Bas.J.Vet.Res.Vol.1,No.1.2014.

EVALUATION OF SOME MINERAL IN SHEEP IN BASRA

Bahjah ghassan Israa abdul wadood

Internal and Preventive Medicine ,Collage of Veterinary Medicine ,Univrsity of

Basrah,Basrah, Iraq.
(Received 7 January 2014 , Accepted 20 january 2014)

Keywords; Sheep , Mineral, Copper

ABSTRACT

The present study was conducted in Basra province to evaluate of some
minerals (copper,, zinc and cobalt) in sheep. The study constituent examination of
1400 sheep and 200 of it showed sings of mineral deficiency and 25 as a control, the
study include: clinical, hematological examination, and level of serum(copper, zinc,
and cobalt).

A number of 200 (14.2%) sheep revealed a clinical signs of mineral
deficiency from total of (1400) sheep which were clinically examined in this study,
And the study showed that the values of copper, zinc, and cobalt in serum were
significantly low (0.15+£0.03ppm, 0.73+0.35ppm, 0.57+0.12ppm). and the most
important clinical signs presented by alopecia (47.5 %), parakiratosis (18%), diarrhea
(11.5%), pale mucous membrane (49%), lacrimation (6%), ataxia (4%).

Also the study reveal that the body temperature within normal (39.47+0.33 C°), but
increase of pulse rate, and respiratory rate in affected animals were (90.48+
4.53\Min, 33.994+0.29 \Min) respectively.

And the study showed that the RBCc of affected sheep significantly low
(6.57+0.10 *10%ml), also the PCV, Hb, MCV, MCH, were significantly low
(19.75+0.24 %, 6.88+0.11 g/L, 31.07+0.49 fl, 11.06+0.53 pg) respectively, whereas
MCHC in affected sheep was significantly high (34.92+0.45 %) and the mean of
WBCc of affected sheep were(6.43+0.1110%/ml) and there is no significant different

when compared with control.

INTRODUCTION

Living organism need mineral as well as essential nutritional element to

continue their normal development (1). In number of diagnostic situation, analyzing
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for trace minerals have been fruitful in determining potential sources of herd disease
problems and should be considered in appropriate situation (2).

Copper is an essential nutrient in sheep, readily available in the diet and rapidly
absorbed through the stomach and duodenum. And when it in corporate into specific
cuproenzymes, copper serves as a critical cofactor, catalyzing. The facile electron
transfer reactions required for cellular respiration, iron oxidation, pigment formation,
neurotransmitter biosynthesis, antioxidant defense, peptide amidation, and
connective tissue formation (3).Copper deficiency induced hypo chromic macrocytic
anemia (4).

Zinc essential for the function of more than 200 enzymes, zinc containing
enzymes are found in all of the major metabolic pathways involved in carbohydrate,
lipid, protein, and nucleic acid metabolism (5), zinc also plays a role in maintaining
hoof tissue through stimulation of growth of epithelial cells, production of keratin,
improved wound healing and improved cellular integrity (6).

Ratio of copper to zinc, potentially reflecting changes indicative of an acute phase
inflammatory response,(7, 8).

The trace element; cobalt is a dietary essential element for ruminants,
allowing synthesis of vitamine B12 is cofactore for two enzymes, methyl malonyl —
CO A mutase and methionine synthase. ruminant normally do not have any dietary
sours of vitamin B12 , therefore their supply of this vitamin has to be ensured by
continues adequate supply of dietary Co (9). Therefore, Vit.B deficiency can be
induced by long-term consumption of Co-inadequate diets.

The clinical signs of cobalt deficiency are non-specific but lambs are
particularly susceptible, exhibiting loss of appetite, growth retardation, debility,
emaciation and a watery discharge from the eyes(10). The present study conducted to
estimation clinical, hematological, and serum level of copper, zinc, and cobalt. In
ewes suspected to be suffer from copper, zinc, and cobalt deficiency in Basra

province.

MATERIAL AND METHODS
The study conducted in Basra province during 2013, the area of the study is
divided into north, east, west, and south region.
16 herds of sheep consisting of (1400 ) affected sheep were examined in Basra

province. Among these sheep a total of 200 sheep were suspected with mineral
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deficiency {north, east, west, and south} 50 animals from each area and 25 normal
sheep used as a control.
A clinical examination was performed on all sheep and included examination of the

body temperature, respiratory rate, heart rate and clinical Sings of deficiency.

