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Abstract

Introduction. The aim of this study was to determine and compare levels of blood serum
calcium, inorganic phosphorus and magnesium in the peripartal period and during mid
lactation in Holstein dairy cattle.

Materials and Methods. Blood samples were collected from 12 cows in late pregnancy, 12
eatly lactation cows, and 12 mid lactation cows.

Results and Conclusions. Serum calcium and inorganic phosphorus in blood of dairy cows
in eatly and mid lactation were significantly lower compared to the values in the blood
serum of dairy cows in late pregnancy, probably indicating the increased use of these
macro elements by the mammary gland at the early stages of lactation. When the cows
were in the lactation period, blood serum magnesium levels were significantly lower
compared to the values of dairy cows during late pregnancy, probably indicating the
increased use of magnesium by the dairy cows during lactation. The results show that
the homeostasis of the macro elements examined in the blood of transition and mid
lactation dairy cows was maintained, suggesting their adequate supply from alimentary
sources.
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INTRODUCTION

Macro elements are essential to maintain the normal function of vital biochemical
processes in the dairy cow’s body. Different degrees of deficiency of these inorganic
substances can lead to clinical and subclinical symptoms, and significantly reduce
productive and reproductive performance in dairy cows (Ivanov et al. 1993; Taylor,
2009). Lactating dairy cows use large quantities of calcium for milk synthesis (Thilsing
et al., 2007). Hypocalcemia in intensively managed dairy cows causes periparturient
paresis and contributes to “downer cow syndrome”, while during lactation it can also
cause fertility disorders (Kalaitzakis et al., 2010). Deviation from the normal values
of the calcium and inorganic blood parameters of cows in early lactation, as well as
their deficiency in the diet can lead to subclinical or clinical manifestations (puerperal
paresis, tetany), which have a negative impact on health and fertility (Roche & Berry,
20006; Holtenius et al., 2008; Kalaitzakis et al., 2010; Kamiya et al., 2010; Kronqvis
et al,, 2011). Late pregnancy and the beginning of lactation present a burden for the
cow’s physiology, as it has increased demands for calcium, which is necessary for the
construction of the fetal skeleton. Veterinarians recognize the critical nature of the
transition period, as it relates to periparturient disease (Van Saun, 2014). Phosphorous
is the second most important macro element for bone tissue production. In addition,
it participates in the cellular process of phosphorylation and energy production,
affects acid-base balance and plays a role in the detoxification process (Sevinc et al.,
1997; Reinhardt et al., 2011). Determination of calcium, magnesium and inorganic
phosphorus in the blood serum is of important diagnostic value in preventing
puerperal paresis and other diseases (Overton & Waldorn, 2004; Djokovic et al,,
2009; Kamiya et al., 2010). Critical control points to prevent periparturient metabolic
disease and improve lactational and reproductive performance were identified as:
maximize dry matter intake; provide a propetly balanced diet; maintain calcium status,
and; minimize immune dysfunction (Van Saun, 2013). These nutrients play a critical
role in physiological processes related to health, growth, and reproduction, and in the
adequate function of the immune and endocrine systems. Blood levels of calcium,
inorganic phosphorus, and magnesium in dairy cows during the peripartal period and
lactation reflect metabolism of these macro elements or their supply through feed and
their utilization by peripheral tissues, the mammary gland in particular (Ivanov et al.,
1993; Taylor, 2009; Djokovic et al., 2014). However, their values can differ in cattle for
many reasons, among which is the breed (Littledike et al., 1995). The aim of this study
was to determine and compare levels of blood serum calcium, inorganic phosphorus
and magnesium in peripartal period and during the mid of lactation in Holstein dairy
cattle.
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MATERIALS AND METHODS

