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Abstract

Djokovic, R. D., V. S. Kurcubic and Z. Z. Ilic, 2014. Blood serum levels of macro - and micronutrients in 
transition and full lactation cows. Bulg. J. Agric. Sci., 20: 715-720

The objective of this study was to determine blood levels of macro- and micronutrients in Simmental cows (n=45) dur-
ing the transition period and full lactation. The experimental cows were assigned to three groups: Group A (n=15) including 
clinically healthy late gestation cows, Group B (n=15) comprising clinically healthy cows in the puerperium, and Group C 
(n=15) made up of clinically healthy full lactation cows. Blood samples were collected from all experimental cows. Blood se-
rum samples were analysed for calcium, magnesium, inorganic phosphorus, iron, copper, manganese, zinc and cobalt levels 
using spectrophotometry. Blood levels of macro- and micronutrients were within the physiological range in all experimental 
cows. Blood concentrations of calcium, magnesium and inorganic phosphorus in cows in the puerperium were statistically 
significantly lower (p<0.05) compared with those in dairy cows during late gestation and full lactation, which may indicate 
the increased use of these macronutrients in early lactation for the mammary gland. Serum levels of iron, copper, manganese 
and cobalt showed no significant variation (p>0.05) across cows, whereas serum zinc levels were significantly lower (p<0.05) 
in puerperium cows compared with late gestation and full lactation cows. The results show that the homeostasis of the macro- 
and micronutrients tested in the blood of transition and full lactation dairy cows was maintained, suggesting their adequate 
supply from alimentary sources.
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Introduction

Macro- and micronutrients are inorganic substances essen-
tial to maintain the normal function and living status in domes-
tic animals (Sharma et al., 2006; Kurćubić et al., 2010; Soetan 
et al., 2010). These nutrients play a critical role in physiological 
processes related to health, growth and reproduction, and the 
adequate function of the immune and endocrine systems. 

Blood levels of calcium, inorganic phosphorus and mag-
nesium in dairy cows during the peripartal period and lacta-
tion reflect their metabolism or supply of these macronutri-
ents through feed and their utilisation by peripheral tissues, 
the mammary gland in particular. Any decline in their blood 
levels below the physiological limit, any deficiency of these 

nutrients and their unfavourable ratio in lactating cows gen-
erally lead to subclinical and clinical manifestations that ad-
versely affect animal health and fertility (Daniel, 1983; Cur-
tis et al., 1983; Ivanov et al., 1993; Sevinc et al., 1997; Kupc-
zynski et al., 2002; Lean et al., 2006; Liesegang et al., 2007).

Low blood levels of calcium and magnesium in dairy pu-
erperium cows contribute to insufficient insulin production, 
leading to a disorder in organic nutrient metabolism and pre-
disposition to ketosis and fatty liver (Goff and Horst, 1997). 
In dairy cows, milk production and reproductive performance 
are reduced, muscle tone in the uterus is impaired, placental 
retention is a frequent disorder, uterine involution is delayed, 
and the service period is prolonged (Daniel, 1983). Magne-
sium deficiency in feeds for dairy cows inhibits the synthe-
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sis and secretion of parathormone, reduces the absorption of 
calcium and inorganic phosphorus in the digestive tract, and 
inhibits the production of the active form of vitamin D (1.25 
(OH)2 D3). Raising dietary magnesium from 0.3 % to 0.4 % 
of dry matter before calving reduces the risk of milk fever 
(puerperal paresis) by 62% (Wang and Beede, 1992; Goff and 
Horst, 1997; Lean et al., 2006).

Micronutrients (trace elements) such as iron, zinc, manga-
nese, copper, cobalt, selenium, iodine and chromium play an 
important role in dry matter intake, energy metabolism, mas-
titis incidence, reproduction, immune functions, and hoof 
health. Micronutrient deficiency in dairy cows results in re-
duced animal performance, such as impaired reproduction, a 
high incidence of mastitis, reduced milk yield, impaired im-
munity, and an increased degree of lameness due to laminitis 
(Miller, 1975; Dvořák et al., 1980; Olson et al., 1999; Stanton 
et al., 2000; Ballantine et al., 2002; Spears, 2003; Dobrzański 
et al., 2005; Nocek et al., 2006).

