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Summary 
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The purpose of the present study was to establish the changes in some blood liver parameters in cows 
in different physiological conditions with subclinical (SCK) and clinical ketosis (CK). The study was 
performed on 157 Holstein cows with annual milk yield of 9,000–11,000 L. The animals were divi-
ded into 3 groups: I group – pregnant cows (from day 15 to day 0 pre-calving); II group – recently 
calved (from day 0 to day 15 postpartum) and III group – lactating (from day 30 to 45 postpartum). 
Blood concentrations of β-hydroxybutyric acid (ВНВА) (mmol/L), glucose (mmol/L), total protein 
(g/L), albumin (g/L) and total bilirubin (μmol/L) were assayed in all cows. The animals were divided 
in groups with SCK and CK according to their blood BHBA levels. It was established, that the con-
centrations of total bilirubin were statistically significantly elevated vs control groups, while blood 
glucose, total protein and albumin values decreased, reflecting the impaired liver function in cows 
with SCK and CK. 
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INTRODUCTION 

Ketosis of high-yielding dairy cows is 
amongst the most significant health issues 
in global dairy farming leading to eco-
nomic losses incurred from reduced milk 
production, low insemination rate, treat-
ment costs etc. (Gordon et al., 2013). The 
etiological basis of ketosis is related to the 
fact that during the pregnancy the metabo-
lism of cows is adapted to the developing 
embryo, while during early lactation the 
mammary gland is of higher metabolic 

priority because most of the nutrients are 
redirected to it, including glucose – a 
main and essential element for lactogene-
sis (Aeberhard et al., 2001; Sordillo & 
Raphael, 2013). Both processes predispo-
se to emerging energy deficiency and ke-
tosis development. The occurrence of 
negative energy balance is further due to 
the physiological phenomenon of reduced 
dry matter intake (by over 30%) in the 
period immediately before and after cal-
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ving (Roche et al., 2013; Samiei et al., 
2015). 

Historically, ketosis has been classi-
fied as primary and secondary, depending 
on food intake and the presence of a se-
condary disease such as retained placenta, 
metritis, mastitis and other disorders (Ra-
jala & Gröhn, 1998; Herdt, 2000). From a 
clinical point of view, it can be classified 
as subclinical (SCK) or clinical (CK), 
depending on the amount of ketone bodies 
in the organism and the presence of clini-
cal symptoms (Sakha et al., 2007; Gordon 
et al., 2013).  Ketosis is characterised by 
glycogen depletion and reduced glu-
coneogenesis activity in the liver, hypo-
glycaemia, ketonaemia, ketonuria, keto-
lactia, acetone-smelling breath and devel-
opment of hepatic lipidosis (Allen & Pian-
toni, 2013). Grummer (1993) and Drack-
ley (1999) report changes in the parame-
ters reflecting the liver functions (carbo-
hydrate, protein, fat, pigment, etc.) in 
dairy cows with ketosis caused by liver 
dystrophy. 

The aim of this study was to investi-
gate high-yielding cows in different 
physiological conditions (pregnant, re-
cently calved and lactating) with diag-
nosed SCK and CK to detect changes in 
some blood liver parameters (glucose, 
total protein, albumin and total bilirubin). 

MATERIALS AND METHODS 

The present study was performed on 157 
Holstein cows (1st to 4th lactation) with 
annual milk yield of 9000–11000 L and 
average body weight 450–550 kg. Cows 
were fed rations in concordance with their 
physiological condition and norms for 
dietary roughage and concentrate contents 
for each physiological condition. 

The cows were divided into 3 groups 
according to their physiological condition: 

I group – pregnant cows (from day 15 to 
day 0 pre-calving); II group – recently 
calved (from day 0 to 15 postpartum) and 
III group – lactating (from day 30 to 45 
postpartum). Blood concentrations of 
ВНВА were assayed in all target animals 
and on the basis of results, they were clas-
sifies as healthy (control, BHBA <1.2 
mmol/L), affected with SCK (BHBA from 
1.2 to 2.6 mmol/L) and CK (BHBA >2.6 
mmol/L). The first group included 21 
pregnant cows: 9 healthy and 12 (57%) – 
with SCK. Blood BHBA concentrations 
indicative for CK were not established in 
this group. The second group comprised 
90 recently calved cows: 55 healthy, 27 
(30%) – with SCK and 8 (8.88%) – with 
CK. The third group (47 lactating cows) 
included 24 healthy (control) cows; 15 
animals (32%) affected with SCK and 8 
(17%) – with CK.  

Blood samples were collected through 
puncture of the coccygeal vein using ster-
ile 21G needles and vacutainers (Biomed, 
Bulgaria) with heparin (5 mL) and without 
anticoagulant (6 mL). Samples were ob-
tained in the morning before feeding and 
were stored and transported at 4 oC. 
Analysis was performed within 24 hours 
after sampling. Blood BHBA and glucose 
concentrations were determined in situ 
using a portable Xpress-I system (Nova 
Biomedical, UK). The following indices 
were determined: total protein (g/L), al-
bumin (g/L) and total bilirubin (μmol/L) 
using commercial colorimetric test kits 
(Biolabo Diagnostics, France) on an auto-
mated biochemical analyser Mindray BS-
120 (China) and Integra 400 plus Roche   
(Hoffmann – La Roche Ltd., Switzerland).  

