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ABSTRACT

Background: Major changes in the metabolic functions in high-yielding dairy cows occur during the transitional period 
and during lactation. Parturition and lactogenesis are accompanied by many physiological changes that facilitate the 
maintenance of homeostasis Consequently, physiological situations leading to a negative energy balance are coupled to an 
increased uncontrolled rate of body fat mobilisation and the increased fatty acids accumulation in hepatocytes and blood 
ketone bodies, resulting in disturbances of the morphological and physiological liver integrity. The objective of the present 
study was to estimate metabolic status in late pregnant, early lactation and full lactation Holstein dairy cows on the basis 
changes of blood concentrations of selected biochemical markers.
Materials, Methods & Results: The experiment included 36 Holstein cows. Three groups of clinically healthy cows were 
chosen from the herd. Group 1 consisted of late pregnant cows (n = 12) from 30 to 1 day (20 ± 15) to partus; Group 2 
comprised early lactation cows (n = 12) in the first month of lactation (15 ± 12 days), and Group 3 included full lactation 
cows (n = 12) between 60 to 90 days of lactation (81 ± 30 days). Blood samples were collected from all cows, by punction 
of the jugular vein. Biochemical testing for markers in the blood serum showed significantly lower values (P < 0.05) of 
glucose, TG, Tchol. and urea in early cows than in full lactation and late-pregnant cows. The blood concentration of NEFA 
and BHB was significantly increased (P < 0.05) in the group of cows in early lactation compared to the other groups of 
cows. The mean tBIL. concentration and the serum AST, GGT and ALT activities were markedly increased (P < 0.01) 
in the lactation cows compared to the late pregnant cows. Furthermore, the intensity of lipomobilisation (NEFA or BHB 
concentrations) correlated positively (P < 0.05) with the markers of cell damage or liver function impairment (tBIL., serum 
AST, ALT and GGT activities), but negatively (P < 0.05) with the circulating concentrations of compounds synthesised 
in liver (glucose, TG and urea).
Discussion: In dairy cows, it was observed that up to 50% of females exhibited some lipid accumulation in liver in the first 
3 weeks after calving and that fatty liver occurs primarily in this period. Liver can be categorized into mild, moderate and 
severe fatty liver as dependent on the degree of pathology and a mild fatty infiltration of liver in dairy cows during lacta-
tion is considered to be almost physiological. The blood BHB and NEFA concentrations are markers of lipomobilisation 
and positively associated with the ketosis and liver steatosis intensity. The simultaneous and parallel variations observed 
between the extent of the fat infiltration in liver and the serum BHB and NEFA concentrations in puerperal cows clearly 
indicated that the intense lipomobilisation in the post-partum period has induced lipid overloading and ketogenesis in the 
liver. On the other hand, it was observed significant decreases in the serum biochemical markers, at least partially syn-
thesised in the liver, such as glucose, TG, Tchol., urea, albumin and TP during the postpartum period. However, the liver 
steatosis has induced some cellular lesions as evidenced by significant increases in the serum tBIL. concentrations and 
in the AST, ALT, GGT and LDH enzyme activities in puerperal cows. All these biochemical metabolites may be used as 
important biochemical markers in the determination of the metabolic status in high-yielding dairy cows during the transi-
tion period and during lactation.
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INTRODUCTION

Production diseases i.e. diseases associated 
with improper nutrition or management are com-
mon in dairy cows during lactation period [2,4]. 
Dairy cows have negative energy balance (NEB) 
during the early lactation due to energy expenditure 
associated with milk production and limited feed 
intake, resulting in NEB, a high mobilization of 
lipids from body fat reserve, liver lipidosis, keto-
genesis and hypoglycaemia [5,6,9,10,16,21]. The 
main blood markers of lipomobilization in dairy 
cows are BHB, the most important ketone body, 
and NEFA [3,9,15]. NEFA are accumulated as TG 
in the liver, primarily because of a decrease in the 
very low density lipoproteins (VLDL) synthesis 
by liver cells [11,19]. However, under lipidosis 
conditions, endogenous liver synthesis decreased, 
resulting in reduced levels of blood glucose, TP, 
albumin, globulin, tChol., TG and urea [1,5,6,19]. 
Furthermore, the excretory capacity of hepatocytes 
is decreased and, accordingly, the blood concentra-
tions of some metabolites such as tBIL, ammonia 
and bile acids are generally increased [1,5,19,22]. 
The fatty liver infiltration and hepatocyte degenera-
tion involve cell membrane damage and hepatocyte 
destruction coupled with the release of cytoplasm 
enzymes and significantly increase in the circulat-
ing activities [14,17,20]. 

