necessary for copper absorption,thus causing low

contents of copper in the liver (Henning et al., 1974).

Blood Cu levels below 0.2 mg/L result in interference with normal

haematopoiesis and anemia. The anemia is hypochromic and microcytic in

some species (rat, rabbit, pig) but in some it is hypochromic- macrocytic

(cattle , sheep). Cu deficiency shortens red blood cells (RBCs) life span

and reduces Fe absorption and utilization. Thus , the anemia appears to be

related in part to a direct effect on RBCs formation arising from the need

for Cu as a component of RBCs and in part to an indirect effect on RBCs

formation arising from the need for Cu as a component of RBCs and still

in other part to an indirect effect related to the reduced ceruloplasmin

concentration of plasma which in this way reduces Fe absorption and

utilization (Hurley , 1976 ).

Enzootic neonatal ataxia (muscle disorder or paralysis) observed in lambs

with deficiency coupled with high intakes of Mo and S. Degeneration and

failure in myelination of the nerve cells of the brain and spinal cord are the

basis for the observed nervous disorder (Hurley, 1976 ). Cu deficiency

was found to cause aortic rupture in turkey poults ( Cooke , 1983).
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2.3.4. Toxicity :

Haemoglobinuria (releasing haemoglobin into the plasma caused by

protozoa, toxins, or chemical agents), jaundice and tissue necrosis have

been observed in calves fed a milk substitute containing 115 ppm Cu.

Death of sheep , with accompanying haemoglobinuria from excess Cu has

been reported on pasture because of continued free-choice consumption

with a trace mineral salt mixture containing the recomended Cu level.

(Braude , 1967). Underwood (1977) repored that copper toxicity occurrs

in sheep when the Cu content of soil and pasture is high , when Mo of

plant is low , or when liver damage from consumption of certain poisonous

plants predisposes to Cu poisoning by decreasing the ability of the liver to

dispose Cu. Signs of toxicity vary from a slight growth depression and

mild anaemia to sudden death accompanied by liver damage and

hemorrhage (Braude , 1967). Death losses with 250 ppm Cu are believed

not to be the result of inadequate feed mixing, as only isolated cases of

such toxicity have been reported (Gipp et al. , 1973).

Levels of 425 ppm Cu produced marked anaemia , and liver damage.

Gipp et al. (1973) reported reduced liver Fe , and mean corpuscular

volume , and haemoglobin concentration in growing pigs fed a

semipurified diet containing 250 ppm of Cu . Probably the interaction

between Cu and Fe and the effect of protein source on Cu toxicity both are

related to effects on absorpation of Cu and Fe from the gastrointestinal tract

(NRC,1980).

Metabolic Cu intoxication in humans is a well known pathological

condition termed Wilson's disease. The primary defect is thought to be
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failure of the liver to remove albumin-bound Cu from the plasma for

incorporation into ceruloplasmin , because of genetically controlled

absence of the necessary liver-enzyme system. The result is accumulation

of liver Cu , renal damage , reduced plasma ceruloplasmin , and elevated

levels of Cu in the brain and kidney.

2.4. Influence of Dietary Contents on Mineral Concentration :

2.4.1. Copper :

In 10 apparently healthy goats kept under conditions where anaemia is

common and where animals were allowed only natural grazing, clinical

signs developed within 120 days. In 5 similar animals maintained on

concentrates , with added vitamins and trace mineral supplements in

addition to grazing , there were only marginal fluctuations in the

haematological profiles measured. 5 animals were treated by the

administration of ferric sulphate , copper sulphate and cobalt sulphate

(lOmg) for 10 days. Compared with the control animals not given the feed

supplements the treated animals responded well with a progressive return

to normal (Sarkar et al. , 1991). The process of hair pigmentation is

extremely sensitive to Cu. Levels of dietary Cu that fail to produce

anaemia, nerve damage , or bone change can produce pigmentation failure

in the wool of black sheep or in the hair of pigmented cattle.

