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SUMMARY: The study was conducted on seven healthy Sahiwal cattle at their different physiological states
(calves, <1 year; pregnant in first trimester; primiparous lactating and dry, not pregnant). The blood samples
were collected from Jugular vein in heparinized test tubes. Plasma was separated and used for analysis. Non
significant differences were observed in blood plasma Zn2*, Fe2+ and Na+ concentrations in calves, pregnant
and milking animals. The present study also reports a non significant difference in Cu2* concentration between
the four physiological states. Significant differencesin Ca2+ concentration was observed in all the animals at
different physiological states. No significant differences were observed in blood plasma Mg2+ concentration
between calves and milking cows. Potassium (K+) concentration was not significantly different between the

pregnant and milking cows but significantly different among the calves and the dry cows.
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INTRODUCTION

Physiological concentrations of trace elements must
always be maintained for proper maintenance of the
cellular functions of the animal. The normal concentra-
tions of these trace elements in different tissues mainly
depends on the dietary concentration, absorption and
also on concentration of other tissue elements, homeo-
static control mechanism of the body and the species of
animal involved (23). There is a general consensus that
low production and sub-optimal reproductive efficiency
of our livestock is due to inadequate nutrition, particu-
larly deficiency of minerals. The ovarian activity of buf-
falo is influenced by mineral deficiency (8).
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Serum levels of major and trace elements in dairy
cows during lactation and pregnancy were studied by
Agnes and Tozzi (1). They observed a significant
increase in copper concentration during lactation. Dis-
tribution of trace elements in whole blood, plasma and
erythrocytes of buffalo heifers was studied by Kumar
and Rattan (11). They concluded that plasma was the
index for trace elements estimation.

Although normal hemogram and biochemical pro-
files of Sahiwal hiefers have been reported (26) yet,
very little information is available on the trace elements
profile in Sahiwal cow during different physiological
states. Therefore, the present study was designed to
estimate the plasma essential trace elements and elec-
trolytes in apparently healthy calves, pregnant, milking
and dry Sahiwal cattle.

125



TRACE ELEMENTSAND ELECTROLYTESIN SAHIWAL CATTLE

MATERIALS AND METHODS

The blood samples from seven cattle at each of the follow-
ing physiological states, calves (< 1 year), pregnant (first
trimester), milking (primiparous) and dry (not pregnant) were
collected from Jugular vein in heparinized test tubes. The
plasma was separated and used for the analysis of zinc
(Zn2*), copper (Cu2*), iron (Fe2*), calcium (Ca2*), magne-
sium (Mg2*), sodium (Na*) and potassium (K*) after wet
digestion with nitric and perchloric acid (18).

Average and standard error of mean of each parameters
were calculated. The analysis of variance technique was used
to find out any significant difference (p < 0.05) in trace ele-
ments and electrolytes concentrations between physiological
states (22). In case of significant differences, Duncan's Multi-
ple Range Test (4) was used to compare the mean values.

RESULTS AND DISCUSSION

The results of plasma trace elements and elec-
trolytes profiles of four physiological states of Sahiwal
cattle have been presented in Table 1. In the present
study, non significant differences were observed in
blood plasma Zn2*, Fe2* and Na* concentrations
between calves, pregnant and milking animals. Similar
results for Zn2* and Na* were reported by Agnes and
Tozzi (1) in pregnant and lactating cows. Van Aken et
al. (24) also reported non significant differences in Zn2*
concentration in young and adult cattle. The present
results are also in line with those reported by Husnain
et al. (8) in buffalo. Hanif et al., (6) reported the highest
concentration of Zn2* (1.08 + 0.25 mg/dl) in dry and the
lowest concentration (0.74 + 0.13 mg/dl) in pregnant
buffaloes.