The objective of the present study was to esti-
mate metabolic status in transitional and full lactations 
dairy cows on the basis changes of blood concentra-
tions of selected biochemical markers.

MATERIALS AND METHODS

Animals

A total of 36 dairy cows were selected from the 
same Holstein herd containing 445 cows (FARM: Sarulja, 
Kragujevac, Central Serbia). Three groups of clinically 
healthy cows were chosen from the herd. Group 1 con-
sisted of late pregnant cows (n = 12) from 30 to 1 day (20 
± 15) to partus; Group 2 comprised early lactation cows 
(n = 12) in the first month of lactation (15 ± 12 days), and 
Group 3 included full lactation cows (n = 12) between 
60 to 90 days of lactation (81 ± 30 days). The cows were 
high-yielding with a preceding lactation of about 8,500 L 
(late pregnant cows: 8,325 ± 795 L, early lactation cows 
8,458 ± 920 L, and mid-lactation cows: 8,677 ± 1055 L). 
The experimental cows were housed in open-stall barns. 
Diet and housing facilities were adapted to research 
purposes, with diet suited to the energy requirement of 
late-pregnant, early lactation and mid-lactation cows. 
Diet for late-pregnant cows included 7 kg grass hay, 5 
kg corn silage (30% Dry Matter, DM), 4 kg sweet corn 
silage, 6 kg beet noodle silage, 5kg straw, 1 kg concentrate 
(18% crude protein, CP). Diet for early lactation cows 
consisted of 4 kg grass hay, 10 kg corn silage (30% Dry 
Matter, DM), 20 kg sweet corn silage, 12 kg beet noodle 
silage, 4 kg concentrate (18% crude protein, CP) and 1 
kg molasses. Diet for full lactation cows contained 4.5 
kg alfalfa hay, 19 kg corn silage (30% Dry Matter, DM), 
16 kg beet noodle silage, 9 kg concentrate (18 % crude 
protein, CP) and 1.2 kg soybean expeller.

The chemical composition of total mixed ra-
tions offered to late pregnant, early lactation and full 
lactation dairy cows is given in Table 1. 

Table 1. Chemical composition of total mixed rations offered to late pregnant, early lactation and full lactation dairy cows.

Late pregnancy Early lactation Full lactation 

Dry Matter (DM) (kg) 12.85 15.60 19.58

Net Energy of Lactation (NEL) (MJ) 60.94 95.52 128.65

Crude Protein (CP) (% of DM) 8.25 11.31 16.88

Rumen undegradable protein (RUP) (% of CP) 28.86 33.91 26.33

Fat (% of DM) 2.41 3.47 4.68

Fiber (% of DM) 34.16 22.17 18.85
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Blood sampling and laboratory procedures

The blood samples were collected after morning 
milking and feeding, by puncture of the jugular vein into 
sterile disposable test tubes without anticoagulant. After 
clotting for 3 h at 4°C and centrifugation (1500x g, 10 min, 
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 beta-hydroxybutyrate (BHB), non-esterified fatty 
acids (NEFA), triglyceride (TG), total cholesterol (tChol), 
glucose, total protein (TP), albumin, urea, total bilirubin 
(tBIL) and serum aspartate transaminase (AST) gamma-
glutamyl transferase (GGT) and alanine aminotransferase 
(ALT) were measured at the Biochemical Laboratory1, 
by photometric methods using a Cobas Mira automatic 
analyzer and corresponding commercial kits2,3.

Statistical analysis

The statistical analysis of the obtained data 
was carried out by ANOVA-procedure. The analysis 
of variance were used to evaluate the probability of 
the significance of the statistical differences between 
mean biochemical markers values in each group and 
the Pearson test was performed for evidencing sig-
nificant correlations. Differences were considered as 
significant when P values were below 0.05 or 0.01. For 
this purpose was used statistic software (Statgraphic 
Centurion, Statpoint Technologies Inc.Warrenton, Va, 
Virginia, USA).