Achromotrichia (loss of hair pigmentation) can be produced in wool in

alternating bands by feeding a Cu-deficient or Cu-adequate diet to sheep in

alternating intervals. Blockage of the pigmentation process is achieved

within two days by feeding Mo and inorganic sulphate to sheep in the

presence of marginal Cu. Presumably , the effect of Cu deprivation on

pigmentation was related to its role in conversion of tyrosine to melanin

(Cooke, 1983).
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There is wide variation of Cu content in plants (legumes have higher

concentrations than grasses) and in the bioavailability of their Cu.

Therefore , Cu concentration alone may be of little nutritional significance

(Cook , 1983). Plants such as lupin and Heliotropium europium which

contain toxic alkaloids produce Cu toxicity in ruminants by imparing

hepatic capacity to metabolize ingested Cu (Underwood, 1977 ; NRC , 1980).

Much research has been done on supplementation of growing swine diets

with high levels of Cu since the report by Braude (1967) of improved

growth rate with 250 ppm Cu added to practical diet

Gipp el al. (1973) observed reduced liver Fe and mean corpuscular

volume and haemoglobin concentration in growing pigs fed a semipurifled

diet containing 250ppm of Cu. These changes were prevented by feeding

extra Fe indicating an induced Fe deficiency. The source of protein is an

important factor in the response to added copper , milk protein is

associated with more severe anaemia and growth depression than

soyabean protein. Variations among animals in Cu toxicity probably are

related in part to differences in dietary levels of S , Mo , Fe , Se and Zn

(NRC, 1980).

2.4.2. Zinc :

Male goats at 9 month of age developed deficienceis on a diet of 4 ppm

Zn in 5 weeks (Neathery el al. , 1973). Adult female goats on a diet of 6 to

7 ppm Zn did not develop signs of zinc deficiency until they were

lactating. Milk production was not affected , but zinc content of milk was

reduced by 50% (Neathery et al, 1973).



Normally little zinc is available to the body except from that ingested in

-z. C2se 'A r.r.c defckccr*. Acccrdiaa xn "SRC i 1979) ZJL must: be

the suggested requirement for dairy cows per day is 40ppm Zn.

2.5. The Effect of the Physiological Status of the Animals on the

Plasma Mineral Cocentration:

Numerous factors affect mineral requirement of grazing ruminant including

sex, physiological status, age, level and chemical form of elements,

interelationship with other nutrients , level of mineral intake , breed,

adaptation , and level of productivity (McDowell et al. , 1977).

Neathery et al. (1973) reported that Zn deficiency in goat interfered with

the growth and function of reproductive male and female organs. Normally

high concentrations of zinc are in the prostate , semen and epididymis , but

sperm motility appeared to be not affected by zinc status. Libido of male

goats was observed to be depressed when zinc supply was subnormal.

Zn intake adequate for pregnant goats resulted in severe deficiency during

thier lactation indicating that lactaion increases zinc requirement

(Grassman , 1934) . Zinc defcient diet ( 6-7 ppm against 80 ppm) resulted

in weight loss in lactating goats and reduced feed consumption

(Grassman , 1934). Half of the Zn deficient goats died in the third month

of Lactation. Zinc contents of milk were depressed. Milk production was

reduced slightly while milk fat and protein contents were not affected.

Reproduction in females was not affected except for the delayed first

oestrus. Length of gestation , birth , and birth weights were not affected

(Grassmann, 1934).
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Male kids showed dwarfism. Half- year-old weighed 18 kg againist 32 kg

for normals (Grassmann, 1934). Asexual dimorphism for zinc requirement

was reported. Libido was absent and testes and scrotum were under

developed , semen qualities and quantities were not affected adversely by

Zn deficiency. Deleterious effects on testicles were reversible with Zn

supplementation (Haenlein, 1980).

Zinc deficient goats had fewer male twins than normal and showed

nervous behavior. Milk contained less zinc in deficient does. They refused

to eat , showed uncoordinated walk, had tetanus - like conditions , and

often cried ( Haenlein , 1980 ).

