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ABSTRACT

The research was conducted on 240 clinically healthy Holstein-Friesian cows in various stages of the reproductive
cycle (lactation, dry period, and up to 15 days from calving). Sampling was taken during the summer and winter
periods. Concentrations of calcium, phosphorus and magnesium in blood plasma were determined by using the
appropriate method with the “Beckmann DU-64 UV/VIS” spectrophotometer. Significant differences were determined
in the values of concentrations of the examined minerals during various stages of the reproductive cycle but in
dependence on the season of sample taking.
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OZET

REPRODUKTIF DONEM VE MEVSIME BAGLI OLARAK INEKLERDE KAN PLAZMASI KALSIYUM,
FOSFOR VE MAGNEZYUM KONSANTRASYONU DUZEYLERI

Calisma, farkli reproduktif donemlerdeki (laktasyon, kuru period ve buzagilama sonrasi ilk 15 ginlitk donem) 240
bag saglikli Siyah Alaca inek ile ytrutilmistir. Orneklemeler yaz ve kis aylarinda yapilmistir. Kan plazmasindaki
kalsiyum, fosfor ve magnezyum konsantrasyonlar: “Beckmann DU-64 UV/VIS” spektrofotometresi ile uygun metotlar
kullanilarak belirlenmistir. Ornekleme mevsiminin etkisine bagli olarak, incelenen mineral konsantrasyonlart
bakimindan gesitli reprodiktif donemler arasinda onemli farkliliklar belirlenmistir.

Anahtar Kelimeler: Laktasyon, kuru dénem, dogum sonu dénem, mineraller

Introduction its communication with the external world, as
well as its own metabolism, attempts to
maintain the living organism's harmony,
namely its homeostasis. Disruption of
homeostasis provokes illness, and ultimately,
death. Minerals play a vital role in maintaining

Life processes take place within a closed
space which is connected with its environment
through a number of activitics. The internal
ambiance, milicu interior, as called by Claude
Bemard, the founder of modern physiology, in
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homeostasis. Minerals are involved in all living
processes, cither in the capacity of structural
clements or as regulators of almost all
metabolic processes (Bauman and Currie,
1980). Apart from the above indicated roles,
minerals are important for milk production of
high-yielding cows. Consequently, their role
assumes an increasing importance. Homeostasis
of calcium, phosphorus and magnesium is
primarily affected by the very same homeostatic
mechanisms, and as a result, the changes in
their concentrations are in most cases mutually
linked. Calcium is the most pervasive mineral
in an organism. The maintenance need of
calcium is approximately 154 mg Cakg of
body mass (Hansard et al., 1954). The need in
lactation is approximately 1.23 g Ca/kg of the
produced milk. Calcium absorption depends on
its intake, and it is reduced when the amimal
takes more calcium in its food than it is needed.

Puerperal paresis or milk fever of dairy
herds is characterized by moderate or
conspicuous hypocalcacmia, frequently
accompanied by  hypophosphatemia  or
hypoglycaemia, but magnesium concentration
may be normal, reduced or increased (Littledike
et al., 1998). Although milk fever is primarily a
discase of recently periparturient cows,
hypocalcacmic paresis can also occur in cattle
and lactating cows which are not in the
peripartal period (Nurmio et al., 1974). Milk
fever is caused by the insufficient absorption of
calcium at the beginning of the lactation period
(Shultz, 1988). In the course of disease the
concentration of calcium and phosphorus in the
blood decreases while the magnesium
concentration increases. The most probable
cause of this disease is the imbalance in ratios
of calcium, phosphorus, magnesium and
calcium. Cattle with the increased incidence of
hypocalcaemia are characterized by a higher
calcium level in the dry period (Barnouin,
1991). This fact is explained by Phillipo et al.
(1994). The explanation is that the feed with the
calcium levels higher than those recommended
(NRC, 2002) in the dry period, and with the
increased needs in early lactation period will
trigger a weaker response of the tissue to D
vitamin and parathyroid hormones. In addition
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cations, primarily calcium and sodium, create a
metabolic alkalosis, which, in tum, affects the
homeostatic mechanisms of calcium by
weakening the tissue’s response to parathyroid
hormones. Prevention involves a careful
balancing of particular minerals and other
nutritious ingredients.

