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Abstract
The objective of this study was to evaluate organic and inorganic blood parameters, i.e.
indicators of metabolic status in dairy cows (n=30) during the transition period. The cows
were divided into two groups. The first group (n=15) comprised clinically healthy prepartal
cows, and the second one included clinically health postpartal cows (n=15). Blood samples
were taken from all the examined dairy cows. Blood glucose levels were statistically
significantly lower (p<0.05) in the postpartum cows, which suggested an increased glucose
uptake by the mammary gland and decreased gluconeogenesis in the liver. The significantly
lower (p<0.05) blood triglyceride levels as well as the low total blood cholesterol levels
(p>0.05) in the postpartum cows indicated their accumulation in liver cells. Significantly
lower (p<0.05) blood levels of total protein, albumin and urea were recorded in the
postpartum cows, which suggested the reduced synthetic capacity of liver cells. Blood
bilirubin levels in the postpartum cows were significantly higher (p<0,01), which clearly
indicated the reduced excretory capacity of the liver. Blood calcium, phosphorus and
magnesium levels in the postpartum cows were lower, but they were not statistically
significant (p>0.05), which most likely resulted from the increased uptake of these blood
macroelements by the mammary gland. Biochemical evaluation suggested that early lactation
cows had metabolic disturbances associated with some degree of hepatic lesions, probably
due to fat infiltration.
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Introduction
During the transition period, from immediately before to after parturition, and with the
establishment of lactation, the organism in high-yielding dairy cows is pushed to its
physiological limits, reaching maximum until day 120 of lactation, resulting in a substantial
load on the organism, specifically on the digestive organs, liver, udder and the reproductive
organs. Major health disorders in high-yielding cows occur around parturition. They include
sudden changes in energy metabolism that are likely to induce severe uncontrolled disorders
of organic matter metabolism (Grummer, 1995; Overton and Waldron, 2004). Metabolic
conditions of negative energy balance (fasting, parturition and lactation) lead to an increased
uncontrolled rate of mobilization of body fat and its increased accumulation in liver cells,
resulting in disturbance of the physiological and  morphology integrity of the liver
(Veenhuizen et al., 1991; Reist et al., 2002; Bobe, 2004; Djoković et al., 2007, 2011).
Moderate fatty infiltration of liver cells in dairy cows during transition and maximum
lactation is considered to be almost physiological. The fat content of liver can range from 10-
60%, as dependent on the degree of pathology (Gaal, 1993). Increased metabolic load on the
dairy cows' organism and fat accumulation in liver cells resulting in decreased blood levels of
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individual liver-synthetized indicators of liver function (glucose, total protein, albumin,
globulin, cholesterol, triglyceride, urea). Furthermore, the excretory function of hepatocytes
is reduced and, accordingly, the levels of certain metabolic products in the blood (bilirubin,
ammonia, bile acids) are generally increased (Herdt et al., 1983; Holtenius, 1989; Veenhuizen
et al., 1991; Vazguez-anon et al., 1994; Reynolds et al., 2003; Sevinc et al., 2003; Bobe,
2004; Lubojacka et al., 2005; Djoković et al., 2007, 2011). The blood levels of calcium,
inorganic phosphorus and magnesium in cows during peripartal period, reflect the intake of
intake if these macroelements through diet and their utilization by the mammary gland. Any
reduction in these blood parameterss as compared  to the physiological  values in cows in the
beginning of lactation, or their deficiency, a well as an abnormal  relationship between them
most commonly lead to to subclinical and clinical manifestations  which adversely affect
cow health and fertility (Ivanov et al., 1993; Sevinc et al., 1997; Kupczynski et al., 2002).
The objective of this study was to evaluate organic and inorganic blood parameters, i.e.
indicators of metabolic status in dairy cows during the transitional period.

Materials and methods
This experiment was conducted in a dairy Simmental herd diagnosed with a number of
metabolic and reproductive disorders. The cows were mid-yielding with a preceding lactation
of about 6.500 l. Two groups of clinically healthy cows were chosen from the herd: Group 1,
consisting of late pregnant cows (n = 15) at 25 to 1 (13  9) days to partus, and Group 2,
including early post-partum cows (n = 15) in the first month of lactation (16  9 days). Body
condition scores (BCS) were recorded by the same observer using the 1~5 scale according to
Ferguson et al. (1994), with 1 being too thin and 5 too fat. Late pregnant and early lactation
cows had BSC 3.80  0.33 and 3.42  0.55, respectively. The experimental cows were kept
in tie-stall barns. The diet and the housing facilities were adapted to research purposes. The
diet suited the energy requirements for cows in late pregnancy and early lactation. The cows
in late pregnancy were fed a diet consisting of 6 kg lucerne hay, 15 kg maize silage (30%
DM) and 3 kg concentrate (18% crude proteins, CP). The cows in early lactation received a
diet consisting of 7 kg lucerne hay, 20 kg maize silage (30% DM) and 5 kg concentrate (18%
CP). Dietary nutrient contents for dairy cows in late pregnancy and early lactation are given
in Table 1.