Blood samples were taken with and without anticoagulant from the jugular vein for
hematological and trace element analysis.

Value of erythrocyte (RBCc), packed cell volume(PCV), hemoglobin(Hb),
and total leukocyte count(WBCc) according to (11) .
Serum samples were analyzed for copper, zinc and cobalt contents by using an
atomic absorption spectrophotometer. This technique was preferred because it was

rapid, simple and accurate.(12)

The absorbance of copper , zinc and Cobalt in standards and samples
solutions were measured by flame atomic absorption spectrophotometer (FAAS)

under conditions was described by (13) .

The significance of variation in the various values of sheep with mineral
deficiency and those of normal control sheep were analyzed statistically using SPSS

version 11.5, (14).
RESULT AND DISCUSSION

Body temperature, heart rate and respiratory rate were recorded in animals in
different area of the study, body temperature similar in both group (control and in
mineral deficiency animal), while respiratory and pulse rate high in affected animal

(90.48+4.53\Min, 33.99+0.29\Min) respectively Table (1).

127



Bas.J.Vet.Res.Vol.1,No.1.2014.

Table (1) : mean value of body temperature, heart rate and respiratory in sheep

affected with mineral deficiency.

Affected sheep in Basra province region
Affected
P t Control
arameters ontro sheep North East West South

Mean +SE Mean +SE Mean +SE Mean +SE Mean +SE Mean +SE
Temp.C° 39.45+ 0.80 | 39.47+0.33 39.47+0.63 39.47+£0.74 | 39.52+0.56 39.41+0.69
P.R. /Min 76.60+0.68 90.48+4.53 102.26+18.12 | 87.74+0.90 | 86.6+£0.69 85.32+0.95
R.R./ Min 28.76£1.07 33.99+0.29 34.42+0.47 33.98+0.80 | 34.32+0.48 33.26+0.52

There was no significant difference in temperature between control and
deficiency sheep, this generally occurs in chronic cases. the same finding were
recorded by(15, 16).

Respiratory and Pulse rates were higher in affected sheep than in control. this result
similar to result of (16, 17.)

Kusiluka & Kambarage (18) explained that the increase in respiratory and
pulse rates with mineral deficiency occur to compensate the hypoxia and anemia
which resulted from copper or zinc deficiency in order to support cells with oxygen
which effect from hypoxia because the decreased in RBCc , which appear as a pale
mucus membrane and the loss of natural light pink color as a result of anemia
associated with copper deficiency (19) .

Table (2) show the clinical signs in sheep which suspected suffer from some
miner deficiency alopecia (47.5 %), parakeratosis (18 %), diarrhea (11.5 %), pale

mucus membrane (49 %), lacrimation (6 %), ataxia (4 %).
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Table (2) Clinical signs of sheep affected with Cu, Zn and Co deficiency.

Sings No. of | (%) of Cu ppm Zn ppm Co ppm
affected | affected
Mean =+ SE | Mean +SE Mean +SE
sheep sheep
Alopecia 95 47.5 0.15+0.03 0.71+0.03 0.52+0.01
Parakeratosis | 36 18 0.1440.00 0.77+0.05 0.434+0.00
Diarrhea 23 11.5 0.13+0.00 0.77+0.06 0.39+0.00
pale M.M 98 49 0.15+0.00 0.73+0.03 0.56+0.01
Lacrimation 12 6 0.12+0.00 0.82+0.09 0.36+0.00
Ataxia 8 4 0.12+0.01 0.76+0.12 0.35+0.00

There were 200 (88.8%) animals showed the following clinical signs of
mineral deficiency ; alopecia , parakeratosis, diarrhea, pale mucous membranes,
lacrimation and ataxia. Similar signs were recorded by (20, 21, 1, 16).

Primarily, wool abnormalities were usually related to deficiency of copper, zinc and
cobalt (Church and Pond, 1988).

Alopecia and steely wool might attributed to defective keratinization. The
mechanism of alopecia in zinc deficient animal might be contributed to the reduction
of the follicular epithelium capacity to produce a fiber (22). Alopecia was the most
frequent sign in sheep with zinc deficiency.

Moreover, parakeratosis might be attributed to the importance of zinc as an
activator of some enzymes contributed in carbohydrate, lipids, protein and nucleic
acid metabolism (23, 24). The clinically observed parakeratosis and in some cases
hyperkeratosis are the main lesions. These pathological changes have been attributed

to the involvement of zinc with cell replication in the skin (25).

