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Abstract

Within three years was analyzed mineral content (Ca, Mg) in feed and blood serum of dairy cows. Samples of serum and TMR - total mixed ratio, were 
from dairy farms (n = 24) from different regions of Slovakia. In samples was determined average levels of the calcium (Ca) and the magnesium (Mg) 
according to the methodology used by the Official lists methods and laboratory diagnosis of food and feed. The significant increase (P≤.0.05) of serum 
Ca level was found in cows in before calving in the B period and the statistical increase (P≤.0.05) of the serum Ca level were recorded in dairy cows in 
after calving in period C with comparison to the dairy cows in period A. In the period top lactation in the period B was observed decrease the serum Ca 
(33.8%) and in in the period C was decrease only 17.64%. In the period antepartum and postpartum was a decrease the serum Ca between from 20.75 to 
31.90%. The serum magnesium in the period antepartum in the period B were decrease 38.03 % and 8 % decrease the serum Mg was in the period C - top 
lactation. Calcium and magnesium contens in TMR for dairy cows in production phases were in the range declared by the NRC (2001).
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Introduction

The amount of minerals in feed varies within a very wide range 
depending on ecological conditions, the composition of crops, the 
content of access nutrients in the soil, and the intensity of fertilization. 
The use of minerals from feed can be altered by the combination of 
feeds, but also by the intensity and the way of grass fertilization and 
the different representation of grasses, clover and herbs [1,2]. Mineral 
elements have crucial role in animal production and health. Minerals, 
in the form of chemical compounds, are naturally available through 
geological processes in the form of simple salts to very complex 
silicates [3]. Minerals are grouped into macrominerals, i.e. calcium 
(Ca), magnesium (Mg), sodium (Na), potassium (K), and phosphor 
(P), and microminerals, i.e. iron (Fe), copper (Cu), zinc (Zn), copper 
(Co), and manganese (Mn) [4]. Minerals have a special role in 
ensuring efficient growth, reproduction and immunocompetence in 
animals. Macrominerals are required in the development of bones 
and teeth and are also found in lipids, proteins, muscle, and tissue, 
while microminerals have a great impact on animal’s reproductive 
physiology and its imbalance causes various problems leading to 
lower reproductive efficiency. Mineral level can also be used for rapid 
and accurate in-vivo classification of cattle according to organic and 
non-organic production type [5]. The dairy cow experiences most 
physiological stress during the transition period when it moves 
from the demands of fetal growth through to calving, colostrum 
production and, eventually, maximal milk production. In addition to 
these drains on the animal’s physical resources, the cow must be in 
a suitable physiological state to ensure repair of any tissue damaged 

during calving, and to maintain resistance to disease challenges [6]. 
For high-quality control of health and nutrition status it is therefore 
necessary to gain detailed information about the changes in the 
internal environment during the individual stages of the productive 
life of animals [7]. Determination of indicators of the metabolic profile 
in course of the breeding season helps to diagnose the metabolic 
problems of the animals [8]. Cows’ nutrition and feed technology 
belong to the external factors that affect their production. TMR 
– total mixwed ration (mixed feed) is considered to be the optimal 
way to provide a balanced amount of nutrients for dairy cows. It is 
a feeding system for dairy cows, the essence of which consists in the 
combination of bulk fodder, grain, protein, minerals, vitamins and 
various additives [9]. Of the voluminous feed, the lucerne, clover and 
hay are rich in calcium. The most calcium-containing silage contains 
clover and lucerne silage. The opposite value shows corn silage in 
which the calcium value is seven times lower. The magnesium content 
in feed plants depends on the magnesium content of the soil, the soil 
pH and the fertilizer application method [10]. When feeding dairy 
cows, the requirements of dairy cows must be taken into account, 
especially during the breeding cycle [11]. The aim of our work is to 
monitor the occurrence of calcium and magnesium in TMR and in the 
blood serum of dairy cows.

Materials and Methods

Within three years (first year A, second year B, third year C), the 
calcium (Ca) and magnesium (Mg) content of the blood serum of 
dairy cows and TMR were monitored. Feed samples - TMR and blood 
serum came from Slovak breeds of production dairy cows (n = 24). 
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Samples of TMR (A - n = 30; B - n = 36; C - n = 36) and blood serum 
(A - n = 180; B - n = 216; C - n = 216) 21 days before calving, - 21 
days after calving and at the peak of lactation. For the determination 
of mineral substances in samples of plant and biological material, the 
methodology used in the List of Official Methods and Laboratory 
Diagnostics of Food and Feed [11] was used.