Limited information is available in the national published 
literature regarding serum levels of calcium (Ca), magnesium 
(Mg), inorganic phosphorus (P), iron (Fe), copper (Cu), zinc 
(Zn), manganese (Mn) and cobalt (Co) in dairy cows during 
the transition period and full lactation under increased meta-
bolic demand for macro- and micronutrients. Therefore, the 
objective of this study was to determine the blood levels of 
macro- and micronutrients in Simmental dairy cows during 
transition and full lactation.

Material and Methods

Experimental animals
Serum levels of macro- and micronutrients: calcium (Ca), 

magnesium (Mg), inorganic phosphorus (P), iron (Fe), cop-
per (Cu), zinc (Zn), manganese (Mn) and cobalt (Co) were 
determined in experimental animals (heifers and cows) on 
FARMAD Dairy Farm located at Vrdila, Kraljevo. The farm 
housed 132 dairy cows (a total of 221 animals, all types of 
cattle). The experimental animals were Simmental cows im-
ported from Bavaria, Germany and housed on a closed-type 
farm. The farm raises its own replacement stock, and uses 
a loose housing system (lying boxes). Forty-five experimen-
tal animals of different ages (year of birth 2003-2006) were 
selected and allocated to 3 experimental groups viz. Experi-
mental Group (A), composed of 15 clinically healthy cows 
from day 15 to day 1 before calving; Experimental Group (B), 
made up of 15 clinically healthy puerperium cows, until day 
15 after calving; and Experimental Group (C) including 15 
clinically healthy dairy cows in full lactation (90-120 days). 

The average body weight of dairy cows was 694.4 ± 41.8 
kg in late pregnancy, and 637.7 ± 37.9 kg during lactation. 

The average 305-day milk yield was 6950 ± 448l. The experi-
ment was established in the same season, in mid-April. Cow 
diet was formulated in accordance with feeding and energy 
requirements. Late pregnant cows were fed a daily diet of 8 
kg alfalfa hay, 5 kg maize silage (30% dry matter, DM), 3 kg 
coarse meal, 1 kg sunflower meal, 3 kg supplementary feed 
with 30% total protein (TP). During lactation, cows received 
3 kg alfalfa hay, 15 kg maize silage (30% DM), 5 kg coarse 
meal, 2 kg dry pulp, 3 kg sunflower meal, 4 kg supplemen-
tal feed (30% TP). The feed ingredients included in daily di-
ets for dairy cows in late gestation and lactation are given in 
Table 1. 

A database was created for each experimental dairy cow 
to cover the following information: CS/RS identification 
numbers, dam ID, sire ID, date of birth, milk performance, 
date of last artificial insemination, date of last calving, data 
on treatments, incidence of placental retention, incidence of 
abortions, and reproductive disorders. 

Sampling
Blood samples from all experimental dairy cows (n=45) 

were taken from the tail vein (v. coccygica) using a vacu-

Table 1 
Nutrient composition of the daily diets used for dairy 
cows during late gestation and lactation 

Late gestation Lactation
Dry matter (DM), kg 14.90 19.70
Net energy of lactation 
(NEL), MJ 86.28 122.17

Total protein (TP), % DM 20.07 18.69
Undegradable protein, % UP 38.21 29.83
Fat, % DM 3.40 3.17
Fibre, % DM 20.28 17.52
Ca % 0.64 0.90
P % 0.42 0.52
Na % 0.13 0.36
Cl % 0.17 0.29
Mg % 0.27 0.34
K % 1.30 1.18
S, ppm 0.22 0.22
Mn, ppm 129.36 82.40
Cu, ppm 39.81 25.64
Zn, ppm 168.24 96.90
Co, ppm 1.03 1.54
J, ppm 3.16 1.64
Fe, ppm 228.38 220.53
Se, ppm 1.14 0.70
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tainer system (Terumo® Venoject) and sterile needles. Upon 
sampling, blood underwent spontaneous coagulation at room 
temperature. The blood sera were centrifuged at 3000 rpm. 
Then, they were stored at – 200C until analysis.  