Diarrhea occurs when levels of copper, zinc and cobalt fall to (0.1340.00,

0.77+0.06, 0.39+0.00) respectively, (26,27).
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Diarrhea is usually a major clinical finding in secondary copper deficiency
associated with molybdenosis, and may occur due to the atrophy of intestinal villi.
The inhibitory role of copper in the regulation of intestinal motility leads to

disturbances in the gastrointestinal motility.

A number of affected group showed signs of enzootic ataxia when level of
minerals in serum was(0.12+0.01). Enzootic ataxia, lack of balance and atrophy of
hind legs with the evidence of the neurological signs of sheep were mentioned by
(28) and who discussed that the deficiency of copper in the diet causes a damage of
nerves due to its role in the synthesis of phospholieds, and it is due to deficient
myelination in the spinal cord, and there are also lesions in parts of the cerebral white
matter and brain stem (28).

Red blood cell of affected sheep were (6.57+0.10%106/ml); RBCc of affected
sheep in north of Basra were(6.75+0.25 *106/ml), in east(6.37+0.16 *106/ml), in
west(6.47+£0.22 *106/ml), and in south were (6.69+£0.20 *106/ml ). The RBCC was
significantly lower (p<0.05) in affected sheep than in control sheep , hemoglobin of
affected sheep were (6.88+0.11 g/L ), . The Hb of affected sheep in north of Basra
were (7.05+£0.27 g/L), in east (6.46+0.14 g/L) , in west (7.04+0.22 g/L) , and in south
(6.97£0.22 g/L) . Hb was significantly lower (p<0.05) in affected sheep than in
control ,and PCV of affected sheep were (19.75+0.24 % ), PCV of affected sheep
in north were (19.88+0.48 %) , in east (19.62+0.45 %) , in west (20.26+0.55 %) ,
and in south (19.244+0.42 %) , PCV was significantly lower (p<0.05) in affected

sheep than in control sheep.

WBCec of affected sheep were (6.43+0.11 *103/ml. ), the WBCc of affected ewes
in north of Basra were (6.55+0.20), in east (6.18+£0.22 ) , in west (6.33+£0.21 ), and in
south (6.67+£0.23) . from the study WBC was similar in control and sheep affected

with mineral deficiency, there was no significant variations (p>0.05) table (4)
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Table(4): Hematological values of normal control sheep &affected with minerals

Deficiency
Affected sheep in Basra province region
Parameters Control Affected North East West South
sheep
Mean +SE Mean+ SE Mean +SE | Meant+ SE | Mean +SE | Mean +SE
RBCc10%ml | 7.86+0.31 6.57£0.10 6.75+0.25 6.37£0.16 | 6.47+0.22 6.69+0.20
PCV.% 25.00+0.56 19.75+0.24 19.88+0.48 | 19.62+0.45 | 20.26+0.55 | 19.24+0.42
Hb g/L 8.86+0.33 6.88+0.11 7.05+0.27 6.46+0.14 7.04+0.22 6.97+0.22
WBCcl10*/ml | 6.72+0.19 6.43+0.11 6.55+0.20 6.18+0.22 6.33+£0.21 6.67+0.23

Table (5) reveal that the Mean corpusculare volume M CV of affected sheep
were (31.07£0.49 f1 ) , the MCV of affected sheep in north of Basra were
(30.60+£0.98 fl ), in east (31.55+0.94 f1) , in west (32.42+1.07 fl) , and in south
(29.72+0.94 f1) . .The MCV of affected sheep was significantly lower than control
sheep (p<0.05) .Also the Mean corpuscular hemoglobin MCH of affected sheep
were (11.68+0.53 pg ) . the MCH of affected sheep in north of Basra were
(10.59+£0.25pg ), in east (10.35+0.29 pg) , in west (11.06+= 0.33 pg ) ,and in south
(10.70+0.38 pg ) . The MCH of affected sheep was not significantly different than
control sheep (p>0.05).And the Mean corpuscular hemoglobin concentration (MCHC
of affected sheep were(34.92+0.45 %) . The MCHC of affected sheep in north of
Basra were (35.58+1.20 % ), in east (32.834+0.60 %) , in west (34.80+0.74 %) , and
in south (36.45+0.93 %) . The MCHC was significantly high (p>0.05) in total

affected sheep than in control sheep.
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Table (5) : RBC indices of control sheep &affected with minerals deficiency

