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Clinical and Hematological Profiles due to Cases of Minerals
Deficiency in Local Ewes at Basra, Iraq
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Abstract | Normal development and cellular maintenance of living organisms need mineral as the essential nutritional
element. Evaluation the status of the trace minerals is profitable for determining the potential sources of livestock
problems. This present study was conducted in the Basra Province during January to August 2017, in which 478 sheep
were examined for signs of mineral deficiency and/or poor body condition score. Blood samples were taken to estimate
serum biochemistry parameters minerals such as copper, zinc, calcium, magnesium and cobalt. Complete blood count
parameters were included in this study. Results reveal that 153 (32%) sheep exhibited signs of mineral deficiency such
asalopecia (47%), parakeratosis (19%), diarrhea (14%), pale mucous membrane (88%), lachrymation (9%) and ataxia
(8%). There were no marked changes in body temperature between affected sheep and control, while the means of
respiratory and pulse rate were significantly elevated in affected sheep. A significant decrease in body condition score
and hair coat condition score were recorded. The study also showed that RBC, hemoglobin and pack cell volume
was markedly low in the affected sheep than control, while WBC shows no significant changes. RBC indices of the
affected sheep such as MCV, MCH and MCHC were not significantly different.The study also revealed that there
was decreased (p>0.05) in mean values of copper, zinc, cobalt, magnesium, and calcium of the tested ewes as compared
with the control animals. In conclusion, a considerable correlation between the lower mineral levels in the blood of
ewes and the general health status leading to reduce the production and subsequently economic losses was established.
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INTRODUCTION

(Aitken, 2008). In a successful surveillance management,
assessment the levels of the trace minerals is beneficial for

Mineral deficiency usually involves several minerals
as well as other conditioning factors; however, the
deficiency symptoms of one mineral may predominate and
affect the performance in the ruminant. Trace elements
function probablyact as an activator of enzymes, co-fac-
tors and a stabilizer of the secondary molecular structures
(Aitken, 2008; Anderson & Rings, 2008). Their study has
evolved from the recognition of their essential function in
cell metabolism. Ruminants often are subject to severe de-
ficiency of the trace elements such as: zinc, cobalt, manga-
nese, selenium and copper.

Living organisms need mineral as well as an essential nu-
tritional element to continue their normal development

detecting the main sources of the diseases/problems of the
livestock (Anderson & Rings, 2008).

'The essential element in sheep is copper; it is easily availa-
ble in diet and rapidly be absorbed through the abomasum
the duodenum. When copper incorporate into specific
cuproenzymes .It serves as a critical co-factor, catalyzing
the facile electron transfer reactions required for cellular
respiration, iron oxidation, pigment formation, neuro-
transmitter biosynthesis, antioxidant defense, peptide am-
idation, and connective tissue formation (Balamurugan &
Schaffner, 2006). Lack or low concentration of copper in
animal feed may cause a deficiency of this micro-element
(Suttle, 2010). Copper deficiency is taken to be a severe
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nutritional problem in tropical regions (including Basra),
because of the low copper concentration in animal’s diet
and/or because of high concentrations of other elements
that are antagonistic towards copper such as: molybdenum,

iron and sulfur (Cardoso et al., 1997; Sousa et al., 2012).

Zinc is fundamental for the functioning of more than
(200) enzymes (Keen et al., 2003), it containing enzymes
that found in all of the major metabolic pathways involved
in proteins, lipids, nucleic acids and carbohydrates metab-
olism (O’Dell & Sunde, 1997; Keen et al., 2003). Zinc also
plays an essential role in maintaining hoof tissues by stim-
ulation of growth of epithelial cells, production of keratin,
improved wound healing and improved cellular integrity
(Brown et al., 2007). Cobalt is a dietary essential element
for ruminants, allowing synthesis of vitamin B12. It is a
cofactor for two enzymes, methyl malonyl — CO A mutase
and methionine synthase. Ruminant normally do not have
any dietary source of vitamin B12, therefore their supply
of this vitamin must be ensured by continues the adequate
supply of dietary cobalt. Therefore, Vitamin B12 deficien-
cy can be induced by long-term consumption of Co-inad-

equate diets (Suttle, 2010; Keady et al., 2017).