Considering the fact that phosphorus and
calcium jointly participate in the bone building,
these two minerals are often considered
together. The effect of calcium and phosphorus
ratios on the performances of ruminants is
considered to be overstated. Alfaro et al. (1989)
showed that the calcium and phosphorus ratios
in feed in the range of 1:1 up to 7:1 resulted in
the same performances. Phosphorus is
indispensable for rumen’s microorganisms for
their growth and cellular metabolism. A great
part of the overall phosphorus in cereals and oil
crops, as well as its side products, is linked with
the phytic acid, and as such, it is not resorptive.
However, the rumen’s micropopulation consists
of the phytase enzyme which hydrolyses the
organically linked phosphorus, thus making it
accessible to resorption.

Dairy cows with abomasal displacement or
abomasal volvulus may have phosphorus
homeostasis disorder (Grunberg et al., 2005). In
these  conditions  hypophosphatemia  is
accounted for by a decreased intake of feed and
the liver disorder or its damage (Grunberg et al.,
2005). The cows with the pronounced
hypophosphatemia (<0.32 mmol/L) are exposed
to postpartum hemoglobinuria, which is (poses)
a higher risk than the emergence of a hemolytic
disecase. The development of this condition is
also influenced by other factors. It has been
established that the continuous intravenous
application of a 50% dextrose solution causes
the decrease of the phosphorus serum
concentration in lactating cows.  This
hypophosphatemia is considered to be a result
of insulin-provoked shift of the plasma
phosphorus into the intracellular compartments
(Grunberg et al., 2005). Hypophosphatemia is
often connected with moderate hypocalcaemia
(Kruger et al., 1996).
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The focal place of magnesium absorption in
ruminants is in the rumen (Greene et al., 1983).
In many respects magnesium metabolism is
specific in relation to other microelements. The
regulatory mechanisms of magnesium flow
have not been discovered up to now. Inside the
cell magnesium acts as a catalyst to all reactions
that use ATP. In this manner magnesium affects
all endergonic and exergonic processes in the
organism (Anastasiadis et al., 1981). In case of
magnesium deficit insulin partly increases the
concentration of intracellular Mg, and this
reflects the equilibrium of enzyme regulation.
Simultaneously, taurin is mobilised with the
effect similar to that of Mg. In this way the
organism compensates for the intracellular
hypomagnesaemia to some extent, but at the
expense of the extracellular liquid (Stojevié et
al., 1993). In general, Mg acts as an antagonist
to Ca, while its deficiency emphasizes the effect
of Ca. At this the release of acetylcholine onto
the neuromuscular plates is more pronounced.
In addition to this, extracellular
hypomagnesacmia weakens the activity of
cholinesterase which, in tum, additionally
prolongs the effect of acetylcholine. The
consequence of the above is tetany, one of the
basic symptoms of hypomagnesaemia (Rosol
and Capen, 1997). Along with hypocalcacmia
hypomagnesacmia can cause pasture tetany in
cows and goats. Hypocalcacmia may be a major
cause for the emergence of hypomagnesaemia
(Roussel et al., 1982). Although there is no
strong correlation between clinical signs and the
serum magnesium, the cows in which the
magnesium concentration in serum is lower
than 0.4 mmol/L run a higher risk of developing
pasture tetany. A more important indicator of
magnesium status lies in determining the value
of magnesium in urine. Thus, in case of a
significant magnesium deficiency, magnesium
will not be present in urine (Hoffis et al., 1989).

The purpose of this study was to determine
serum Ca, P and Mg levels during lactatin
period, dry period and postpartum period of
cattle and to determine the relationships
between periods.