Blood samples were collected in the morning via the jugular vein. 
After proper clotting, the blood samples were centrifuged at 3500 
rpm for 15 minutes and the serum samples were stored at -20°C until 
analyses. Before measuring, serum samples were deproteinized by 
supplementing trichloracetic acid at a 1:1 ratio. After centrifugation, 
the content of Ca and Mg in the supernatant was measured directly by 
using the flame method of an atomic absorption spectrometer (Unicam 
Solar, 939, Great Britain). Feed samples were processed by digestion 
in the microwave oven (MLS-1200 Mega, Milestone) by using 5 mL 
HNO3 and 1 mL HCl per 1 g of sample. The program of digestion 
was as follow: 1st step-250 W, 2 minutes; 2nd step-0W, 2 minutes; 
3rd step-250W, 5 minutes; 4th step-400 W, 5 minutes; 5th step-500 
W, 5 minutes; and 6th step-600W, 2 minutes. The digested samples 
of feeders were analyzed for the presence of Cu and Zn by using the 
flame method of an atomic absorption spectrometer (Unicam Solar, 
939, Great Britain). The flame conditions were those recommended by 
the instrument manufacturer for Ca and Mg (wavelength 422.7 and 
285.2, respectively, band pass 0.5 nm). The content of Cu and Zn in 
forage and blood were determined according to the methodology used 
by the Official lists methods and laboratory diagnosis of food and feed.

Statistical Analysis

The statistical evaluation of the results has been done by the 
program of microsoft Excel 7.0, using Student’s t-test at (P≤0.05) and 
(P≤0.01) level of significance. For the calulation of means, values 
below the detection limits were set to zero. We compared the values 
from each of the three years A, B, and C and between the individual 
production phases.

Results and Discussion

Calcium and Magnesium In Feed

The observed amounts of calcium and magnesium in mixed feed 
- TMR samples over the reference period are summarized in Table 1. 
The mean contents of calcium in feed intended for dairy cows in before 
calving dairy cows in the periods A and B (5.49 ± 1.97, 6.00 ± 0.59 g 
/ kg) were at tolerance values   (4.00–6.00 g / kg ) reported by [12]. In 
the period C, the calcium content was slightly increased by 6.45 ± 2.69 
g / kg. The decreased calcium content was recorded in the TMR after 
calving at each observation period (Table 1) and in the A period at the 
top of lactation (6.93 ± 1.16 g / kg) and in the period B (5.93 ± 1.34 g / 
kg) compared to [12]. In the period C in feed intended for dairy cows 
at the peak of lactation (7.47 ± 2.09 g / kg), the amount of calcium was 
tolerated. In feed, in the B period was found the significant increase 
(P≤0.01) of the contents of Mg for dairy cows feeding in before calving 
in compared to the dairy cows from the period A. In the period C, in 
the feed was recorded the statistical increase (P≤0.05) of contents Ca 
in dairy cows feeding in top of lactation with comparison to the dairy 

cows from period B. Compared to the values   reported by [13] in the 
curve samples of TMR (before calving 7.69g / kg, after calving 8.88 g 
/ kg and at the top of lactation 8.49g / kg), the values   of calcium are 
lower. In India, [14] found average quantities of Ca 0.63% in mixed 
feeds for dairy cows that are similar to our findings. He pointed to a 
strong correlation between the calcium and magnesium content of the 
plants and the blood serum content of the dairy cows.

Table 1. The concentration of Ca and Mg in feed for dairy cows.

g/kg Before calving After calving Top of lactation

 x ± s  x ± s x ± s

A Ca 5.49 ± 1.97 6.52 ± 0.59  6.93 ± 1.16

Mg  3.17 ± 0.76  3.62 ± 0.64 3.87 ± 1.17

B Ca  6.00 ± 0.59 6.75 ± 1.38 5.93 ± 1.34

Mg 4.12 ± 0.77 **  4.07 ± 0.53  4.10 ± 0.75

C Ca  6.45 ± 2.69 6.72 ± 2.9 7.47 ± 2.09 *

Mg 3.94 ± 1.49  3.87 ± 1.41  4.18 ± 0.62

x = mean concentrations; s = standard deviation; statistically significant * p≤ 0.05 ; ** 
p≤ 0.01.