Feeding female rats Zn deficient diets during gestation resulted in high

early mortality as well as difficulty in parturition and abnonnal changes in

maternal behavior of the dams. The effect of Zn deficiency were aggravated

by intraperitoneal injection of EDTA in late pregnancy. EDTA increased Zn

excretion and was itself excreted rapidly. Sheep fed a Zn-deficient diet during

pregnancy and lactation showed reduced plasma and wool Zn and their lambs

were affected likewise at 6 weeks of age (Prasad et ai, 1969).

Zn deficiency has drastic effects on the male reproductive organs.

Hypogonadism (an under secretion of the gonads) was observed in Zn

deficient males of cattle , pigs and sheep studied (Prasad et al., 1969). In

humans , hypogonadism , suppressed development of secondary sex

characteristics and dwarfism have been observed in Iranian and Egyptian

young men. Recovery of testes size and sperm producation were

acheived in young animals repleted with Zn ( Prasad et al. , 1969).

Aruna and Arora. (1993) worked on 16 goats housed and fed on low
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Zinc (Zn 15 mg/kg) purified diet and wheat straw (control) supplemented

with Zn 65 mg/kg from zinc sulphate. Two goats developed clinical signs

of Zn-deficiency. Goats were killed periodically for collection of tissues ,

Zn in serum , Liver and testes were higher in supplemented groups

compared with the control.

Pregnancy is associated with increased plasma Cu in the form of

ceruloplasmin , apparently in response to elevated blood estrogen ( NRC ,

1980). Foetal death and resorption in rats , and reduced egg production

and haemorrhage and death of the embryos in poultry , had been shown to

be produced by Cu deficiency. Reproduction failure of cattle in Cu

deficient locations had also been reproted ( Cooke , 1983 ).

Birthe and Inger, (1976) studied the distribution of orally administered
65Zn between maternal and foetal organs in swine. The percentage of

absorbed 65Zn transfered to the foeto-placental unit tended to be highest in

zinc-deficient gilts. The greater the Liver zinc pool the more 65Zn was

accumulated in liver and the less in most other organs in both gilts and

foetuses. The gestation period was prolonged and parturition impaired in

gilts depleted of zinc late in pergnancy. Absorption of 65Zn in new born

pigs was unaffected by the Zn status , and the same pattern of distribution

among organs as in foetus was observed. Litter size and weight were not

influenced by maternal Zn depletion , and growth of surviving piglets was

normal. Zn stores were low in the newborn , but even when Zinc depletion

of the mother was continued during lactation , clinical symptoms of Zn

deficiency in the Piglets were not observed untill shortly before weaning.

Bhattacharyya et ai, (1995) studied circulatory levels of trace minerals at

different reproductive status in Assam goats (India), the serum
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concentrations of copper , zinc , and iron on the day of oestrus , during

early pregnancy (0-50 days ) , mid pregnancy (50-100 days ) , late

pregnancy (100-145 days) and in non- pregnant animals were studied. The

levels differed significantly among different stages of reproduction. The

copper concentration was significantly higer on the day of oestrus than

during the other stages of reproduction. Serum Zn level was significantly

higher in late pregnancy than in other stages.

Bhattacharyya and Baruah (1996 ) investigated the effect of seasonal

environments on serum microminerals in goats , and reported that the

circulating levels of copper , Zn and Fe during different seasons were

estimated in 40 indigenous Assam goats. Values for Cu, Zn , and Fe

were 1.80 , 0.91 and 4.0 mg/L in summer and 1.68 , 0.98 and 4.23 mg/L

in winter, respectively .
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CHAPTER THREE

MATERIALS AND METHODS

This study was conducted in Hillat Kuku at the Animal Production

Research Centre during February 1997. A pure flock of Nubian dairy goats

were kept under closed system management. Nutrition depended on

industrial agricultural byproducts and green fodder to improve animals

performance with minimum costs.