Affected Affected sheep in Basra province region
Parameter Control sheep North East West South
s Mean+ SE Mean+ SE Mean =SE Mean =SE Mean £SE Mean =SE
MCV fl 33.57+1.72 31.07+0.49 30.60+0.98 31.55+0.94 32.42+1.07 29.72+0.94
MCH pg 11.68+0.53 11.68+0.53 10.59+0.25 10.35+0.29 11.06+ 0.33 10.70+0.38
MCHC % 36.46+£1.68 | 34.92+0.45 35.58+1.20 32.83+0.60 34.80+0.74 36.45+0.93

From the present study the result of blood picture indicate a significant
variation of erythrocytic count and significant decrease values of packed cell volume
and hemoglobin , This decrease might be due to disturbance in the regular
metabolism of iron as copper deficiency decreases the absorption of iron, releasing of
iron from body stores and utilization in hemoglobin synthesis (4) ,this result agree

with those reported by (29,30, 16).

Values of total leucocytic count showed a non-significant change, that mean
most affected sheep in chronic state (21). This result was coincided with those of (17,
15, 16).

The present study reveal that the values of copper in serum of affected sheep
were (0.15+£0.03 ppm), the values of copper in serum of affected sheep in north of
Basra were (0.13£0.04 ), in east (0. 16+0. 52 ppm ) , in west (0.17£0.09 ppm) , and
in south (0.14+0.04 ppm) table (6) .

Also table (6) show values of zinc in serum of affected ewes were (0.73+0.35
ppm), the values of zinc in serum of affected sheep in north of Basra were
(0.74+0.06ppm ), in east (0.79+0.07 ppm ) , in west (0.68+0.06ppm) , and in south
(0.72+0.08 ppm).Also the study show values of cobalt in serum of affected sheep
were (0.57£0.12 ppm), the values of cobalt in serum of affected sheep in north of
Basra were (0.40+0.07 ), in east (0.73£0.05 ppm ) , in west (0.63+0.06 ppm) , and in
south (0.52+0.04 ppm) , copper, zinc, and cobalt value were significantly low

(p<0.05) in affected sheep than in control group.
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Table (6): serum value of cu, zn and Co in sheep affected with mineral

deficiency and control.

Affected Affected sheep in Basra province region
sheep
Parameter | Control North East West South
Mean+ SE | Mean+ SE Mean+ SE | Mean+ SE Mean+ SE Mean+ SE
Cu ppm 0.4+0.18 0.15+0.03 0.13+0.04 | 0. 16+0. 52 0. 17+0.09 0. 14+0.04
Zn ppm 1.09+0.59 0.73+£0.35 0.74+0.06 0.79+0.07 0.68+0.06 0.72+0.08
Co ppm 0.78+0.20 0.57+0.12 0.40+0.07 0.73+0.05 0.63+0.06 0.52+0.04

Values of copper in serum showed significant variation P <0.05 when compare
control and affected sheep (0.440.18ppm; 0.15+0.03ppm) , this result was agree with
those of (31, 28, 32).which indicated that value of copper in serum decreased in
animal which supported by a low concentration diet or soil, The values of Zinc in
serum showed significant variation P <0.05 in which a clinical sings of mineral
deficiency reported .zinc deficiency result in a decreased feed intake ,This could be
due to the facts that pastures rarely contain zinc <20 mg kg”' DM and that sheep are
able to absorb zinc very efficiently at low intakes (33). Among factors that
predisposes sheep to zinc deficiency are increased calcium and phosphorus intake
(decreases zinc absorption), diets rich in legumes (high calcium) or high-phosphorus
grain supplements, elevation of soil pH above 6.5 and increased soil fertilization with

nitrogen and phosphorus (16)

Values of cobalt in serum showed a significant variation(P<0.05). (1)
Showed a deficiency of cobalt in sheep and attributed that to the deficient level of
cobalt in the diet especially when livestock are depending on forages those originally
receiving a limited amounts of cobalt from soil. Whereas (34) showed that related of

deficiency in cobalt to the interaction of minerals although if cobalt is abundant.