Significantly low concentration of Na+ (22.13 + 1.13
mmol/l) and K* (3.10 + 0.25 mmol/l) was observed in
the dry cows. Highest, Na* concentration (42.35 + 2.50
mmol/l) was observed in milking cows as compared to
dry animals and highest K* concentration (10.56 £ 0.67
mmol/l) in calves. Na* plays a central role in water and
osmotic regulation in the study. The kidney determines
the volume of extra cellular fluid (ECF) by regulating
the quantity of Na* in the body. The sensors for the reg-
ulation of body Nat are similar to those that regulate
tonicity. The volume receptors located in the carotid
sinus, aortic arch, great pulmonary veins and espe-
cially the left atrium (21) are capable of altering Na*
excretion. A decrease in ECF volume signals the
kidney to conserve Na*, whereas an increase in ECF
volume signals the kidney to excrete Na* (13). There is
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evidence that Na* excretion is also influenced by
prostaglandin and by the kallikrein-kinin system (21).
The major regulators, however, are internal mecha-
nisms of glomerulotubular balance. Diet of herbivores
is very low in Na* content and supplementation with a
source of Na* is necessary for optimal production par-
ticularly in summer. This is also especially true for high
producing dairy cows in which appreciable losses of
Na* occur in milk (9). The ruminants are not only capa-
ble of very effective recovery of large amounts of Na*
from the digestive tract but like other species, are
capable of conserving body Na* by action of the
kidney. The combination of the two processes can
reduce Nat* excretion to nearly zero. On the other
hand, there is an obligatory excretion of potassium (K*)
by cattle, both in the faeces and urine (3). Forbes et al.,
(5) found small negative balances for K* in most cases
with lactating cows and generally positive balances for
non lactating cows. The kidney is also of primary
importance in the regulation of K* balance like Na*.
Approximately 98 to 98.5% of the total body K* is
located within the intracellular compartment, leaving
only 1.5 to 2.0% in the extra cellular fluid. Under normal
conditions more than 90% of the total ingested K* is
excreted by the kidney while only 8% is excreted in the
faeces (19). Several other endogenous and exogenous
factors influence the regulation of K+ excretion such as
aldosterone, delivery of Na to the distal tubule, secre-
tion of hydrogen ion, unreabsorbed anions, urine flow
rate, K* intake and administration of diuretics (13). Of
the above described factors which were responsible for
the high Na* concentration in the milking cows and
which were responsible for the lowest level of both Na*+
and K* in the dry cows is an aspect which requires fur-
ther research on this line. However, the most probable
reason of low concentration of blood plasma Na* and
K* in dry cows might be the lowest metabolic rate
during this physiological state.

The present study reports a non significant differ-
ence in Cu2* concentration between the four physiolog-
ical states. The dependency of physiological processes
on cupro-enzyme activities creates the need for a con-
tinued supply of Cu2+* from the diet. In quantitative
terms that this need alters as the animal develops.
Intake of Cu2* will also vary due to the seasonality of
plant growth, despite human interventions to attain a
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continuous supply of food for man and beast. Changes
in food type will be associated with changes in the
availability of Cu2+, creating further fluctuations in the
supply of Cu2?* to the tissue. The mammalian body
adapts to changes in the supply of Cu2* relative to
needs. Just as it does to variations in the supply of
other nutrients, in order to stabilize the supply of Cu2+*
to the tissue (10). Pregnancy is a Cu?+ dependent
process and the body demands additional Cu2* from
conception onwards. However, it is not clear, whether a
relationship exists between the Cu2* status and fertility
of Cu2+ deficient cows. Hunter (7) reported a significant
effect of Cu2* supplementation on the fertility of dairy
cows but Phillipo et al., (16) found no relationship
between herd serum Cu2* concentration and the con-
ception rate of the herd. Our results are also in line with
those reported by Hanif et al., (6).

Significant differences in Ca2* concentration were
observed among the four physiological states. Calcium
is particularly important in dairy nutrition because of
high Ca2* content of milk and its relationship to parturi-
ent paresis (milk fever). Likewise, parathyroid hormone
(PTH) acts on the kidney tubule to increase renal reab-
sorption of Ca2*. PTH also stimulates synthesis of
1.25-OH vitamin D3, which stimulates intestinal Ca2*
absorption. In dry cow, 1.25-OH-D3 blood levels are
very low but increase dramatically when lactation
begins (15). Remberg et al., (17) reported an outflow of
Ca2* into milk at the onset of lactation accompanied by
a reduction in the pool size of Ca2* in the plasma. In
the present study no such type of decrease in the
plasma Ca2* content in the milking cows was
observed. Poor digestion of fat also may reduce Ca2*
absorption through the formation of insoluble Ca2*
soaps, however, small amounts of fat may improve
Ca2* absorption (12). Sheikh et al., (20) reported that
the difference in average content of Ca2* in the blood
of lactating, lactating pregnant, dry pregnant and dry
non pregnant Nili-Ravi buffaloes were non significant.
Comparison of blood Ca2+ content in pregnant and non
pregnant cows revealed non significant difference (14).
Ward (25) found negative Ca2* balance during the
prepartum period for cows which subsequently suc-
cumbed to milk fever. In the present study the lowest
Ca2* concentration (1.30 + 0.11 mg/dl) was observed in
pregnant cows. The low concentration of Ca2+* during
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Table 1: Mean trace elements and electrolytes concentrations of
plasma of sahiwal cattle during different physiological