The clinical signs of cobalt deficiency are non-specific but
lambs are particularly susceptible, exhibiting loss of appe-
tite, growth retardation, debility, emaciation and a watery
discharge from the eyes (Keady et al., 2017). Mineral de-
ficiencies may cause clinical disorders that have dramatic
effects on the health and survival of sheep, or marginal de-
ficiencies that result in subtle and often undetected effects
on productivity (Balamurugan et al., 2017).

'This current study was therefore conducted to estimate the
clinical, hematological and serum level of copper, zinc, co-
balt, magnesium and calcium in ewes suspected to be suf-
fering trace minerals deficiency in Basra province.

MATERIAL AND METHODS

'This study was conducted in Basra province of Iraq during
January August 2017 in different regions of Basra province.
Four hundred and seventy-eight (478) dairy ewes were ex-
amined, amongst which a total of 153 were suspected to be
affected with mineral deficiency, 177 had poor body/ hair
coat condition score and 148 clinically healthy ewes were
used as a control. Clinical examination was applied to all
sheep which included the determination of body temper-
ature, respiratory rate, heart rate with body condition and
hair coat condition score.

Boby ConbpiTiON Scorke (BCS)
Body condition scoring (BCS) is a quick and easy method

of describing how fat or thin ewes are. This was achieved

by using a numerical score from 1 (very thin) to 5 (very fat)
based on the level of muscling and fat deposition around
the loin region (Villaquiran et al., 2004; Phythian et al.,
2012). Ewes may be given a half score such as 2.5 if it be-
tween BCS 2 and BCS 3. An accurate BCS could not be
done by looking at the ewe; one must feel the muscle and

fat cover. An appropriate BCS range for ewes was from
BCS 2 to BCS 4, as seen on the reverse side.

HAIr Coat ConbitioN Score (HCS)

'The quality of the hair coat condition as animal-based wel-
fare indicator in different condition was examined in all
animals throughout the study. Two main points were con-
sidered in the scoring of the hair coat condition; normal
hair coat (NH) and poor or rough hair condition (RH).
The same visually resident identified the animal with a
rough hair coat in all groups, which defined as: rough or
scarify hair coat, uneven, matted and frequently longer
than normal (Battini et al., 2016) while ewes with shiny,
homogenous and adheres to the body hair coats were clas-
sified as normal. Ewes may reveal rough hair coat on all
body or they might only show part of the body covered by
the rough hair coat, both categorized as RH.

BLOOD COLLECTION

Jugular blood was collected with an anticoagulant tube for
haemogram and leukogram analysis while the tubes with-
out anticoagulant used for trace minerals analysis. All var-
iables of complete blood were determined. Serum samples
were analyzed for copper, zinc, cobalt, magnesium and cal-
cium levels using an atomic absorption spectrophotometer.
This technique was preferred because it was rapid, simple
and accurate. The absorbance of copper, zinc, cobalt, mag-
nesium and calcium in standards and samples solutions
were measured by flame atomic absorption spectropho-
tometer (FAAS) in the research unit laboratory, College of
Agriculture, University of Basra, Basra, Iraq under condi-

tions as described by (]Ji & Ren, 2002).

STATISTICAL ANALYSIS

Student t-test was performed, and the statistical signifi-
cance level of sheep parameters were (p<0.05). SPSS soft-
ware “version 11.5” has been used in the analysis of all data
of the current study.

RESULTS

Body temperature, respiratory and heart rates were record-
ed accordingly. The mean of body temperature was similar
in both control and mineral deficiency group. While the
means of respiratory and pulse rate were significantly in-
creased in the affected animal group as compared to the
control (p<0.05) (34.15 +4.68, 87.17+0.57) respectively
(Table 1).
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Table 1: Temperature, respiratory and heart rate in sheep
affected with mineral deficiency

Criteria ~ Control (Mean Affected Sheep
+SE) (NO.= 148) (Mean +SE) (NO.= 330)
Temp(C%)  39.47+0.09* 39.46+0.04*
PR./Min  77.25+0.74 87.17+0.57
R.R./Min 28.75+1.34° 34.15+0.46*

b values in different superscripts within row were significantly

different at (p<0.05)

A total of 153 (37.5%) animals showed the following clin-
ical signs of mineral deficiency in sheep (Table 2).