Table 1. Nutrient contents in daily ration for dairy cows in late pregnancy and early lactation.

Late pregnancy Early lactation
Dry Matter (DM) (kg) 11.94 16.05
Net energy of lactation (NEL) (MJ) 65.25 87.15
Crude protein (CP) (% of DM) 12.55 13.58
Rumen undegradable protein (RUP) (% of CP) 30.86 35.91
Fat (% of DM) 3.27 3.15
Fiber (% of DM) 25.28 23.26

Blood samples were collected at 10:00 h or 4 to 6 hours after milking and feeding, by
puncture of the jugular vein into sterile disposable test tubes. After clotting for 3 hours at 4°C
and centrifugation (1500g, 10 minutes, 4°C), sera were carefully harvested and stored at -20
°C until analysis. Blood samples collected on fluoride were immediately centrifuged
according to the same modalities and plasmas were assessed for glucose concentrations. The
following blood biochemical components were measured at the Biochemical laboratory by
different colorimetric techniques using spectrophotometers (Cobas Mira and Gilford Stasar):
glucose, total cholesterol, total bilirubin, magnesium and inorganic phosphorus  using kits
from Human (Germany), albumin, urea and calcium using kits from Biosystem (Spain), total
protein and triglyceride  using kits from Elitech (France). Data were subjected to statistical
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analysis using the GLM model and t-test for difference of means between two independent
groups (late pregnancy group vs. early lactation group) (software: Statgraphic Centurion,
Statpoint Technologies Inc. Warrenton, Va, Virginia, USA). Differences were considered
significant at p values below 0.05.

Results and discussion
Blood metabolic organic and inorganic parameters in late pregnant and early lactation cows
were compared in this study. Table 1 shows the research results on the blood levels of
glucose, triglyceride, total cholesterol, total protein, albumin, urea and total bilirubin as well
as blood levels calcium, magnesium and inorganic phosphorus in dairy cows during
peripartal period.

Table 2. Metabolic parameters in the late pregnant cows and in the early lactation cows and
significant difference

Gruop Late pregnancy Early lactation
n 15 15

Glucose (mmol/l) 3.36  0.30a 2.29 0.48b

Triglyceride (mmol/l) 0.29  0.07a 0.12  0.02b

Total cholesterol (mmol/l) 3.48  1.07a 3.24  0.81a

Total protein (g/l) 78.89  4.92a 75.27  4.49b

Albumin (g/l) 42.57  7.53a 34.61  3.56b

Urea (mmol/l) 5.29  1.32a 3.60 1.07b

Bilirubin  (µmol/l) 3.91  1.85a 5.22  1.05b

Calcium(mmol/l) 2.25 0.26a 2.16 0.29a

Magnesium (mmol/l) 0.91 0.16a 0.85  0.19a

Inorganic phosphorus
(mmol/l)

1.59 0.31a 1.46  0.18a

Legends: Mean values within a row with no common superscript differ significantly (P<0.05).