Biochemical testing
Serum levels of Ca, Mg, P, Fe, Cu, Zn and Mn in experi-

mental animals were determined by standard method (atomic 
absorption spectrophotometry - AAS) – Serbian SRPS ISO 
6869:2002, using UNICAM 969, at the Chemical Labora-
tory, Veterinary Specialist Institute, Kraljevo. Cobalt (Co) 
levels were assessed by M034, a modified method developed 
at the Chemical Laboratory, Veterinary Specialist Institute, 
Kraljevo.

Statistical analysis 
The data obtained were subjected to statistical analysis  

using the ANOVA procedure. The analysis of variance and 
LSD test were used to estimate the probability of the signifi-
cance of statistical differences in means for blood parameters 
across experimental groups of cows at P<0.05 and P<0.01 
(Microsoft STATISTICA ver.5.0 Stat.Soft.Inc. 1995).

Results and Discussion

Macro- and micronutrients are essential to maintain the 
normal function of vital biochemical processes in the dairy 
cow’s body. Different degrees of deficiency of these inorgan-
ic substances can lead to clinical and subclinical symptoms, 
and significantly reduce productive and reproductive perfor-
mance in dairy cows (Ballantine et al.; 2002; Spears, 2003; 
Dobrzański et al., 2005). 

Results on serum levels of macro- and micronutrients in 
dairy cows during transition and full lactation are presented 
in Table 2. 

In early lactation, the regulatory mechanisms for Ca 
and inorganic P homeostasis in dairy cows are adapted to 
markedly increased Ca and P demands placed by the mam-
mary gland. Ca mobilisation from bone and Ca absorption 
from the gastrointestinal tract increase to enable the cow to 
create homeostasis. High-yielding cows were found to mo-
bilise larger amounts of Ca and P from bone compared to 
low-yielding cows (Liesegang et al., 2007). Early lactation 
imposes sudden high demand for Ca and P vital for the syn-
thesis of milk ingredients. Some cows exhibit a marked de-
crease in blood Ca and P levels in early lactation, resulting in 
a dramatic decline (<1.5 mmol/L), leading to hypocalcemia, 
reduced neuromuscular excitability and milk fever/puerperal 
paresis (Wang and Beede, 1992; Goff and Horst, 1997; Beede 
and Pilbeam, 1998; Sharma et al., 2006). Puls (1988) recom-
mended classification of blood Ca, P and Mg values in dairy 
cows based on their concentrations, as deficient, limiting, ad-
equate and high.

Table 3 shows that blood plasma concentrations of Ca and 
P were significantly lower (p<0.05) in pueperium cows than 
in late gestation and full lactation cows. The results suggest 
that blood Ca and P levels were within the physiological lim-
its (adequate supply) in all experimental cows, with Ca levels 
approaching the limit values in puerperium cows due to a 
sudden increase in mammary gland activity and increase in 
Ca mobilisation from both the blood and the body depots.  
Similar results have been reported elsewhere (Jacobsen et 
al., 1971; Curtis et al., 1983; Puls, 1988; Ivanov et al., 1993; 
Sevinc et al., 1997; Stanton et al., 2000; Kupczynski et al., 

Table 2 
Blood serum concentrations of macronutrients (Ca, P and Mg) and micronutrients (Fe, Cu, Zn, Mn and Co) in dairy cows 
during late gestation (from day 15 to day 1 prior to partus, group A, n=15), puerperium (from day 1 to day 15 after partus, 
group B, n=15) and full lactation (90-120 days, group C, n=15)  and statistical significance between the means

Late gestation Puerperium Full lactation
Group A B C
n 15 15 15 P<0.05 P<0.01
Ca, mmol/L 2.35±0.24 2.17±0.22 2.53±0.29 A:B B:C
P, mmol/L 2.09±0.34 1.97±0.39 2.41±0.38 A:C B:C
Mg, mmol/L 1.10±0.26 1.02±0.32 1.28±0.20 B:C
Fe, μmol/L 35.27±15.26 24.08±4.45 31.03±12.33
Cu, μmol/L 8.36±1.34 9.44±2.22 8.78±1.63
Zn, μmol/L 15.11±4.01 12.24±2.48 15.78±4.78 A:B;B:C
Mn, μmol/L 3.54±1.68 3.75±1.79 3.76±1.94
Co, μmol/L 0.68±0.09 0.63±0.09 0.66±0.79
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2002; Đoković et al., 2010). The results suggest the potential 
incidence of puerperal paresis in some animals. 