'The mean of body condition score of all sheep is detailed in
(Table 3).The results of BCS showed significant decreased
(p<0.05) in body score of aftected sheep below the normal
range of healthy animals, unlike control sheep which did
not show any significant decreased in body condition scor-
ing. A significant change in the condition of the hair coat
of affected ewes was noticed. Poor hair coat was observed
on 289 ewes (88%) in affected ewes, this poor hair condi-
tion includes: uneven, shaggy, matted and rough or scarify
hair coat that almost were not involved all parts of the body
but categorized as a rough hair condition. Control group
had normal hair coat condition (Table 3).

Results of the present study have indicated that there were
significant changes in values of RBC count, hemoglobin
concentration and PCV in the affected sheep when com-
pared with clinically healthy sheep. WBC was similar in
control sheep and sheep affected with mineral deficiency,
however, there was no significant variations observed (Ta-
ble 4).

However, there were no significant differences in values
of MCV, MCH and MCHC in the affected and control
sheep. These findings suggest that the type of anemia in the
affected sheep was normocytic normochromic.

Generally, estimation of the serum levels of the main trace
elements in the current study showed marked changes in
the ewes with the poor body and hair coat condition score
when compared with the clinically healthy ewes . The pres-
ent study revealed that the values of copper, zinc, cobalt,
magnesium and calcium in the serum of affected sheep
were markedly low in affected ewes compared to healthy-

ewes (Table 5).

DISCUSSION

Several studies have been documented the alteration of the
levels of the trace elements of the local domestic animals
in Iraq. To our knowledge, the current study is the first
survey that covers the clinical manifestations and the he-

matological valuation that can be related to the main min-
eral deficiencies in the local sheep in Basra. This study also
provides the latest profile of the serum values of the main
trace elements in local sheep.

As expected, due to the absence of the inflammatory reac-
tion and the chronicity nature of the minerals deficiency
cases, there were no significant differences in temperature
between control and affected sheep. Results of the pres-
ent study also revealed that respiratory and pulse rates
were higher in affected sheep than in control. This result
is in tandem with documented reports of (Abd El-Raof
& Ghanem, 2006). Previous kinds of literatures (Kusiluka
& Kambarage, 1996) had explained that the increase in
respiratory and pulse rates with mineral deficiency occur
to compensate the hypoxia and anemia conditions which
resulted from copper or zinc deficiency so as to avail cells
with oxygen. The effect of hypoxia decreased RBCs thereby
giving an appearance which is pale mucous membrane and
the loss of natural light pink color as a result of anemia
associated with copper deficiency (Aitken, 2008; Hefnawy
& El-khaiat, 2015; Naji, 2017).

A total of 153 (37.5%) animals showed various clinical
signs of mineral deficiency in sheep such as: alopecia, par-
akeratosis, diarrhea, pale mucous membrane, lacrimation
and ataxia. Other previous related studies (Abd El-Raof
& Ghanem, 2006; Aitken, 2008; Constable et al., 2016)
have been documented similar findings.Primarily, rough
hair coat condition and/or wool abnormalities were usually
related to deficiency of copper, zinc and cobalt (Pond et
al., 2004). Alopecia and steely wool might be attributed to
defective keratinization. The pathway of alopecia in zinc
deficient animal mayattribute to the reduction of the fol-
licular epithelium capacity to produce fiber (Radostits et
al., 2006). Alopecia was the most common symptom that
has observed in the current study especially in ewes with
low zinc levels. “Parakeratosis” as highlighted in the cur-
rent study might be related to the importance of zinc as an
activator of some enzymes requisite in carbohydrate, lipids,
protein and nucleic acid metabolisms (Suttle, 2010). Clin-
ically observed parakeratosis and hyperkeratosis in some
cases are the main lesions. These pathological changes have
been imputed to the involvement of zinc in cell replication
of the skin (Wright & Spears, 2004). It is evident from the
ongoing research that diarrhea occurs when levels of cop-
per, zinc and cobalt fall to (0.13 ppm, 0.77 ppm, 0.39 ppm)
respectively. Diarrhea is usually a major clinical finding in
secondary copper deficiency associated with molybdenosis
and may also 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 motil-

ity (Kaneko et al., 2008).

April 2019 | Volume 7 | Issue 4 | Page 317

=SS



Advances in Animal and Veterinary Sciences

Table 2: Clinical signs of sheep affected with Cu, Zn, Co, Mg and Ca deficiency.