Material and Methods

The research was conducted on the total of
240 cows of Holstein-Friesian breed, in the 3-5
age range. The cows were in different stages of
lactation (1-8), but the greatest number of cows
was in the second, third and fourth stage of
lactation. Samples were taken during summer
of 2008 (n = 120), and in the winter period of
2008/2009 (n = 120). The examined animals
were divided into two groups according to the
respective stages of the reproductive cycle.
Group A was composed of lactating cows (n =
120), while B group involved cows in dry
period (n = 60) and group C was composed of
cows up to 15 days from calving (n = 60).

Blood samples were taken by punctuating
venae coccigaeae and were stored in 5 ml
vacuum blood containers. After that the blood
was transported in the portable fridges at
temperature of 4 °C to the Veterinary Faculty in
Sarajevo. The blood was immediately
centrifuged (LC 320, 3000 turns/10 min) in
order to extract plasma. Concentrations of
calcium, phosphorus and magnesium in blood
plasma were determined with
spectrophotometer (Beckmann DU-64 UV/VIS)
using commercial kits manufactured by the
“Human” (Max-Planck-Ring 21, D-65205
Wiesbaden, Germany), Calcium liquicolor,
REF. 10011; Phosphorus liquirapid, REF.
10027 and Magnesium, REF. 10010.

The SPSS 10.00 software program was used
for the statistical claboration of data. Mean
values of the examined parameters between
different animal groups in dependence of the
sampling season, were compared by using t-
test. The differences were considered
statistically significant at P<0.05 significance
level.

Results and Discussion
Results are presented in figures.
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Mean value of calcium concentration (mmol/L.) in blood plasma depending on the reproductive cycle of
cows and sampling season. Values are meantS.E. Marks I, II represent different seasons, where: 1 =
summer period, II = winter period. A, B, C = different group of animals within different reproductive cycle,
where A = lactating cows, B = dry period, C = cows up to 15 days from calving. a, b = values with different
letters are statistically significant within the group (P<0.05). Marks * &, # = values with different labels are
statistically significant between groups.

Reproduktif désnem ve drnekleme mevsimine bagli olarak kan plazmasi kalsiyum konsantrasyonu (mmol/L.)
ortalamalart (Ortalama deger + standart hata). I= yaz dénemi, II = kis donemi; A= laktasyondaki inekler,
B=kuru dénem, C=buzagilamadan sonraki ilk 15 giin. a, b = grup icersinde farkli harf tastyan ortalamalar
arast farklilik onemlidir (P<0.05). * 1, # = farkli isaret tagryan gruplar aras: farklilik énemlidir.
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Mean value of phosphorus concentration (mmol/L) in blood plasma depending on the reproductive cycle of
cows and sampling season. Values are meant+S.E. Marks I, II represent different seasons, where: I =
summer period, Il = winter period. A, B, C = different group of animals within different reproductive
cycle, where A = lactating cows, B = dry period, C = cows up to 15 days from calving. a, b = values with
different letters are statistically significant within the group (P<0.05). Marks *,5, # = values with different
labels are statistically significant between groups.

Reproduktif dénem ve dérnekleme mevsimine bagli olarak kan plazmasi fosfor konsantrasyonu (mmol/L)
ortalamalart (Ortalama deger + standart hata). [= yaz donemi, II = kig dénemi; A= laktasyondaki inekler,
B=kuru dénem, C=buzagilamadan sonraki ilk 15 giin. a, b = grup igersinde farkli harf tasryan ortalamalar
arast farklilik onemlidir (P<0.05). * 1, # = farkli isaret tagryan gruplar arasi farklilik énemlidir.
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Figure 3. Mean value of magnesium concentration (mmol/L) in blood plasma depending on the reproductive cycle of
cows and sampling season. Values are meantS.E. Marks I, II represent different seasons, where: 1 =
summer period, I = winter period. A, B, C = different group of animals within different reproductive cycle,
where A = lactating cows, B = dry period, C = cows up to 15 days from calving. a, b = values with different
letters are statistically significant within the group (P<0.05). Marks * &, # = values with different labels are

statistically significant between groups.