Animals, diets and protocol design

Atotal of 36 dairy cows were randomly selected from the same Holstein herd containing
445 cows (Farm: Sarulja, Kni¢, Central Serbia). The cows were high-yielding with a
preceding lactation of about 8500 1. Three groups of clinically healthy cows were
chosen from the herd. Group 1 consisted of cows in late pregnancy (n=12) from 30
to 1 day (28£15) to partus; Group 2 consisted of early lactation cows (n=12) in the
first month of lactation (22£15 days); Group 3 included mid lactation cows (n=15)
with between 90 to 150 days of lactation (133175 days). The experimental cows were
free in open-stall barns. Diet and housing facilities were adapted to research purposes,
with diet suited to the energy requirement of late pregnancy, early and mid lactation
cows. Diet for cows in late pregnancy consisted of 7 kg grass hay, 5 kg corn silage
(30% Dry Matter (DM)), 4 kg sweet corn silage, 6 kg beet noodle silage, 5 kg straw, 1
kg concentrate (18% crude protein (CP)). Diet for eatly lactation cows consisted of 4
kg grass hay, 10 kg corn silage (30% DM), 20 kg sweet corn silage, 12 kg beet noodle
silage, 4 kg concentrate (18% CP) and 1 kg molasses. Diet for mid lactation cows
consisted of 4.5 kg lucerne hay, 19 kg corn silage (30% DM), 16 kg beet noodle silage,
9 kg concentrate (18% CP) and 1.2 kg soybean expeller.

Sample collection

Blood samples were collected at 9 a.m. about 3 h after milking and feeding. Blood
samples (10 ml) were taken by jugular venipuncture into a sterile tube from each
animal, and the blood serum was separated by centrifugation at room temperature
(1.800xg, 15 min). Blood serum was stored at -20°C until biochemical analyses.

Biochemical analyses of blood serum

The concentrations of calcium and magnesium in serum were determined by atomic
absorption spectrophotometry (AAS), method QP-11.09 (SRPS ISO 8070:2013) and
inorganic phosphorus with method QP-11.55 (SRPS EN 15621:2017), using the
spectrophotometer BT 1000, Biotehnica Italia.

Statistical analysis

The statistical analysis of the obtained data was carried out by ANOVA-procedure
(Statgraphics Centurion, Statpoint Technologies Inc., Warrenton, Virginia, USA).
Analysis of variance was used to evaluate the probability of the significance of the
differences between mean parameter values in each group. Values of p<0.05 were
considered significant.
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RESULTS

Results for the blood macro elements studied for all groups of cows ate shown in
Table 1.

Table 1. Blood macro elements in late pregnant, early and mid lactation dairy cows (n=12 in
each group). Results are expressed as mean £ standard deviation (SD)*

Variables Cows in Late pregnancy Early lactation cows Mid lactation cows
Ca (mmol/I) 2.07+ 0.17° 1.85+0.15" 1.9240.16"
P (mmol/l) 2.33% 0.30° 2.13%0.16" 2.22+0.13%
Mg (mmol/1) 1.20£0.17* 1.03£0.29" 1.04+0.14°

*Different letters in the same row indicate a significant difference at p < 0,05

The results show that among this group of Holstein dairy cows, lowest calcium levels
were found in early and mid lactation, and these values were significantly lower (p<0.05)
than the level of calcium in the blood of dairy cows in late pregnancy. Similarly to
serum calcium, inorganic phosphorus values were significantly lower (p<0.05) in cows
in puerperium compared to the values of inorganic phosphorus in the blood of cows
in late pregnancy. The highest mean magnesium concentration was found in cows in
late pregnancy (1.20£0.17 mmol/l), and this level was significantly higher (p<<0.05)
than in early and mid lactation cows.