133




Bas.J.Vet.Res.Vol.1,No.1.2014.
3).\4,\5\ aadla g gé ?U'G‘\J\ gé Cdleal) (ans 9#33
sl ae ehyu) gl dag
LG all ¢ B pall ‘3)..43!\'4“1;‘éﬁ\gﬂ\gﬁ‘gﬁﬁ\)@kw\gﬂ\&}

-

AdAll

3l ddailaa (A Galaall Gl Gbaal Qe Y1 A Galaall Gy apdil Ailal) dul 5ol cy jal
Ol Gty AlbaB 4y gy ladle ) sn 200 ekl ALe YT (el 1400 Gand A Al e
Gla ndll s (5 el pandll ol ) Aulpall Clad 63 lats 4o sanaS Gae by pe pale Olos 25
ALY Jemn o iS5 i 35 Gulaill (5 siun (a5 4y sl

Ol il g s s ladle S jelal il e 5 (14.2%) 200 &) Al ) Cana gl s
Ld ¢ (47.5 %o, mal) Ll ) o 4y el Cldlall aal Culiay oy s Lgand &5 1400 Joal 00
(4%) G5 ¢ (6%)cne) @ ¢ 49%) Rabladl 436 Y) i pnd ((11.5%) ) ¢ (18%) 0
3ol ) la Lais ¢ (39.4740.33) oxdall (pania CailS 5 ) all il 53 Jasa () A jall 02a & jelal llis
s Sl (33,99 £ 0.29 590.48+4.53 ) il 5 ¢ il Y s b

6.5720.10 ) 4smiss dbaall Ul gaal) (3 L gine dadiia CilS ol jaall pll @il S s
Lo sias ¢ SN aaal) Jangie ol Gliad i siaall il S aas Jane mliss) XS (%10%/ml
e (11.06+0.53 pg « 31.07+0.49 f1 <6.88+0.11 /L1 ¢19.75%£0.24 %) =SV c 1S sasel
sy Albadl Ul gl (8 Lgine dadije (o S On S sasedl 58 5 dass sial dpailly Laine M) o)
. (34.92+0.45 %)

4o ganay AiHle eladll Ll GG S Jae (B e A dla S o Lan
adaall slie ) Jean bl oSl 5 el eulail) 58 53 Janal dpuaills L) (6.4320.1110°/ml)s k)
¢ 0.73£0.35 ppm<0.15+0.03 ppm)4lill c¥aralliy 3 ksl Gl ghuay 45 )l Lsine Adaédia
. e (0.57+0.12 ppm

REFERENCE

1. Aitken, 1.D.(2007). Diseases of Sheep 4th Edition. Blackwell Publishing Pp:377-
392.

2. Anderson, D. E.; Abrahamsen, E. J & Apley, M. D.(2009): Current veterinary
therapy: food animal practice, Fifth Edition. Saunders, an imprint of

Elsevier Inc.Pp:153-162.

134



Bas.J.Vet.Res.Vol.1,No.1.2014.

3.

10.

11.

12.

13.

14.

Balamurugan, K., and Schaffner, W. (2006). Copper homeostasis in eukaryotes:
teetering on a tightrope(English abstract). Biochimica et biophysica acta

(1763). 737-746

Church, D.C. and Pond, W.G. (1988): Basic animal nutrition and feeding, 3rd
Ed. John Wiley and Sons, New York, Chichester, Brisbane, Toronto,

Singapore.

O’Dell , B.L., and Sunde ,R.A. ( 1997 ). “Handbook of Nutritionally Essential
Mineral Elements.” Dekker , New York. Pp:20-33

Ginn, P.E.; Mansell, L.LE. and Rakich, P.M., (2007). Skin and Appendages. In:
lubb, Kenndey and Palmer's Pathology of Domestic Animals. Maxie,
M.G. (Ed.). Elsevier, Edinburgh, London, pp: 620-632.

Fraga ,C. G. (2005). Relevance, essentiality and toxicity of trace elements in

human health . Mol. Aspects Med. (26). Pp:235 — 244.

Reilly,C.(2004). “ The Nutritional Trace Elements” Blackwell , Oxford Pp:582-
584.

Larry, L.B.,(2005) cobalt in ruminant nutrition in salt and trace minerals(37):1-3.

Ulvund, M. (1995) Kobaltmangel hos sau (cobalt deficiency in lambs). Nordiske
Vetinar Tidsskrunde.( 107) 489-501.

Coles,F.H.(1986).Veterinary Clinical Pathology. 4th ed. WB . Saunders Co.
Philadelphia, London. p.p:10-90

Harris, E. D. (1997). Copper. In Handbook of Nutritional Essential Mineral
Elements, B. L. O’Dell and R. A. Sunde, eds. New York: Marcel Dekker.
Pp. 231-273

Ji, X. and Ren, J. (2002 ) Determination of copper and zinc in serum by
derivative atomic absorption spectrometry using the microsampling

technique . Analyst (127) :416-419.