Sekil 3. Reproduktif donem ve 6émekleme mevsimine bagli olarak kan plazmasi magnezyum konsantrasyonu
(mmol/L) ortalamalar1 (Ortalama deger + standart hata). [= yaz donemi, II = kis donemi;, A= laktasyondaki
inekler, B= kuru dénem, C=buzagilamadan sonraki ilk 15 gin. a, b = grup icersinde farkli harf tagiyan
ortalamalar arasi farklilik onemlidir (P<0.05). * o, # = farkl: isaret tasiyan gruplar arasi farklilik énemlidir.

The range of reference values of calcium in
cows is 2.2 — 3.0 mmol/L. (Jovanovi¢ et al.,
1997), 2.1 — 2.8 mmol/L (Merck, 2003), 2.43 —
3.1 mmol/L (Kaneko, 2008; Radostits et al.,
2000).

Our research has proved the influence of
sampling season on the value of calcium
concentration in lactating cows and those in dry
period (Figure 1). In cows up to fifteen days
from calving, the influence of sampling season
on the value of calcium has not been proved.
The calcium level depends on the feed so that
the varied botanical make-up of pastures, and
grazing in general, may be a cause of
significant  differences established during
various seasons of sample taking.

Certain values of calcium concentration
have shown significant differences depending
on the reproductive cycle of cows. The highest
value of calcium concentration has been
established in cows in the dry period with
samples taken in summer, while lactating and
pospartuerient cows have significantly lower
values of calcium concentration in the same

period. The mean calcium level determined
during summer in cows in dry period was found
to be higher (3.1 = 0.16 mmol/L) than those of
the other published research findings (Kaneko,
2008; Merck, 2003). Hypercalcacmia is not a
frequent phenomenon in ruminants. In cattle
hypervitaminosis D, provoked by a gencrous
addition of this vitamin in the animal feed, may
simultancously cause hypercalcacmia and
hyperphosphatemia (Roberson ¢t al., 2000).
This fact could account for the high values of
calcium in our research findings since during
the above indicated period of sample taking in
the group of cows in dry period the highest
values of phosphorus concentration were
determined (3.26 + 0.14 mmol/L), while in
other studies the reference values of phosphorus
in the cows in this group ar¢ in the range of
1.81-2.1 mmol/L (Kaneko, 2008; Radostits et
al., 2000; Whitaker, 2000) and 1.4-2.5 mmol/L
(Merck, 2003).

During summer period, significantly lower
levels of calcium were determined in cows
immediately after calving. In interpreting the



calcium level we should not neglect the
physiological hypocalcaemia which occurs after
calving, especially in dairy cows. If we make a
comparison with the established reference
values we can notice hypocalcaemia in many
periparturient cows. However, these values are
appropriate for the postpartal physiological
condition (Oltner and Bergland, 1983). Our
research has also shown that the lowest values
of calcium concentration have been determined
in cows up to fifteen days from calving, while
in winter period the calcium level amounted to
2 mmol/l. The calcium value below 2 mmol/L
is considered to be critical (Underwood, 1969).
During the same sampling season somewhat
higher values, but not significantly higher, were
determined in cows in the dry period.
Significantly higher values of calcium were
determined during the same sampling period in
lactating cows (Figure 1). The studies
conducted on dairy cows indicate that milder
forms of hypocalcaemia during peripartal
period may cause disease. In other words, the
connection was established between
hypocalcacmia in dairy cows in peripartal
period and abomasum displacements as well as
the uterus prolapse.

The research about calcium Ilevel in
dependence on the physiological condition and
secasonal variations did not show the influence
of the above indicated factors on calcium values
in cows (Yokus et al., 2006). However, Kri¢ et
al. (2003) reported not only considerably lower
calcium values in cows 1-5 days from calving
but also hypocalcaecmia in lactating cows and in
cows 5-10 days before calving. Lower bottom
values of calcium are also reported by Olayemi
et al. (2001). They found that 39% of cows had
the calcium concentration lower than 2 mmol/L.