Sings % of affected Cu
sheep Mean + S.E
Alopecia 47% 0.15+0.03
Parakeratosis 19% 0.14+0.00
Diarrhea 14% 0.13+0.00
Pale M.M 88% 0.15+0.00
Lacrimation 9% 0.12+0.00
Ataxia 8% 0.12+0.01
p> 0.05

Table 3: Body Condition and Hair coat condition score of

all sheep
Criteria Affected Sheep Control (NO.=
(NO.=330) 148)
Body condition score  2.12+0.04° 2.92+0.05*
Mean + S.E
Rough hair coat con- 88 0
dition (%)

b values in different superscripts within row were significantly

different at (p<0.05)

Table 4: Hematological values of control ewes and affected
with minerals Deficiency

Criteria Control (Mean  Affected Sheep (Meanx
+SE)(NO.=148)  SE)(NO.=330)

RBC10¢/ml  7.63+.35° 6.42+0.14*

PCV. % 25.40+.58¢ 19.94:0.36°

Hb g/L 8.75+.41° 6.76+ 0.14°

MCV 1 35.06+1.73* 31.99:0.72

MCH pg 11.92+ 0.63* 10.70+0.23%

MCHC% 35.41+1.84° 33.80.49
WBC10%/ml 6.73+.23" 6.26% 0.16®

b values in different superscripts within row were significantly

different at (p<0.05)

Table 5: Mean value of trace elements in all examined ewes

Minerals  Control (Meant SE) Affected Sheep (Mean+
SE)

Cuppm  0.45:0.01° 0.13£0.01°

Znppm  1.35x0.59° 1.13+0.07°

Coppm  0.78£0.02° 0.42+0.019b

Mgppm  1.63:0.04° 0.5820. 024"

Ca ppm 20.81+0.33% 13.97+0.49°

a,b,

values in different superscripts within row were significantly

different at (p<0.05)

Furthermore, affected animals showed signs of ataxia when
level of copper in serum was as low as 0.12+0.01. Enzootic
ataxia, lack of balance and atrophy of hind legs with the ev-
idence of the neurological signs of lambs were mentioned

Zn Co Mg Ca
Mean+S.E  Mean+S.E Mean+S.E Mean+S.E
0.71+0.03 0.52+0.01 0.71+0.06 14.35+1.25
0.77+0.05 0.43+0.00 0.58+0.04 12.98+2.01
0.77+0.06 0.39+0.00 0.65+0.07 15.03x2.14
0.73+0.03 0.56+0.01 0.68+0.05 13.5623.08
0.82+0.09 0.36+0.00 0.59+0.03 14.24+1.02
0.760.12 0.35+0.00 0.62+0.03 13.86+2.13

by (Rizwana et al., 2016). Thus, the deficiency of copper
in animal diet causes damages to nerves due to its role in
the synthesis of phospholipids. Ataxia also occurs due to
deficient myelination in the spinal cord followed by lesion
appearance in parts of the cerebral white matter and brain
stem (Silva et al., 2014).

The decrease in body condition score recorded in the af-
fected sheep compared to the control group could be due
to a loss of appetite which eventually led to less feed con-
sumption and consequently loss in body weight. The results
of hair coat condition score were often related to those
observed in body condition score. All affected sheep had
poor hair condition score. This notion achieved consensus
among recent studies (Battini et al., 2014). Thus, symp-
toms like poor hair coat could be attributed to a mineral
deficiency that subsequently led to induced nutritional and
health problems. The researchers have documented that
the main causes of the poor hair coat in sheep and goats
are associated with health and nutritional disorders (Smith
& Sherman, 2011; Lengarite et al., 2012).

Results of the blood picture from the present study indi-
cated a significant variation of erythrocyte count and sig-
nificant decrease values of packed cell volume and hemo-
globin. 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 (Pond et al., 2004;
Abd El-Raof & Ghanem, 2006). However, this might be
associated with a reduction of ceruloplasmin enzyme in
serum which transports iron from stores cells in intestine
& liver to transferase in plasma. Transferase is an enzyme
which transports iron to bone marrow to synthesis Hb,
and additionally reduce the liberation of iron from nor-
mally broken erythrocytes (Sharma et al., 2005; Kaneko
et al., 2008). In the current study, normochromic normo-
cytic anemia has been detected in the blood of the affected
sheep.