Magnesium content in the TMR monitored was increased 
compared to NRC (2001). Increased amounts of magnesium were 
found in postpartum feed during periods A, B, and C (3.62 ± 0.64, 
4.07 ± 0.53 and 3.87 ± 1.41 g / kg). In feed, in the B period was found 
the significant increase (P≤0.01) of the contents of Mg for dairy cows 
feeding in before calving in compared to the dairy cows from the 
period A. In India, low levels of magnesium (0.28% Mg) were found 
in mixed feed for dairy cows [14, 15]  reported low levels of calcium 
in feed, where the soil had an adequate amount of calcium, and the 
magnesium concentration in the soils was below the critical level, but 
the feed was higher.

Calcium and Magnesium In Blood Serum

The mean levels of serum calcium found in the dairy cows before 
calving, after calving and top of lactation over the reference period 
were within the reference values   (2.25–3.00 mmol / l) (Table 2). The 
significant increase (P≤.0.05) of serum Ca level was found in cows in 
before calving in the B period in comapred to the cows in the period 
A. Similarly, the statistical increase (P≤.0.05) of serum Ca level were 
recorded in dairy cows in after calving in period C with comparison 
to the dairy cows in period A. In the A period of the group of dairy 
cows that were in before calving, individual mild reductions in serum 
calcium were 31.9%, and 30.9% after calving and 25.72% at the top 
of lactation. In period B, individual serum calcium reduction was 
observed in 28.16% of dairy cows before calving, 23.4% after calving, 
and 33.6% of dairy cows at the top of lactation. A slight decrease 
in serum calcium was also observed in C period in the individual 
production stages of dairy cows ranging from 17.64% to 24.07% of 
dairy cows. Plasma Ca concentrations are reduced in early postpartum 
cows, because of increased demand of Ca for synthesis of milk coupled 
with the relativelyslow response in up-regulating Ca absorption 
from the intestinal tract. The postpartum depression in plasma and 
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ionized Ca is greater in older cows [16]. [16,17] reported the lower 
concentration in blood serum of Ca of dairy cows in the individual 
production phases in compared to our results.

Table 2. The concentration of Ca nad Mg in blood serum of dairy cows.

mmol/L

 

before calving after calving top of lactation

x ± s  x ± s  x ± s

A Ca 2,21 ± 0.30 2.28 ± 0.31 2.35 ± 0.38

Mg 0.81 ± 0.08 0.78 ± 0.10 0.84 ± 0.13

B Ca 2.39 ± 0.27 * 2.70 ± 0.72 2.41 ± 0.41

Mg 0.87 ± 0.28 0.80 ± 0.16 0.87 ± 0.19

C Ca 2,42 ± 0,46 2,34 ± 0,4 2,40 ± 0,30

Mg 0,87 ± 0,14 0,88 ± 0,15 * 0,90 ± 0,10

x = mean concentrations; s = standard deviation; statistically significant * p≤ 0.05.

Similarly, mean serum magnesium levels in the reference period 
in dairy cows ranged within the reference values (0.74–1.23 mmol/l). 
We observed a decrease in serum magnesium in period A and B 
in individual production, before claving 35.2% and 38.03% , after 
calving 29.55% and 37.41%, top of lactation 22.72% and 19.12%, 
respectively. In period C, the reduction in serum magnesium over the 
reference values   was lower than 8% for dairy cows in the individual 
production phases. The observed slight decrease in serum calcium 
in the production phases in some dairy cows in the studied holdings 
revealed hypocalcaemia. Hypokalaemia occurs with increased 
colostrum formation. Insufficient parathyroid hormone concentration 
and decreased receptor activity for calcium in the gut and bones is 
not enough to keep blood calcium levels within physiological limits. 
Concurrent changes in magnesium concentration and disruption 
of Ca / Mg ratios occur. Disturbance of the mutual relationships of 
minerals, especially calcium and magnesium, causes CNS disorders, 
circulatory and energetic metabolism [18, 19, 20]. Some papers 
present concentrations of biochemical parameters in the blood of 
cows at different stages of lactation; their comparison is limited as 
the values are determined by different methods. They have a different 
number of animals, with different genetic equipment and kept under 
different conditions [17, 18, 21].

Conclusion

In conclusion, at work we monitored calcium and magnesium 
content in feed and blood serum of dairy cows in selected breeds 
of d airy cows for three years. Mineral deficiency in dairy cows can 
be the primary cause of many metabolic and production disorders. 
This study revealed some differences in blood serum. Reduction 
of serum calcium in production phases in dairy cows, the initial 
stage of hypocalcaemia in dairy cows. By following the principles 
of differentiated feeding of dairy cows by production phases and by 
monitoring the levels of minerals in blood serum and feed, avoid 
metabolic and production disorders.
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