According to literature data, the reference
values of phosphorus in cows are in the range
of 1.81-2.1 mmol/L (Kaneko, 2008; Radostits
et al., 2000; Whitaker, 2000) and 14-2.5
mmol/L. (Merck, 2003). The findings in our
research indicate that phosphorus concentration
was greatly influenced by the sampling season
as well as the reproductive cycle of cows
(Figure 2). Phosphorus values are primarily a
reflection of phosphorus intake through feed
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(Whitaker, 2000). The influence of phosphorus
ration concentration on phosphorus values in
blood plasma was reported by Huffman et al.
(1933). Palmer and Eckles (1927) reported low
values of phosphorus in the blood of animals
fed in phosphorus-deficient regions. Our
research findings indicate a greater need of
cows for phosphorus than that provided by
plants contained in the animal diet, and this is a
direct consequence of low values of this
mineral in the soil composition. The age of
animals also influence the value of phosphorus
concentration. In other words, the phosphorus
level increases with the age of animals (Roussel
et al., 1982). As carly as 1919, Meigs et al.
(1919) observed phosphorus variations in the
blood plasma of cows commensurate with their
age, gravidity and lactation. Health disorders
which are a direct outcome of hypo-
phosphatemia and hypocalcaemia occur most
commonly in the period around calving. This is
the most vulnerable phase in respect of
homeostasis of calcium and phosphorus since
the organism must provide in a short time
interval big quantities of these macro elements
indispensible for lactic glands at the beginning
of lactation. The imbalance of calcium and
inorganic phosphorus results in the disturbance
of locomotors system slowed down involution
of the uterus, irregular cycles, abortions and
endometritis.

The values of magnesium concentration in
literature varies widely such as 0.8—-1.3 mmol/L
(Whitaker, 2000), 0.7-1.2 mmol/L (Merck,
2003), 0.74-095 mmol/L (Kancko, 2008;
Radostits et al., 2000). In our research we have
established the influence of the sampling season
on the value of magnesium in cows in the dry
period, while in other two groups of cows this
influence was not detected (Figure 3). Since the
value of magnesium in blood is a reflection of
the nutritious value of animal feed, we assume
that this factor affected the values obtained in
our research. Mg resorption from the rumen
may become decreased due to the excessive
intake of azotes and calcium and the decreased
intake of phosphorus and sodium. The soils rich
in calcium or those intensively fed with mineral
fertilizers based on calcium carbonate and azote
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represent high-risk areas for the emergence of
hypomagnesaemia in cattle.

Considering the fact that the level of
magnesium in blood is primarily a reflection of
its intake through feed rather than its reserves in
the organism (Whitaker, 2000), we can assume
that animals have obtained different quantitics
of this element through animal feed.

The supply level of an organism with
minerals depends exclusively on their intake
through the digestive system. In spite of this, a
sufficient quantity of minerals in a ration does
not at the same time imply that it is a sufficient
quantity for the organism as such. Resorption of
minerals depends on their loss through
procreation and milk. In our research we have
established the influence of the sampling season
and the physiological condition, namely, the
phase of the reproductive cycle, on the values
of the examined minerals. Significantly lower
values of calcium were determined during
summer sampling in postparturient cows than
those of lactating cows and those of cows in the
dry period. Calcium is especially important in
the diet of dairy cows because of the high
calcium content in milk, but also because of
postpartal paresis. The values of phosphorus
indicate the influence of the sampling season,
but also the physiological condition of cows.
The biggest variations in  phosphorus
concentrations were determined in the period
around calving with the increasing need of
lactic glands at the beginning of lactation. The
influence of sampling season on magnesium
concentration was determined only in cows in
the dry period, while the influence of the phase
of the reproductive cycle was manifested in
significantly lower values of magnesium
concentration in cows in the dry period during
summer sampling.