Leech, N.L.,K.C. BarrentandG.A. Morgan. (2007). SPSS for Intermediat
Statistics: Use and Interpretation. 1stEdn., Routledge, London, pp: 20-51.

135



Bas.J.Vet.Res.Vol.1,No.1.2014.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Ahmed ,W.M.; El Khadrawy, H.H. ;Hanafi,E.M.; Abd El Hameed, A.R, Sabra ,
H.A. (2009). Effect of Cu deficiency on ovarian activity in egyptian
buffalo-cows.World J. Zool.,4 (1):Pp:1-8.

Mohamed, 1.A.(2012). Investigation about some trace minerals in sheep in Thi-

Qar province, Msc thesis. College of Vet.Med.University of Basra.

Abd El-Raof, Y.M. and Ghanem, M.M.(2006). Clinical and Haemato-
Biochemical Studies on Cases of Alopecia in Sheep Due to Deficiency of

Some Trace Elements SCVMJ, X (1),Pp:17-27.

Kusiluka, L. and Kambarage, D. ( 1996 ).Disease Of Small Ruminants. Ist ed.
Vet aid puplish, Scotland.

Al-Shawi A. F. (2010) Study the deficiency diseases of some minerals in goats
in Baghdad city / M.sc Thesis. /College of veterinary medicine / Baghdad
University (Arabic).

Mobarak, M.G. (1998): Correlation between some serum trace elements and
resistance among sheep. Ph.D. Thesis, Fac. Vet. Med., Zagaig
University, Benha Branch, Moshtohor.

Radostits , O.; Gay, C. ; Hinchcliff, K. and Constable,D.(2007).A Text book of
the diseases of cattles,sheep,pigs,goats and horses. 10th

ed.London.Saunders Elsevier.Edinburgh.

Radostits DM, Gay CC, Blood DC, Hinchlift KW, (2000). A textbook of the
diseases of cattle, sheep, pigs, goats and horses horse. 9th Edition,

Bailliere Tindall, London, San Francesco, Sydney.

Gehan KA, (2000). Relationship of certain blood constituent with illthriftiness in

one sheep. MVSC. Thesis, Zagazing. University, Egypt.

Ali S, Abed J, (2012). The serum copper and zinc values of the sheep grown up
in Thi-Qar Villages. Bas. J. Vet. Res., 11 (1): 265-269.

Wrightt CL Spears JW, (2004). Effect of zinc source and dietary level on zinc
metabolism in Holstein calves. J. Dairy Sci, (87): 1085-1091.

136



Bas.J.Vet.Res.Vol.1,No.1.2014.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Al-Kinani, L. M. Z. (1989). Mineral . Animal nutrition . Baghdad Univ. Bait Al-
Hikma Press (Arabic).

Kaneko, J.J., Harvey J.W., and Bruss ,M.L.(2008) Clinical Biochemistry of
Domestic Animals, 6th Edition Elsevier Inc.Pp:663-690.

Al Khalidi J.A.( 2004); Experimental Study to induce Copper Deficiency in Iraqi
Sheep/Ph. D. Thesis. /College of veterinary medicine / Baghdad
University (Arabic).

Gooneratne, S.R., Buckley, W.T.,Christensen, D.A. (1989): Review of copper

deficiency and metabolism inruminants. Can. J. Anim. Sci. (69):819-84.

Artington, J.D.; Corach, L.R. andBlecha, F. (1996): The effect of Molybdenum-
induced copper deficiency in acute phase on protein concentration,
superoxide dismutase activity, leucocyte number and lymphocyte

proliferation in beef heifer inoculated with bovine herpes virus. Journal

of Animal Science (741): 211-217.

Khan,C.(2005).The Merck Veterinary Manual.9th ed. Merck &Co. Ink .Puplish.
USA.Pp:1231-1240.

Smith,B.( 2002).1arge Animal Internal Medicine.3rd ed. Congress library USA.

Suttle, N.F. and Jones, D.G. (2007). Micronutrient Imbalance. In: Diseases of
Sheep, (Ed.). 4th Edn., Blackwell Publishing, Oxford, UK., pp: 377-392.

Whittaker, P. Iron and zinc interactions in humans. (1998)Am. J. Clin. Nutr.

(68): 4428-446S.

137