The low serum values of copper suggest that the ewes
were supplemented by a low concentration diet or (Pugh
& Baird, 2012; Smith, 2014). Moreover, increase intake
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of calcium and phosphorus is the main factor that subse-
quently leads to cause zinc deficiency in sheep by decreas-
ing the absorption of zinc. High calcium diet (enriched in
legumes), high phosphorus (grain) feed supplements, in-
creasing of soil pH higher 6.5 and elevation of the soil fer-
tilization by phosphorus and nitrogen also be attributed to
induce a zinc deficiency (Abd El-Raof & Ghanem, 2006).
Based on the clinical investigation in the present study,
most farmers provide high concentration of grains only
to sheep, particularly barley, and this could subsequently
induce a zinc deficiency. Deficiency of cobalt in sheep is
attributed to the deficient level of cobalt in the diet espe-
cially when livestock are depending on forages coupled
those originally receiving a limited amount of cobalt from
soil (Aitken, 2008). Result of means value of minerals in

the present study is in tandem with the result reported by
(Pugh & Baird, 2012).

Overall, the low serum levels of mg and ca in the affected
ewes indicate a poor feed supplementation of ewes with
Ca and Ca+Mg in conjugation with consuming high levels
during late gestation and early lactation period. Mineral
supplementation had a beneficial effect on energy balance
regulation in ewes at lambing (Ataollahi et al., 2018). Fur-
thermore, the low mineral concentrations in blood of ewes
suggest a considerable number of animals in Basra region
might be at the risk of a subsequent sub-clinical or clinical
hypocalcaemia and hypomagnesaemia. Elements concen-
tration in soil did not give an indicator of the spreading of
calcium and magnesium deficiency; although such pas-
ture might the susceptibility of these cases (Edwards et al.,
2018). Moreover, forages had a complex minerals compo-
sitions meaning that grazing ewes may have an increased
risk of direct or induced hypocalcaemia or hypomagnesae-

mia (Masters et al., 2017).

CONCLUSION

The serum levels of mineral bio-markers were more sen-
sitive to the reproductive stage than to the level of con-
centrate supplementation. In general, the use of supple-
mentation is recommended to support the maintenance of
mineral status in homeostasis and the reproductive per-
formance of ewes in Basra. Thus, the supplementation is a
viable and extremely important tool, primarily in periods
of high nutritional requirements of the animals, such as
during the final trimester, at birth and in early lactation.
More studies should be attempted to evaluate the role of
the trace minerals concentration in oxidative stress of the
local small ruminants.

ACKNOWLEDGMENTS

We extend our appreciation to the technical staft of the

clinical pathology laboratory, College of Veterinary Med-
icine and to the technicians of research unite laboratory,
college of Agriculture, University of Basra for technical as-
sistance. Many gratitude and thanks to Professor Dr. Israa

Abdul Wadood, Dr. Idris UH and also to the farmers who

cooperated with us to complete this work.
CONFLICT OF INTEREST

No conflict of interests is declared by author for the con-
tents in this manuscript.

AUTHORS CONTRIBUTION

Wessam Monther Mohammed Saleh has designed and
carried out the experiment and prepared the draft man-
uscript.

REFERENCES

*Abd El-Raof Y, Ghanem M (2006). Clinical and haemato-
biochemical studies on cases of alopecia in sheep due to
deficiency of some trace elements. SCVMJ, X (1): 17-25

*Aitken . (2008). Diseases of sheep (Vol. 4). Edinburgh: John
Wiley & Sons.

*Anderson DE, Rings M (2008). Current Veterinary Therapy-
E-Book: Food Animal Practice: Elsevier Health Sciences.

*Ataollahi F, Friend M, McGrath S, Dutton G, Peters A,
Bhanugopan M (2018). Effect of calcium and magnesium
supplementation onminerals profile, immune responses, and
energy profile of ewes and their lambs. Livest. Sci. https://
doi.org/10.1016/j.1ivsci.2018.10.001

*Balamurugan B, Ramamoorthy M, Ravi ], Keerthana G,
Gopalakrishnan K, Kharayat S, Chaudhary G, Rahul
K (2017). Mineral an important nutrient for efficient
reproductive health in dairy cattle. Int. J. Environ. Sci.
Technol. 6(1): 694-701.