In conclusion, in order to clarify the
conditions which bring about the above
indicated changes we suggest to carry out our
future research under the controlled conditions
in respect of nutrition.

REFERENCES

Alfaro, E., Neathery, M.W., Miller, W.J., Crowe,
C.T., Gentry, R.P., Fielding, A.S., Pugh,
D.G., Blackmon, D.M., 1989. Influence of a
wider range of calcium intakes on tissue
distribution of macroelements and
microelements in dairy calves. Journal of Dairy
Science 71, 1295-1300.

Anastasiadis, P., Kiéhler, R., Rimpler, M., 1981.
Pathobiochemistry of mineral and trace
elements. III magnesium concentration in whole
blood and serum of pregnant women and
newborn. Zeitschrift fur Geburtshilfe und
Perinatologie 185, 100-105.

Barnouin, J., 1991. Components of the diet in the dry
period as risk factors for milk fever in dairy
herds in France. Preventive Veterinary
Medicine 10, 185-194.

Bauman, D.E., Currie, W.B., 1980. Partitioning of
nutrients during pregnancy and lactation: A
review of mechanisms involving homeostasis
and homeorhesis. Journal of Dairy Science 63,
1514-1529.

Greene, L.W., Webbe, K.E., Fontenot, J.P., 1983.
Effect of potassium level on site of absorption
of magnesium and other macroelements in
sheep. Journal of Animal Science 56, 1214-
1221.

Grunberg, W., Constable, P., Schroder, U., 2005.
Phosphorus homeostasis in dairy cows with
abomasal displacement or abomasal volvulus.
Journal of Veterinary Internal Medicine 6, 894-
898.

Hansard, S.L., Comar, C.L., Plumlee, M.P., 1954.
The effect of age upon calcium utilization and
maintenance requirements in the bovine.
Journal of Animal Science 13, 25-36.

Hoffis, G.F., St Jean, G., Rings, M.D., 1989.
Hypomagnesemia in ruminants. Compendium
on Continuing Education for the Practicing
Veterinarian 4, 519-527.

Huffman, C.F., Robinson, S., Duncan, C.W., Lamb,
L.W., Mason, M.F., 1933. A study of the
phosphorus requirement of dairy cattle. Journal
of Dairy Science 3, 203-223.

Jovanovié, J.M., Rajié¢, 1., Pesterac, V., Créev, D.,
Cokrevski, S., 1997. Parametri krvi visoko
steonih 1 tek oteljenih krava hranjenih obrocima
razliditog sastava. Veterinarski Glasnik 51, 231-
244.

Kaneko, J.J., 2008. Carbohydrate Metabolism and Its
Diseases. In: Kaneko, J.J., Harvey, J.W., Bruss,
M.L., (Eds.), Clinical biochemistry of domestic



animals. 6th edition. Academic Press, New
York, pp. 64.

Krnié, J., Podzo, M., Hodzi¢, A., Hamamdzi¢, M.,
Pasi¢-Juhas, E., Mihaljevic, M., 2003.
Metabolicki  profil krava u laktaciji 1
peripartalno. Veterinaria 52, 75-86.

Kruger, J.M., Osborne, C.A., Nachreiner, R.F.,
Refsal, K.R., 1996. Hypercalcemia and renal
failure. Etiology, pathophysiology, diagnosis,
and treatment. Veterinary Clinics of North
America: Small Animal Practice 26, 1417-1445.

Littledike, E.T.S., Whipp, S.C., Witzel, D.A.,
Baaetz, A.L., 1998. Insulin, corticoids and
parturient paresis. In: Goff, J.P., Horst, RL.,
Factors to concentrate on to prevent
periparturient disease in the dairy cow with
special emphasis on milk fever. 31st Annual
Convention Proceedings AABP, Spokane, WA,
Academic Press, New York, pp. 154-163.