Magnesium is responsible for the activation of more than 
300 enzymes. As a Mg-ATP complex, magnesium is essential 
for all biosynthetic processes (glycolysis, energy-dependent 
membrane transport, formation of cyclic AMP, and genetic 
code transmission). Magnesium is involved in the mainte-
nance of the membrane electrical potential (across nerve and 
muscle membranes) and nerve impulse transmission (Wack-
er, 1980). Magnesium homeostasis depends on an optimal 
supply from alimentary sources; accordingly, Mg concentra-
tion is dependent on Mg absorption in the rumen (Fontenot 
et al., 1989; Kurćubić et al., 2010). Blood Mg concentration 
in this study was lowest in puerperium cows, with no signifi-
cance (p>0.05) observed compared to cows before calving, 
whereas it was significantly lower (p<0.05) compared to full 
lactation cows. Peripartal dairy cows were found to have the 
lowest values for blood Mg, which were within the physiolog-
ical limits (adequate supply), suggesting a somewhat higher 
degree of Mg utilisation in the blood by the mammary gland 
during early lactation. The results are in agreement with the 
findings reported in a number of studies (Jacobsen et al., 
1971; Fontenot et al., 1989; Wang and Beede, 1992; Ivanov et 
al., 1993, Sevinc et al., 1997; Puls, 1988; Kupczynski et al., 
2002; Sharma et al., 2006). 

Iron plays a major role in the transport of oxygen through 
hemoglobin in the blood and myoglobin in skeletal muscles. 
Fe is an integral part of cytochromes and Fe-dependent pro-
teins involved in electron transport; it is also a constituent 
of a number of Fe-activated enzymes (Spears, 2003; Theil, 
2004; Nocek et al., 2006). Fe concentrations in all experi-
mental groups were within the physiological range (12.5-
44.8 μmol/l, Cvetković et al., 1986), with no statistical sig-
nificance (p>0.05) observed, suggesting an optimal supply of 
this micronutrient in the cows tested. Namely, conventional 
diets mostly contain sufficient amounts of Fe, and Fe defi-
ciency in dairy cows rarely occurs, except in cases of some 
parasitic and infectious diseases (Stanton et al., 2000; Spears, 
2003; Theil, 2004). 

Copper is a component of a number of enzymes including 
lysyl oxidase, superoxide dismutase, tyrosinase, ceruloplas-

min and cytochrome oxidase. These enzymes are important 
in the structural integrity of collagen and elastin, detoxica-
tion of superoxide radicals, pigmentation, Fe transport, and 
energy metabolism. Molybdenum and sulphur are potent 
copper antagonists and can greatly increase Cu require-
ments. Moreover, high dietary Fe concentrations also reduce 
Cu status in the body (Ward 1996; Mullis et al., 2003). Cop-
per concentrations were within the physiological range in all 
experimental cows (7.8-23.6 μmol/L, Cvetković et al., 1986) 
and showed no statistical difference (p>0.05), indicating an 
optimal supply of this micronutrient in the cows tested. Sim-
ilar findings were reported by other authors who found no 
significant change in blood Cu values in both high-produc-
tive and low-productive cows. Blood Cu values also remain 
unchanged during pregnancy, in early lactation and during 
lactation, with low Cu status found in cows fed diets high in 
Fe (Ward et al., 1996; Stanton et al., 2000; Ballantine et al., 
2002; Sharma et al., 2006).

Zinc is an essential component of over 70 enzymes in 
mammals. These enzymes are involved in protein, nucleic 
acid, carbohydrate, and lipid metabolism. Zinc is also required 
for normal development and functioning of the immune sys-
tem, in cell membrane stability, and gene expression (Miller, 
1970; Olson et al., 1999; Ballantine et al., 2002; Kellogg et 
al., 2004). Blood Zn levels in experimental cows were within 
the physiological range (10.71-19.89 μmol/L, Cvetković et al., 
1986), and significantly lower (p<0.05) values for Zn were 
found in puerperium cows, compared to late gestation and 
full lactation cows, suggesting that Zn requirements in early 
lactation are higher in dairy cows. Literature data show that 
different dietary Zn amounts cause high variability in blood 
Zn values, with the effect of diet composition on blood zinc 
values being undefined, except for the fact that high dietary 
Ca concentrations reduce blood Zn concentrations in cattle 
(Miller, 1970; Olson et al., 1999; Mullis et al., 2003; Spears, 
2003; Kellogg et al., 2004; Noaman, 2010).