*Balamurugan K, Schaffner W (2006). Copper homeostasis in
eukaryotes: teetering on a tightrope. Biochim. Biophys. Acta
(BBA)-Mole. Cell Res. 1763(7): 737-746.

*Battini, M., Barbieri, S., Fioni, L., & Mattiello, S. (2016).
Feasibility and validity of animal-based indicators for on-
farm welfare assessment of thermal stress in dairy goats. Inte.
J. Biometeorol. 60(2): 289-296. https://doi.org/10.1007/
s00484-015-1025-7

*Battini M, Vieira A, Barbieri S, Ajuda I, Stilwell G, Mattiello
S (2014). Invited review: Animal-based indicators for on-
farm welfare assessment for dairy goats. J. Dairy Sci. 97(11):
6625-6648. https://doi.org/10.3168/jds.2013-7493

*Brown C, Baker D, Barker I, Maxie M (2007). Skin
and Appendages in: Jubb, Kennedy and Palmer’s
pathology of domestic animals. Alimentary system,
Elsevier,Edinburgh,London. 620-632.

*Cardoso E, McDowell L, Vale W, Veiga J, Simdo Neto M,
Wilkinson N, Lourenco J (1997). Copper and molybdenum
status of cattle and buffaloes in Maraj6 Island, Brazil. Int. J.
Anim. Sci. 12: 57-60.

*Constable PD, Hinchcliff KW, Done SH, Griinberg W (2016).

Veterinary medicine-e-book: a textbook of the diseases of

April 2019 | Volume 7 | Issue 4 | Page 319

=SS


https://doi.org/10.1016/j.livsci.2018.10.001 
https://doi.org/10.1016/j.livsci.2018.10.001 
https://doi.org/10.1007/s00484-015-1025-7 
https://doi.org/10.1007/s00484-015-1025-7 
https://doi.org/10.3168/jds.2013-7493 

OPENaACCESS

Advances in Animal and Veterinary Sciences

cattle, horses, sheep, pigs and goats: Elsevier Health Sciences.

*Edwards JEH, Masters DG, Winslow E, Hancock §,
Thompson AN, Refshauge G, McGrath SR, Robertson
SM, Bhanugopan MS, Friend MA (2018). Calcium and
magnesium status of pregnant ewes grazing southern
Australian pastures. Anim. Prod. Sci.

*Hefnawy AE, El-khaiat H (2015). Copper and animal
health (importance, maternal fetal, immunity and DNA
relationship, deficiency andtoxicity). Int. J. Agro Vet. Med.
Sci. 9: 195-211.

+Ji X, Ren ] (2002). Determination of copper and zinc in serum
by derivative atomic absorption spectrometry using the
microsampling technique. Analyst. 127(3): 416-419. https://
doi.org/10.1039/b109367n

*Kaneko JJ, Harvey JW, Bruss ML (2008). Clin. Biochem.
Domest. Anim. (Vol. 6): Academic press.

*Keady T, Hanrahan J, Fagan S (2017). Cobalt supplementation,
alone or in combination with vitamin B12 and selenium:
Effects on lamb performance and mineral status. . Anim.
Sci. 95(1): 379-386. https://doi.org/10.2527/j2s2016.0825

*Keen CL, Hanna LA, Lanoue L, Uriu-Adams JY, Rucker
RB, Clegg MS (2003). Developmental Consequences of
Trace Mineral Deficiencies in Rodents: Acute and Long-
Term Effects. 2. J. Nutr. 133(5): 14775-1480S. https://doi.
org/10.1093/jn/133.5.14775

* Kusiluka L, Kambarage D (1996). Diseases of Small Ruminants:
A Handbook: Common Diseases of Sheep and Goats in
sub-Saharan Africa: VETAID Midlothian.

*Lengarite M, Mbugua P, Gachuiri C, Kabuage L . (2012).
Herders” knowledge on mineral nutrition and implication
on sheep and goat productivity in Marsabit South District,
Kenya. Livest. Res. Rural. Dev. 24.

*Masters DG, Hancock S, Refshauge G, Robertson S,
Bhanugopan M, Friend M, Thompson AN (2017). Mineral
status of reproducing ewes grazing vegetative cereal crops.
Anim. Prod. Sci .