Meigs, E.B., Blatherwick, N.R., Cary, C.A., 1919.
Contributions to the physiology of phosphorus
and calcium metabolism as related to milk
secretion. Journal of Biological Chemistry 37,
1-75.

Merck, 2003. Merck veterinary manual. 8th ed., Merck
Co., Inc Whitehause Station, NJ, USA.

NRC, 2002. Nutrient requirements of dairy cattle. 6th
ed. National Academy Press, Washington D.C.

Nurmio, P., Roine, K., Kokkola, P., 1974.
Observations on non-parturient hypocalcaemia
in cattle. Nord Veterinary Medicine 26, 483-
494.

Olayemi, F.O., Oyewale, J.O., Fajinmi, J.L., 2001.
Plasma electrolyte, protein and metabolite
levels in Nigerain White Fulani cattle under two
different management systems. Tropical Animal
Health and Production 33, 407-411.

Oltner, R., Bergland, B., 1983. Leukocytes packed
cell volume, glucose, wurea, calcium,
inorganicphosphorus and magnesium in the

blood of dairy cows. Journal of Veterinary
Medicine 30, 530-541.

Palmer, L.S., Eckles, C.H., 1927. Effect of
phosphorus  deficient rations on blood
composition in cattle. Proceedings of Society
for Experimental Biology and Medicine 24,
307.

Phillipo, M., Reid, G.W., Nevison, LM., 1994.
Parturient hypocalcaemia in dairy cows: effects
of dietary acidity on plasma minerals and
calciotrophic hormones. Research in Veterinary
Science 56, 303-309.

Nejra Hadzimusic, Josip Krnic¢

Radostits, O.M., Blood, D.C., Gay, C.C., 2000.
Veterinary Medicine. A textbook of the diseases
of cattle, sheep, goats and horses. 8th ed.,
London.

Roberson, J.R., Swecker, W.S., Hullender, L.L.,
2000. Hypercalcemia and hypervitaminosis D in
two lambs. Journal of the American Veterinary
Medical Association 7, 1115-1118.

Rosol, T.J., Capen, C.C., 1997. Calcium-regulating
hormones and diseases of abnormal mineral
(caleium, phosphorus, magnesium) metabolism.
In: Kaneko, I.J., Harvey, J.W., Bruss, M.L.
(Eds.). Clinical Biochemistry of Domestic
Animals 5th ed. Academic press, San Diego,
pp. 619-680.

Roussel, J.D., Aranas, T.J., Seybt, S.H., 1982.
Metabolic profiles testing in Holstein cattle in
Louisiana: Reference values. American Journal
of Veterinary Research 43, 1658-1660.

Shultz, L.H., 1988. Metabolic problems related to
nutrition, Milk fever, ketosis and the fat cow
syndrome. In: Church, D.C. (editor) The
Ruminant Animal: Digestive Physiology and
Nutrition Prentice-Hall, Inc., Englewood Cliffs,
NI, pp. 493-511.

Stojevi¢, Z., Emanovié¢, D., Milinkovi¢-Tur, S.,
Duzel, S., 1993. Magnesium absorption from
the swine caecum. 1. Effect of different
magnesium and ammonium concentrations in
the contents on the intensity of magnesium
absorption. Veterinarski Arhiv 63, 265-272.

Underwood, E.J., 1969. Los minerales en la
alimentacién del Ganado. Acribia, Zaragoza,
Spain.

Whitaker, D.A., 2000. Use and interpretation of
metabolic profiles in dairy cows. In: Andrews,
AH. (Ed), The Health of Dairy Cattle.
Blackwell Science, Oxford, UK, pp. 89-107.

Yokus, B., Cakir, D.U., Kanay, Z., Toprak, G.,
Uysal, E., 2006. Effects of seasonal and
physiological ~ variations on the serum
chemistry, vitamins and thyroid hormone
concentrations in sheep. Journal of Veterinary
Medicine Series A. 53, 271-276.