The type of feed offered consisted of roughage and concentrate in the

ratio 50 : 50 . The concentrate ingredients consisted of molasses ( 52% ),

wheat bran (39%), goundnut cake (5%), urea (3%), and common salt

(1%),. One kilo-gram (kg) of the roughage and 1 kg of conentrate were

offered daily . 1II kg alfaalfa forage was given twice a weak

3.1. Animals :

Sampling of animals took place according to the physiological

status into eight groups as follows :

The first group included animals between 4 - 6 month old, the second one

included animals between 9-12 month old, while the rest of the animals

were distributed according to their phsiological status into pregnant

(at first pregnancy), up to 50 days after first kidding, up to 50 days after

second kidding and up to 50 days after third kidding, then two extra

lactating groups were selected according to their milk yield (high or low).
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3.2. Blood Analysis :

Blood was taken by jugular venipuncture into clean hepranized

vacutainers. The plasma seperated was frozen to be used for the analysis

of Zn and Cu as described by Elmer (1982).

3.3. Determination of Zinc and Copper Concentration in Plasma

0.5ml of plasma was diluted with deionized water (4.5ml) in demineralized

test tubes and mixed. Final dilution factor was calculated to be 10. Zn and

Cu levels in plasma were determined using an atomic absorption

spectrophotometer (model 2380 , Perkin Elmer Corporation).

According to Elmer (1982) linear rang (LR) is the maximum concentration

of Zn or Cu in a standard solution that gives linear relationship when

represented graphically with Zn or Cu absorbance read by the

spectrophotometer. In this case the different combination between the

concentration of Zn or Cu in the standard solution and their absorbance

give equal ratios at any point, therefore :

£ i - £ 2
A, A2

Ci : concentration of Zn or Cu in standard solution.

C2 : concentration of Zn or Cu in prepared solution.

Ai : Absorbance of Zn or Cu in standard solution .

A2 : Absorbance of Zn or Cu in prepared solution .

therefore „ Ci x A2C2 - ~~— =mg/L
A
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3.4. Statistical Methods :

For the purpose of this study , randomized complete block design was

used as a sampling technique , using the analysis of variance procedure

(ANOVA) to test the overall significance of the model. Mean separations

were examined by Duncan's multiple range test to detect statistical

significance between the different groups with different physiological

status .(Thomas et al. , 1978).

3.5. Feed Analysis :

3.5.1. Chemical Analysis of Feeds:

The results of chemical feed analysis were taken from the records of Hillat

Kuku Animal Production Research Centre , while the results of feed

analysis for Zn and Cu were done by using an Atomic absorbtion

according to the method of Osborn and Voogt (1978) Table 1 .
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Table 1 : Chemical analysis of feeds on dry matter basis.

Chemical analysis

DM. %

Ash%

Crude protein %

Crude Fibre%

Ether Extract %

Nitrogen Free Extract %

Zn mg/kg

** Cu mg/kg

Concentrate

88.4

6.2

19.6

4.26

2.12

56.22

4.5

5.94

Sorghum Straw

95.63

7.88

5.81

39.00

0.25

40.79

0.62

1.25

* Total daily Zn intake = 4.5 + 0.62 = 5.12 mg

** Total daily Cu intake = 5.94 + 1.25 = 7.19 mg
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3.5.2. Sample Preparation:-

Two grams of feed sample were placed in a porcelain dish, then placed in

a cold furnace , brought to 550°C , maintained for 4 hours and cooled .

1 Omls of 3N HCL were added , the samples were covered with a watch

glass and boiled gently for 10 minutes in a sand bath. The boiled solution

was cooled down , filtered into 50ml - volumetric flask,and diluted to

volume with deionized water.

3.5.3. Zn,and Cu determination:-

Zn and Cu concentrations (mg/kg) were determined in both roughage and

concentrate feeds using atomic absorption as follows:

Zn or Cu mg/kg feed =

Zn orCu concentration in solutionfmg/U x volume of the solution(rnl)

weight of the sample (g)
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CHAPTER FOUR

RESULTS

4.1. Plasma Zinc Level:

The range of concentrations of Plasma zinc (Zn) and the overall mean with

standard error are shown in Table 2. Zn concentration showed clear

variation between the eight groups under study , also the minimum and

maximum values for plasma Zn concentration showed slight differences

among the different groups.