*Naji HA (2017). The effect of zinc and copper deficiency on
hematological parameters, oxidative stress and antioxidants
levels in the sheep. Basrah J. Vet. Res. 16(2): 344-355.

*O’Dell BL, Sunde RA (1997). Handbook of nutritionally
essential mineral elements: CRC Press. https://doi.
org/10.1201/9781482273106

*Phythian C, Hughes D, Michalopoulou E, Cripps P, Duncan
J (2012). Reliabilityof body condition scoring of sheep for
cross-farm assessments. Small Rumin. Res. 104(1): 156-162
https://doi.org/10.1016/j.smallrumres.2011.10.001.

*Pond WG, Church DC, Pond KR, Schoknecht PA (2004). Basic
animal nutrition and feeding: John Wiley & Sons.

*Pugh DG, Baird NN (2012). Sheep & Goat Medicine-E-Book
(Vol. 2): Elsevier Health Sciences.

*Radostits OM, Gay CC, Hinchcliff KW, Constable PD (2006).
Veterinary Medicine E-Book: A textbook of the diseases of
cattle, horses, sheep, pigs and goats: Elsevier Health Sciences.

*Rizwana M, Alia M, Khanb OA, Ahmedc T, Durranid AZ
(2016). Swayback Disease in Ruminants. Veterinari. 4(2):
20-24.

*Sharma M, Joshi C, Pathak N, Kaur H (2005). Copper status and
enzyme, hormone, vitamin andimmune function in heifers.
Res. Vet. Sci. 79(2): 113-123 https://doi.org/10.1016/j.
rvsc.2004.11.015

*Silva T, Aguiar G, Carvalho F, Sim&es S, Miranda Neto E,
Dantas A, Soares P, Riet-Correa F (2014). Outbreaks of
copper deficiency in ruminants in the semiarid region of
Paraiba, Brazil. Semina: Ciéncias Agrarias, 35(4). https://
doi.org/10.5433/1679-0359.2014v35n4p1955

*Smith BP (2014). Large Animal Internal Medicine-E-Book
(Vol. 4): Elsevier Health Sciences.

*Smith MC, Sherman DM (2011). Goat medicine: John Wiley
& Sons.

*Sousa IKFD, Hamad Minervino AH, Sousa RDS, Chaves DF,
Soares HS, Barros IDO, Aradjo CASCD, Junior RAB,
Ortolani EL (2012). Copper deficiency in sheep with
high liver iron accumulation. Vet. Med. Int. https://doi.
org/10.1155/2012/207950

*Suttle NF (2010). Mineral nutrition of
(Vol.  4). Walingford, UK: Cabi.
org/10.1079/9781845934729.0000

* Villaquiran M, Gipson T, Merkel R, Goetsch A, Sahlu T (2004).
Body condition scores in goats. American Institute for Goat
Research, Langston University.

*Wright C, Spears J (2004). Effect of Zinc Source and Dietary
Level on Zinc Metabolism in Holstein Calves. J. Dairy
Sci. 87(4): 1085-1091. https://doi.org/10.3168/jds.S0022-
0302(04)73254-3

livestock

https://doi.

April 2019 | Volume 7 | Issue 4 | Page 320

=SS


https://doi.org/10.1039/b109367n 
https://doi.org/10.1039/b109367n 
https://doi.org/10.2527/jas2016.0825 
https://doi.org/10.1093/jn/133.5.1477S 
https://doi.org/10.1093/jn/133.5.1477S 
https://doi.org/10.1201/9781482273106 
https://doi.org/10.1201/9781482273106 
https://doi.org/10.1016/j.smallrumres.2011.10.001.  
https://doi.org/10.1016/j.rvsc.2004.11.015 
https://doi.org/10.1016/j.rvsc.2004.11.015 
https://doi.org/10.5433/1679-0359.2014v35n4p1955 
https://doi.org/10.5433/1679-0359.2014v35n4p1955 
https://doi.org/10.1155/2012/207950 
https://doi.org/10.1155/2012/207950 
https://doi.org/10.1079/9781845934729.0000 
https://doi.org/10.1079/9781845934729.0000 
https://doi.org/10.3168/jds.S0022-0302(04)73254-3
https://doi.org/10.3168/jds.S0022-0302(04)73254-3