Manganese is an integral component of the enzymes: ar-
ginase, superoxide dismutase found in the mitochondria, and 
pyruvate carboxylase. In addition, a number of enzymes can 
be activated by manganese (Hansen et al., 2006a; Hansen et 
al., 2006b). Mn concentrations in all experimental cows were 

Table 3 
Classification of blood Ca, P and Mg concentrations in dairy cows (Puls, 1988)
Status Calcium, mmol/L Inorganic phosphorus, mmol/L Magnesium, mmol/L
Deficient 0.25 - 1.5 mmol/L 0.16 - 1.28 mmol/L 0.473-0.516 mmol/L
Marginal 1.5 - 2.0 mmol/L 1.28 - 1.44 mmol/L 0.516 - 0.774 mmol/L
Adequate 2.0-3.0 mmol/L 1.44 - 2.56 mmol/L 0.774 - 1.505 mmol/L
High > 3.0 mmol/L 2.56 – 3.84 mmol/L > 1.505 mmol/L
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within the physiological limits (2.73-4.55 μmol/L, Cvetković 
et al., 1986), and no significant differences (P>0.05) were ob-
served, suggesting an optimal supply of this micronutrient 
in experimental cows, which is in agreement with literature 
data (Olson et al., 1999; Ballantine et al., 2002; Hansen et al., 
2006a; Hansen et al., 2006b). At dietary Mn concentraitons 
below 16 mg/kg, which are insufficient for normal fetal de-
velopment, newborn calves show signs of Mn deficiency such 
as stunted (dwarfed) growth. Dietary Mn concentrations of 
50 mg/kg are believed to be optimal for normal fetal develop-
ment (Dvořák et al., 1980; Legleiter et al., 2005; Hansen et 
al., 2006b).

Cobalt is a component of vitamin B12. Vitamin B12 is im-
portant in the metabolism of propionate in the liver (the vi-
tamin B12-dependent enzyme methylmalonyl CoA mutase), 
as well as in the metabolism of methionine and folic acid in 
the liver (the vitamin B12-dependent enzyme methionine syn-
thase) (Ballantine et al., 2002; Spears, 2003; Theil, 2004). 
Recent studies show that Co requirements in the peripartal 
period range between 0.15-0.19 mg/kg dry matter, being suf-
ficient for high milk production, as they provide adequate 
concentrations of vitamin B12 in the blood. Therefore, values 
greater than 0.10 mg/kg have been recommended by NRC 
(Schwarz et al., 2000; Tiffany et al., 2003). Low Co values 
in high concentrate diets reduce the production of propionic 
acid in the rumen (Tiffany et al., 2003; Tiffany and Spears, 
2005; Nocek et al., 2006). Co levels in all experimental cows 
were within the physiological range (0.51-0.85 μmol/L, 
Cvetković et al., 1986), and showed no significant difference 
(P>0.05), suggesting an optimal supply of this micronutrient 
in the cows tested.

Conclusion

Blood serum values for the macro- and micronutrients test-•	
ed in dairy cows were within the physiological range dur-
ing transition and full lactation.
Blood serum concentrations of calcium and inorganic phos-•	
phorus were significantly lower (p<0.05) in puerperium 
cows compared to late gestation and full lactation cows.  
Blood levels of magnesium were lower, but no statistical •	
significance (p>0.05) was observed, in cows in early lacta-
tion, compared to cows before calving, whereas they were 
significantly lower (p<0.05) compared to blood magnesium 
values in full lactation cows. 
Serum levels of iron, copper, manganese and cobalt •	
showed no statistical variation (p>0.05) in experimental 
cows, whereas serum zinc levels were significantly lower 
(p<0.05) in puerperium cows, compared to late gestation 
and full lactation cows. 

The results show that the homeostasis of the macro- and mi-•	
cronutrients tested in the blood of transition and full lacta-
tion dairy cows was maintained, suggesting their adequate 
supply from alimentary sources.
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