Glucose is a blood parameter defining the energy metabolism in late pregnancy and early
lactating cows. Blood glucose values in late pregnant cows were within the physiological
range of 2.5 - 4.2 mmol/l (Radostits et al., 2000), whereas hypoglycemia was detected in
early lactation cows. The postparturient cows showed statistically significantly lower
(p<0.05) blood glucose values as compared to the preparturient cows. The above results are
in agreement with the literature data (Veenhuizen et al., 1991; Grummer, 1995; Reist et al.,
2002; Djoković et al., 2007, 2011) indicating that physiological glycemia in early lactation
cows is at the lower physiological limit due to the sudden activity of the mammary gland and
increased lactose synthesis. Furthermore, the negative energy balance, lipomobilization and
increased fat accumulation in hepatocytes induce a considerable reduction in glucose
synthesis by gluconeogenesis in the liver. Lipid metabolism parameters include the blood
levels of triglyceride and total cholesterol. Significantly lower (p<0.05) blood triglyceride
levels were determined in the postparturient cows, the total cholesterol values being lower,
but statistically insignificant (p>0.05) as compared to those in the other group of cows. The
results suggested an increased accumulation of triglyceride and total cholesterol in liver cells
in the early lactation cows. The data are in agreement with the results obtained by other
authors (Pechova et al., 1997; Veenhuizen et al., 1991; Vazquez-Anon et al., 1994; Sevinc et
al., 2003; Djoković et al., 2007, 2011) showing that the triglyceride and cholesterol transport
from the liver into blood by the very low-density lipoproteins was  reduced due to
lipomobilization, the development of fatty infiltration and hepatocyte degeneration in early
lactation. Nitrogen metabolism parameters include determination of the blood levels of liver-
synthesized total protein, albumin and urea, the values there of decreasing in cases of liver
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cell damage (Lubojacka et al., 2005). Albumin is an indicator of the synthetic capacity of the
liver, its decrease in the blood to values as low as 20% being induced by chronic liver
diseases (Sevinc et al., 2003 ). The values of the above blood parameters were within the
physiological limits (total protein 60-80 g/l; albumin 30-40 g/l; urea 1.66-6.66 mmol/l;
Radostits et al., 2000) in all examined groups of cows. They were statistically significantly
lower (p<0.05) in the early lactation cows than in the other group of cows, suggesting the
reduced synthetic capacity of the liver cells in the early lactation cows. The reduced synthesis
of total protein, albumin and urea at the beginning of lactation in dairy cows is induced by the
development of fatty infiltration and degeneration of liver cells (Pechova et al., 1997; Sevinc
et al., 2003; Overtron and Waltron, 2004; Lubojacka et al., 2005; Djoković et al., 2011).
Blood bilirubin value is a highly sensitive indicator of the functional capacity of liver cells.
Reynolds et al. (2003) reported positive correlation between the blood bilirubin values and
the liver fat content. The blood bilirubin values recorded in the present study were within
physiological limits (0.85- 5.60 µmol/l; Radostits et al., 2000) in all examined groups of
cows. Significantly higher (p<0.05) values were determined in the early lactation cows
suggesting the disturbance in the excretory capacity of the liver cells due to fat accumulation
in the hepatocytes. Similar results were obtained by other authors (Herdt et al., 1983;
Holtenius,  1989; Bobe, 2004).
In this study, blood levels of calcium, magnesium and inorganic phosphorus were lower, but
no statistical significance (p>0.05) in postparturient  cows than in preparturient cows. The
obtained results on the blood level of macroelements showed that the calcium and inorganic
phosphorus values (Ca: 2.0-3.0 mmol/l; P:1.6-2.3 mmol/l; Radostits et al., 2000) in the blood
serum were under or at the lower physiological limit  in both groups of cows, which resulted
from the sudden activity of the mammary gland and its utilization of these macroelements.
The obtained results suggested the possible development of subclinical puerperal paresis in
early lactation cows.. Similar results were obtained by other authors (Ivanov et al.1993,
Sevinc et al.1997). Magnesium homeostatsis depends on an optimum supply from alimentary
sources and, hence, magnesium levels depend on ruminal resorption. Magnesium resorption
is insufficient in diets rich in potassium and proteins, but lacking cellulose. Magnesium
values in the early lactation cows were low within physiological  range (0.7-1.2 mmol/l;
Radostits et al., 2000) and in accordance with results of other authors (Ivanov et al.,1993;
Sevinc et al., 1997; Kupczynski et al., 2002) suggesting a reduced supply from alimentary
sources and/or increased utilization by mammary gland at the beginning of lactation.

Conclusion
Significantly lower (p<0,05) blood levels of glucose, total protein, albumin and urea were
found in the postparturient cows, which suggested the decreased synthetic capacity of liver
cells.Significantly lower (p<0.05) blood triglycerides values and low values of total
cholesterol (p>0.05)  in the postparturient cows suggest their being accumulated in the liver
cells, as opposed to the preparturient cows. Blood bilirubin levels were significantly higher
(p<0.05) in the cows at the beginning of lactation than in the preparturient cows, which
clearly indicated the decreased excretory capacity of the liver. The analysis of the blood
parameters as indicators of the functional capacity of liver cells suggested that early lactation
cows had metabolic disturbances associated with some degree of hepatic lesions, probably
due to fat infiltration, as opposed to the cows before parturition, in which the morphological
and functional capacity of hepatocytes was preserved. Blood calcium, phosphorus and
magnesium levels in the postpartum cows were lower, but they were not statistically
significant (p>0.05), which most likely resulted from the increased uptake of these blood
macroelements by the mammary gland.
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