RESULTS 

Blood biochemical markers in the transition 
and full lactation dairy cows were compared in this 
study (Table 2). 

Table 2. Blood metabolites in late pregnant (Group 1), early lactation (Group 2) and full lactation (Group 3) dairy cows (n = 12 per group). 
Results are expressed as mean ± standard deviation (SD). 

Variable Group 1 Group 2 Group 3

Glucose (mmol/L) 3.17 ± 0.32a 2.63 ± 0.53b 3.00 ± 0.28a

BHB (mmol/L) 1.10 ± 0.32a 1.48 ± 0.25b 0.87 ± 0.20a

NEFA (mmol /L) 0.16 ± 0.07a 0.36 ± 0.20b 0.12 ± 0.05a

TG(mmol/L) 0.13 ± 0.05A 0.03 ± 0.03B 0.04 ± 0.04B

tChol. (mmol/L) 3.63 ± 1.83A 2.93 ± 0.59A 5.93 ± 1.17B

TP (g/L) 73.10 ± 6.23a 68.36 ± 7.62a 72.36 ± 5.5a

Albumin(g/L) 35.09 ± 2.25a 32.64 ± 4.46a 34.63 ± 2.61a

Urea (mmol/L) 4.81 ± 1.34a 3.67 ± 0.71b 4.70 ± 1.09a

tBIL. (µmol/L) 3,14 ± 0.77A 7.27 ± 5.24B 3.20 ± 1.70a

AST (IU/L) 59.72 ± 10.95A 90.81 ± 21.98B 84.18 ± 16.19B

GGT (IU /L) 15.82 ± 2.4A 23.45 ± 7.8B 26.54 ± 6.21B

ALT (IU/L) 28.54 ± .96A 28.00 ± 8.46A 36.45 ± 9.62B

Mean values within a row with no common superscript differ significantly; values followed by small letters differ significantly (P < 0.05); 
values marked with capital letters differ highly significantly (P < 0.01).

The serum concentrations of NEFA and BHB 
were significantly higher during early lactation than 
during late pregnancy and full lactation (P < 0.05) 
whereas the mean TG and Tchol. concentration was 
significantly lowered (P < 0.01). In addition, the glu-
cose and urea concentrations were markedly depressed 
in the early lactation cows (P < 0.05) compared to late 
pregnancy and full lactation and the proteinemia and 

albuminemia was not significantly altered although this 
parameter was slightly decreased in the puerperal cows. 
By contrast, the tBIL. concentrations and the serum 
enzyme AST, GGT and ALT activities were markedly 
increased (P < 0.01) in the lactation cows compared to 
the pregnant females. Correlation between biochemical 
markers calculated for all cows were estimated in this 
study (Table 3).
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Table 3. Correlation coefficients for biochemical markers in blood calculated for all cows in the present study. 

BHB NEFA TG tChol. TP albumin urea tBIL AST GGT ALT

glucose -0.23 -0.40 0.22 0.30 -0.14 0.20 0.26 -0,41 -0.38 0.19 -0.37

BHB 0.47 -0.42 -0.15 0.25 0.14 -0.34 0.38 0.45 0.53 0.26

NEFA -0.35 -0.13 0.15 0.12 -0.18 0.56 0.52 0.46 0.35

TG 0.53 0.38 0.15 -0.15 0.05 -0.26 -0.54 -0.18

tChol. 0.03 0.02 0.09 -0.48 0.11 -0.77 -0.70

TP 0.17 0.10 -0.03 -0.18 0.21 -0.01

albumin 0.40 -0.02 0.14 -0.02 0.21

urea -0.46 -0.78 -0.14 0.19

tBIL 0.50 0.34 0.36

AST 0.24 0.19

GGT 0.61
Significant correlations (P < 0.05) are presented in bold. 

In this study, the serum NEFA and BHB con-
centrations were positively coupled together (P < 0.05) 
and with damage markers (tBIL., AST and GGT activi-
ties, P < 0.05), but negatively and significantly (P < 
0.05) with the circulating concentrations of compounds 
synthesised in liver (TG and urea). It was also found 
positive and significant (P < 0.05) associations between 
analytes produced in liver (urea concentrations with 
albumin, and TG with Tchol. and TP) and among AST, 
ALT, GGT activities with tBIL. (P < 0.05) and negative 
associations (between urea with tBIL. and AST and 
between TChol. with tBIL, ALT and GGT, P < 0.05). 