4.1.1. Effect of Age on Plasma Zinc Concentration

The group of young goats (4 - 6 months old ) showed higher plasma zinc

concentration , than the adult goats (9-12 month old ).

4.1.2. Effect of Physiological Status on Plasma Zinc Concentration :

The plasma zinc concentration seemed to increase at first pregnancy , then

continued to increase through the subsequent status after first, second ,

and third kidding. But a marked decrease was shown in the low lactating

group ( early lactation ) , while the lactating group showed the highest Zn

level compared to the other groups.

The variation in plasma Zn levels was shown in Figure 1. A steady

increase in serum Zn level could be observed from first pregnancy and up

through third kidding. Highest levels were observed in the high lactating

group while the lowest were observed in the 9-12 months of age group.
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Table 2 :

The average values of animals ( ± S.E ) and ranges for plasma zinc

(mg/L) according to the different age group , of Nubian goats.

Animal

4 - 6 Month old

9 - 12 Month old

Pregnant

After 1st Kidding

After 2nd Kidding

After 3rd Kidding

Low Lactating

High Lactating

Overall

2.56

1.12

1.88

2.43

3.69

3.91

2.00

6.59

mean ± S E

^±0 .28
d±0.41
0 ± 0.69

** ± 0.62
b±0.70
b±0.70
c±070
a±2.00

Min

2.36

0.91

1.48

2.13

3.49

3.91

1.80

5.89

Range

Max

2.86

1.15

2.14

2.62

4.07

4.45

2.40

7.38

values are means of - animals ± SE

a, b, c, d, values with different superscript are significant at p <o.l
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4.2. Plasma Copper Level:

The range of concentrations of plasma copper (Cu) and overall mean with

standard error are shown in Table 3. Cu maximum levels showed similarity

between four of the eight groups which were the mature (9-12 month ) ,

first pregnancy , after second kidding and after third kidding. While the

young animals ( 4 - 6 month) and those in their first kidding showed the

same maximum values of Cu concentration.

Low and high lactating groups showed the same levels for maximum and

minimum values. The minimum values of Cu were similar in the mature ,

pregnant and after first kidding , while the overall means of Cu were

similar between the groups of young animals and after third kidding.

4.2.1. The Effect of Age on Plasma Copper Concentration :

The young goats showed lower plasma copper concentration than the adult

goats.

4.2.2. The Effect of Physiological Status on Plasma Copper Concentration:

The plasma Cu concentration showed variations between the different

groups. It increased with similar levels during first pregnancy , after

second kidding and after third kidding , but decreased after first kidding.

The high and low lactating groups showed no significant difference in Cu

levels but represented the lowest values of Cu concentration in comparison

to other groups as shown in Figure 2.
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Table 3

The average values ( ± S E ) and ranges for plasma copper (mg/L)

according to the different age groups , of the Nubian goats.

Animal

4 - 6 Month old

9 - 12 Month old

1st Pregnancy

After 1st kidding

After 2nd kidding

After 3rd kidding

low lactating

High lcatating

Overall

3.17

4.25

5.13

4.31

5.11

5.01

2.71

2.70

mean + SE

c±2.58
b± 1.86
a±1.40
b±1.41

a ±1.21
a ±1.20

c ± 1.30
c ± 1.30

Min

2.27

3.36

3.41

3.40

4.61

4.60

2.31

2.29

Range

Max

4.58

5.55

5.62

4.62

5.47

5.45

3.42

3.41

values are means of - animals ± S E

a, b, c, values with different superscript are significant at p < o. 1
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CHAPTER FIVE

Discussion and conclusion

The plasma Zn level was found to be high in the young animals compared

to the mature ones , This could be related to high Zn-bining enzymes

necessary for growth and development in the young animals. Enzymes

such as carbonic anhydrase which are necessary for the growth of

germinal and somatic cells ( Underwood , 1977 ), also carboxypeptidases ,

together with alkaline phosphatase are necessary for bone farmation

(Virgil and Melvin, 1970 ).