states.
CALVES | PREGNANT | MILKING DRY
Zn2+, 1.19a 1.32a 1.17a 0.50b
mg/dl + + + +
0.03 0.06 0.07 0.02
cu2+, 0.23 0.25 0.26 0.27
mg/d| + + + +
0.02 0.01 0.02 0.01
Fe2+, 0.83b 0.76b 0.63b 0.33a
mg/d| + + + +
0.14 0.08 0.13 0.20
Ca2+, 170bc 1.30c 2.10b 2.75a
mg/di + + + +
0.21 0.11 0.07 0.12
Mg2+, 0.36a 0.27b 0.35a 0.16¢c
mg/d| + + + +
0.02 0.01 0.03 0.01
Na*, 38.73a 37.29a 42.35a 22.13b
mmol/l x * x x
1.27 1.15 2.58 1.13
K+, 10.56a 6.20b 6.75b 3.10c
mmol/l x ks b= b=
0.67 0.66 0.35 0.25

a,b,c : Similar alphabets in rows are not significantly different from
each other at p <0.05.

pregnancy could be explained that during the first
stage of pregnancy dairy animals milk yield is maxi-
mum and is therefore, in negative balance in regards to
calcium. The blood mineral profile, however, improves
without supplement when milk yield starts declining
after about 90 days postpartum (6).

Non significant differences were observed in blood
plasma Mg2* concentration between calves and milk-
ing cows. Significant differences were observed among
rest of the groups with the highest concentration (0.35
+ 0.03 mg/dl) in milking and the lowest concentration
(0.16 + 0.01 mg/dl) in dry cows. Approximately 70% of
the Mg2* in the animal body is in bone. In addition car-
diac muscle, skeletal muscle a nervous tissue depends
on a proper balance between Ca2* and Mg2* ionsDi-
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etary deficiency may result in a marked reduction in
blood Mg2+ before the level in bone is affected. On con-
tinued deficiency, the Mg2+ contents of the bone
decreases and the Ca2* content increases. However,
the bone Mg2* is rapidly replenished when the animals
are fed a diet high in Mg2+ (2). Overall Mg2* concentra-
tion in the plasma of different physiological groups in
the present study as compared to the values in litera-
ture was quite low. The most probable reason of low
Mg2+ content may be the low level of Mg in the diet.

In brief, the present study has shown variations in
blood plasma trace elements and electrolytes profiles
during different physiological states. Non significant dif-
ferences were observed in plasma Zn2*, Fe2* and Na*
contents among calves, pregnant and milking animals.
Significantly low concentrations of Zn2*, Mg2+, Na* and
K+ were observed in dry animals while higher concen-
trations of Fe2* and Ca2* were observed in these ani-
mals. Magnesium and potassium contents were
significantly high in calves. Significantly high concen-
tration of Zn2* and low concentration of Ca2* was found
in pregnant cows. In milking cows significantly high
concentration of Na* was observed in the present
study.

REFERENCES

1. Agnes F, F Tozzi : Serum levels of major and trace ele-
ments in dairy cows during pregnancy and lactation. Atti-della-
Societa-Italiana-delle-Scienze-Velerinarie, 39:522-524, 1985.

2. Aikawa JK, JZ Reardon, DR Harms : Effect of magnesium
deficient diet on magnesium metabolism in rabbits: A study with
28Mg J Nutr, 76:90-93, 1962.

3. Campbell LD, WK Roberts : The requirements and role of
potassium in ovine nutrition. Canadian. J Anim Sci, 45:147, 1965.