DISCUSSION

The blood glucose concentrations in the late 
pregnant and lactating groups of cows were within 
the physiological values, from 2.5 to 4.2 mmol/L [18]. 
But, blood glucose levels were statistically significantly 
lower in the early lactation cows, which suggested an 
increased glucose uptake by the mammary gland and 
decreased gluconeogenesis in the liver [4,7,13,21].

 The blood concentration of NEFA as the best 
indicator of negative energy balance and the lipo-
mobilisation during the transition period [3,6,9] was 
significantly increased in the group of cows in early 
lactation compared to the groups of late pregnant and 
full lactation cows. The serum BHB concentration is 
another indicator of energy metabolism in the early 
lactating cows showed also significantly higher con-
centrations than the pregnant and full lactation cows, 

suggesting a intensive mobilisation of fat stores. Sub-
clinical ketosis may be diagnosed when serum BHB 
concentrations are above 1.2 mmol/L , and clinical 
ketosis with blood BHB level above 2.6 mmol/L 
[2,8,15]. The early lactation cows had the indicative 
values of the BHB (1.48 ± 0.25 mmol/L) but did not 
show any clinical signs, which means that they had 
a typical subclinical condition. Markers of lipomo-
bilisation (NEFA or BHB concentrations) were found 
positively correlated together in the current study. The 
serum BHB and NEFA concentrations in puerperal 
cows clearly indicated that the intense lipomobilisation 
in the post-partum period has induced ketogenesis and 
lipid infiltration in the liver [3,6,8,10,12,15]. 

On the other hand, significant decreases in 
serum TG and tChol. concentrations were observed 
in groups of lactating cows compared to late-pregnant 
cows and other biochemical metabolites synthesized 
in the liver, such as glucose, albumin , urea and TP 
were also decreased during the puerperal period. These 
results suggested an increased accumulation of TG and 
tChol. in hepatocytes in puerperal cows, which was 
probably associated with decreased liver synthesis of 
VLDLs, and can confirm the reduction of liver synthe-
sis induced by the development of fatty infiltration in 
the liver [1,11,12,19]. It was also confirmed a positive 
associations between in liver sintetised indicators: urea 
with albumin and TG with tChol and TP in this study.

By contrast, liver damage induces an increase 
in the serum tBIL and the haemic compound is con-
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sidered as a sensitive marker for liver injury [1,5,22]. 
In this study, the mean tBIL. concentration was mark-
edly increased in the puerperal cows compared to the 
late pregnant and full lactation dairy cows. As tBIL. 
concentrations, high serum activities of some enzymes 
highly expressed in liver in dairy cows such as AST, 
ALT and GGT are observed in liver injury and highly 
contribute to evaluate the degree of tissue damage 
[5,14,17,20]. 

In the present study, the serum AST, GGT 
and ALT activities were significantly higher in early 
and full lactation cows than in late pregnant cows, 
suggested that the process of lipomobilization was 
sufficient to cause mild fat infiltration of liver cells in 
of the lactating cows and release these enzymes in cir-
culation. Additionally, tBIL. concentrations positively 
correlated with the NEFA and BHB concentrations and 
serum activites of AST, GGT and ALT in this study. 
These results are in the accordance with previously 
studies [1,4,7,9,15,16] and suggested that the process 
of lipomobilization was enough to cause liver lesions 
in the early and full lactating cows. This statement 
confirmed a significant negative correlation between 
blood NEFA and BHB with blood TG in current study. 

This study has shown a possibility of the development 
a fat infiltration of the liver in lactation cows which 
was confirmed by a significant correlation between 
biochemical markers.

CONCLUSION

These results demonstrate that mild fatty liver 
physiologically occurred during postpartum period 
inducing some cellular lesions and a weak function 
impairment of the liver. On the basis of changes and 
relationships of blood biochemical markers, this study 
suggests that early lactation cows showed physiologi-
cal adaptive changes, which were associated with sub-
clinical ketosis and mild fat infiltration of liver cells.
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