In this study the The plasma Zn level was found to be higher in the

pregnant animals compared to the mature non pregnant animals. This could

be explained by the excessive requirement by the pregnant animal to

supply the foetus with sufficient amount of Zinc without mobilizing it's

own body stores (Mehta and Gangwar, 1983 ). The higher levels of Zn in

the pregnant animals than in mature non pregnant might be due to the

increased concentration of enzyme carbonic anhydrase in the pregnant

animals (Mehta and Gangwar, 1983 )

In the current study the plasma Zn level increased gradually from first to

second and third kidding , according to Hurly (1973) the increase in Zn-

level after parturition could partly be caused by Zn being released during

involution of the uterus.

Ben-Ghedalia (1994) stated that apparent absorption of Zn is higher and

more consistant for lactating ruminants in comparison to non-lactating

ruminants due to factors such as liver reserves and milk production.
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In this study plasma Zn-level was higher in the high yielding lactating

group than in the low ones which indicated the highest requirement of the

lactating animals to Zn (Grassman, 1934). The present results also showed

higher Zn concentrations of the lactating groups compared to pregnant

ones which reflected the low absorption capacity of the pregnant animals

to Zn compared with the lactating ones (Ben - Ghedalia , 1994).

In this study plasma Cu concentration was found to increase with age ,

similarly Scheingberg et al. (1954) observed distinctly low plasma Cu

levels in the newborn than adult life. The increase in Cu - levels with age

could be related to the higher concentrations of circulating oestrogen in the

mature animals as a consequence of the oestrus cycle (Desai et al. , 1978).

In this context , Cu level could be utilized as an indicator of pituitary

gonadotrophins and gonadal steroids levels.

Pregnancy is associated with increased plasma Cu in the form of

ceruloplasmin enzyme apparently in response to elevated blood estrogen

(NCR , 1980). The administration of oestradiole or testosterone in humans

(Johnson et al. , 1959) , and of oestrogen or progesterone in rat (Sato and

Henkin , 1973) increased plasma copper levels.

In the current study Cu concentration in the plasma increased during

pregnancy. This could either be related to the high progesterone level

(Sato and Henkin , 1979) or to the foetus demand and utilization of

maternal Cu for the development of the nervous system (Hidiroglou and

Knipfel, 1981).

In the present study plasma Cu concentration increased with age and was

found to be higher in the pregnant and kidded groups than the young ones.

Similarly Sheigberg et al. (1954) observed higer Cu concentration in the
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blood plasma of mature animals than the young ones and related this to the

relatively low concentration of ceruloplasmin content in the young animals.

Ben-Gedalia (1994) observed that lactating ruminants showed higher

plasma Cu than non lactating ruminants , while Adelstein et al. (1962)

related the low plasma Cu level in lactating animals to the small role of Cu

in milk formulation and to the fact that some Cu could be stored in the

liver before being excreted in milk. In the present study the plasma Cu

levels showed lower values in the lactating animals in comparison to Zn

levels in the same animals , which was in agreement with the findings of

Adelstein and Vallee (1962).

In this study the plasma Cu levels showed similar values in both high and

low yielders. This similarity in Cu levels could be attributed to the diet

effect. The type of diet was kept consistant throughout the experimental

period. According to Underwood (1969) the variation in plasma levels in

ruminants could be attributed to the differences in the diet.
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Conclusion

The plasma Zn was found to show significant difference through the

different age groups of Nubian goats. This variation could be attributed to

the different effects of Zn on growth and development , on milk

constituent, and on the involution of the uterus following parturition.

The plasma Cu showed significant defference between the pregnant, up to

50 days after second kidding , and up to 50 days after third kidding groups

in one side and the other age groups in the other side , while showed no

significant differences between the lactating groups (low and high yeilders.

Plasma Cu found to increase with age and during pregnancy as the

circulating estrogen increased , but showed similarity between the different

kidding. Also plasma Cu showed low levels in the lactating animals in

comparison to plasma Zn levels which reflected the small effect of Cu in

milk compared to that of Zn.
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