4. Duncan DB : Multiple Range and Multiple F. test. Biomet-
rics, 11:1-42, 1955.

5. Forbes EB, JA Schultz, CH Hunt, AR Winder, RF Pemles :
The mineral metabolism of milk cow. J Biol Chem, 53:218, 1922.

6. Hanif M, CS Ali, AH Samad, SH Hanjra : Influence of preg-
nancy stress on blood mineral profile in the buffalo. Pak Vet J,
4:165-168, 1984.

7. Hunter AP : Some nutritional factors affecting the fertility of
dairy cattle. N Z Vet J, 25:305, 1977.

8. Husnain ZU, CS Ali, KM Ahmad, HA Samad : Studies on
relationship between blood mineral level and fertility of buffalo.
Pak Vet J, 4:141-144, 1981.

9. Jiro JK : Clinical Biochemistry of Domestic Animals. 3rd ed,
Academic Press Inc. New York, 1980.

10. John McCH, MG Jeffrey : Copper in Animals and Man.
CRC Press, Inc Boca Raton, Florida, 1:26, 1987.

128

ASIF, RAHMAN, ARIF, HAQ, JAVED

11. Kumar R, PJS Rattan : Distribution of trace elements in
whole blood, plasma and erythrocytes of buffalo heifers. J
Research Punjab Agri Univ, 28:153-256, 1991.

12. Melvin JS : Dukes Physiology of Domestic Animals. 9th
ed, Satish Kumar Jain for CBS Publishers, Delhi, India, 1992.

13. Michael S : The Veterinary Clinics of North America Small
Animal Practice. WB Saunders Company, Philadelphia, USA,
1982.

14. Payne JM, FB Leech : Factors affecting plasma calcium
and inorganic phosphorus concentration in the cow with particular
reference to pregnancy, lactation and age. Brit Vet J, 120:385,
1964.

15. Peter RC : Applied Animal Nutrition Feeds and Feeding.
Macmillan Publishing Company, New York, 1991.

16. Phillipo M, WR Humphries, CB Lawrence, J Price : Inves-
tigation of the effect of copper status and therapy on fertility in
beef suckler herds. J Agri Sci Cambridge, 99:359, 1982.

17. Ramberg CF, GP Mayer, DS Kronfeld, JM Phang, M
Berman : Calcium kinetics in cows during late pregnancy, parturi-
tion and early lactation. Am J Physiol, 219:1166-1177, 1970.

18. Richard LA : United States Lab. Staff. Agri. Hand Book. No
66 United States Depart Agri, p 129, 1954.

19. Schwartz AB : Normal Potassium balance. Eds by AB
Schwartz and H Lyons, Acid Base and Electrolyte Balance:
Normal Regulation and Clinical Disorders. New York, USA, 1977.

20. Sheikh BA, GB Isani, GH Soomro, LA Siddiqi : Effect of
gestation and lactation on serum calcium concentration in buf-
faloes. 26th Pakistan Science Conference. Abstracts Section of
Anim. Husb. Fisheries and Oceanography, p 17b, 1978.

21. Skorecki KL, BM Brenner : Body fluid homeostasis in man.
Am J Med, 70:77-81, 1981.

22. Steel RGD, JH Torrie : Principles and Procedures of Sta-
tistical Analysis. 2nd ed, McGraw Hill, Kogakuska Ltd, Tokyo,
Japan, 1980.

23. Underwood EJ : Trace Elements in Human and Animal
Nutrition. 4th ed, Academic Press, New York, USA, 1977.

24. Van Aken D, J DE-Bont, LV Holm, SSE Ranawana :@: A
study on mineral status of cattle in dairy farm in Sri Lanka. Indian
Vet J, 63:371-374, 1991.

25. Ward GM : Calcium balances and changes of some blood
and urinary constituents as related to parturient paresis in dairy
cows. Ann NY Acad Sci, 64:361, 1956.

26. Zia-ur-Rahman, T Khaliq, | Javed : Comparative hemato-
logical and serum Biochemical values of purebred and crossbred
heifers (F1). Pak Vet J, 13:110-113, 1993.

Correspondence:

A. H. ORABY
Department of Physics,
Faculty of Science,
Mansoura University,
Mansoura, EGYPT.

Journal of Islamic Academy of Sciences 9:4, 125-128, 1996



	JIAS Volume 9, No 4
	Trace Element and Electrolyte Concentrations in Different Physiological States of Shawal Cattle
	Summary
	Introduction
	Materials and Methods
	Results and Discussion
	References