DISCUSSION

These findings are similar to the findings of other researchers, who suggest that a
sudden loss of calcium from the body occurs in puerperal cows, as for every liter
of colostrum, 1.0-2.0 g of calcium is consumed (Sevinc et al., 1997; Bojkovski et al.,
2005). Furthermore, a physiological decline of calcium in the blood holds steady for
several days, and on account of intensive milk production, serum calcium decrease
is correlated with the appearance of puerperal paresis (Sevinc et al., 1997). Calcium
metabolism is closely related with phosphorus metabolism and is responsible for the
proper metabolism of vitamin D (Green et al., 1981; Overton & Waldorn, 2004).
Inorganic phosphorus levels in the blood of cows are at low concentrations, in the
range of 2.1-3.0 mmol/l, while significantly more phosphorus is bound to organic
compounds such as phospholipids (Puls, 1998; Bojkovski etal., 2005). Similarly to serum
calcium, inorganic phosphorus was lower in cows in puerperium than in cows in late
pregnancy. Hypophosphatemia is present in the blood of highly productive Holstein
cows throughout the postpartum period. This condition is associated with the entry
of glucose in the glycolytic path of peripheral tissues, as well as the phosphorus being
used to supply the necessary quantities of mammary gland phosphorus (Grunberg et
al., 2009; Djokovic et al., 2009; 2014). Some authors believe that hypophosphatemia
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allows proper glucose metabolism which prevents ketosis immediately after calving
(Reinhardt et al.,, 2011). The sudden loss of phosphorus from the body occurs in
puerperal cows when 0.8-1.9 g phosphorus per liter of colostrum is spent (Bojkovski
et al. 2005). The current study shows a decrease in serum calcium and inorganic
phosphorus in the blood of cows in early lactation, suggesting increased use of
these macro elements by the mammary glands. The results show that blood calcium
and phosphorus levels were within the physiological limits (adequate supply) in all
experimental cows, with calcium levels approaching the limit values in puerperium
cows due to a sudden increase in mammary gland activity and increase in calcium
mobilization from both the blood and the body depots. Similar results have been
reported elsewhere (Puls, 1988; Ivanov et al., 1993; Littledike et al., 1995; Overton
& Waldorn, 2004; Djokovic et al., 2014). Magnesium, like calcium reduces neuro-
muscular irritability and a drop in its concentration in the blood results in spontaneous
muscle contractions or tetany (Holtenius et al. 2008). The results obtained in our study
show that the magnesiemia was within the normal range (Puls, 1988) in all studied
cows, and lower values were found in lactating cows. This probably points to the
increased use of magnesium during negative energy balance in early lactation.

CONCLUSION

Serum calcium, inorganic phosphorus and magnesium in the blood of Holstein dairy
cows in puerperium and during mid lactation were significantly lower than levels
determined in cows in late pregnancy, indicating the increased use of these macro
elements by the mammary gland of cows in early lactation. The results show that the
homeostasis of the macro elements tested in the blood of transition and mid lactation
dairy cows was maintained, suggesting their adequate supply from alimentary sources.
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ODREDIVAN]JE KALCIJUMA, NEORGANSKOG FOSFORA
I MAGNEZIJUMA U KRVNOM SERUMU RAZLICITIH
PROIZVODNIH GRUPA HOLSTAJN MLECNIH KRAVA

DJOKOVIC Radojica, CINCOVIC Marko, KURCUBIC Vladimir, ILIC Zoran,
PETROVIC D. Milun, PETROVIC Milos, ANDJELIC Biljana

Kratak sadrzaj

Uwod. Cilj ovog rada bio je utvrdivanje i uporedivanje nivoa kalcijuma, neorganskog
fosfora i magnezijuma u krvnom serumu u peripartalnom periodu i tokom sredine
laktacije kod hol$tajn mlec¢nih krava.

Materijal i metode. Uzorci krvi su sakupljeni od 12 krava u visokoj bremenitosti, 12 krava
u ranoj laktaciji i 12 krava u sredini laktacije.

Rezultati i zaklniak. Kalcijum u serumu i neorganski fosfor u krvi mle¢nih krava u ranoj
i srednjoj laktaciji bili su znacajno nizi u poredenju sa vrednostima u krvnom serumu
mlec¢nih krava u visokoj bremenitosti, verovatno ukazujuéi na poveéanu upotrebu ovih
makroelemenata od strane mle¢ne Zlezde u ranim fazama laktacije. Kada su krave
bile u toku laktacije, nivo magnezijuma u krvnom serumu bio je znacajno manji u
poredenju sa vrednostima kod krava u toku visoke bremenitosti, verovatno ukazujuci
na povecanu upotrebu magnezijuma kod mlec¢nih krava u toku laktacije. Rezultati
pokazuju da se homeostaza testiranih makroelemenata mle¢nih krava u krvi odrzava
tokom tranzicionog perioda i u sredini laktacije, $to ukazuje na njihovo adekvatno
snabdevanje iz hranljivih izvora.

Kljucne reci: holstajn krave, krvni serum, kalcijum, fosfor, magnezijum.
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