Statistical analysis 

Results were presented as mean ± stan-
dard deviation (SD). Statistical analysis 
(ANOVA) was done with Statistica 6.0 



Evaluation of some blood liver parameters in cows with subclinical and clinical ketosis 

BJVM, 22, No 3 316 

StatSoft, Inc. (USA, 1993). The level of 
statistical significance was Р<0.05. 

RESULTS  

Blood BHBA levels in control cows from 
the three groups were within the reference 
range (Fig. 1). In cows with SCK they we-
re statistically significantly increased as vs 
controls (Fig. 1). The analysis of changes 

in this blood parameter in cows with CK 
from groups II and III, showed that β-
hydroxybutyrate concentrations were sta-
tistically significantly higher (Р<0.001) 
than respective control and subclinical 
ketosis groups (Fig. 1). In cows from 
group I (pregnant) concentrations higher 
than 2.6 mmol/L were not exhibited, е.g. 
clinical ketosis was not present.  
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Fig. 1. Changes in blood β-hydroxybutyrate (ВНВА) levels in cows with subclinical and clinical 

ketosis (mean ± SD); *P<0.05; **P<0.01; ***P<0.001 vs control cows. 
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Fig. 2. Changes in blood glucose levels in cows with subclinical and clinical ketosis  

(mean ± SD); *P<0.05; **P<0.01; ***P<0.001 vs control cows. 
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The blood glucose levels in control 
cows were within the respective physio-
logical ranges (Fig. 2). In cows from 
groups with SCK and CK, blood glucose 
values were significantly lower (P<0.01) 
than controls (Fig. 2).  

The blood total bilirubin in cows from 
control groups (pregnant, recently calved 
and lactating) were within the reference 
interval. Blood chemistry analysis in cows 
with SCK and CK showed statistically 

significant bilirubinaemia (Р<0.001) vs 
control groups (Fig. 3).  

The analysis of blood in the three con-
trol groups for detection of changes in 
total protein and albumin quantities de-
monstrated levels close to the physiologi-
cal norms (Table 1). The blood total pro-
tein and albumin in cows with SCK and 
CK decreased with different levels of sta-
tistical significance compared to control 
groups.  
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Fig. 3. Changes in blood total bilirubin levels in cows with subclinical and clinical ketosis  

(mean ± SD); *P<0.05; **P<0.01; ***P<0.001 vs control cows. 

Table 1. Changes in blood total protein and albumin levels in cows from groups I, II and III with 
SCK and CK (mean ± SD) 
 

 
Total protein (g/L) Albumin (g/L) 

Control 75.22±1.2 35.10±0.3 Group I 
(15–0 days pre-partum)  Subclinical ketosis 63.40±1.6 32.88±0.2* 

Control 73.85±0.4 35.07±0.4 
Subclinical ketosis 63.60±0.5 23.36±0.3** 

Group II 
(0–15 days postpartum) 

Clinical ketosis   53.78±0.8** 22.75±0.3** 

Control 76.82±1.0 36.10±0.2 
Subclinical ketosis  57.36±0.6* 25.56±0.3** 

Group III 
(30–45 days postpartum) 

Clinical ketosis    46.28±0.7*** 22.51±0.5*** 

*Р<0.05; **Р<0.01; ***Р<0.001 vs control cows 
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DISCUSSION 

The negative energy balance occurring in 
the transition period plays an important 
role in the occurrence of metabolic dis-
eases in high-yielding cows such as keto-
sis, hepatic lipidosis, abomasal displace-
ment, endometritis, leading to significant 
economic losses (Rajala & Gröhn, 1998). 
Therefore, early diagnosis of ketosis in 
dairy cows through clinical and blood 
laboratory tests is economically justifiable 
for farmers (LeBlanc, 2010; Garro et al., 
2014). In general for the diagnosis of ke-
tosis, samples are obtained for determina-
tion of ketone bodies in blood, urine and 
milk, as well as glucose, total protein, 
albumin, bilirubin and others. Blood 
BHBA levels are accepted as the primary 
diagnostic test for SCK and CK in dairy 
cows (Oetzel, 2007; Garro et al., 2014).  
Some researchers (Seifi et al., 2011; 
McArt et al., 2013) accept blood ВНВА 
concentrations up to 1.2 mmol/L as nor-
mal; those from 1.2 to 2.6 mmol/L – in-
dicative for SCK and those over 2.6 
mmol/L corresponding to CK. Significant 
differences in BHBA values in the blood 
of the three groups of cows studied by us 
are particularly important for the early 
diagnosis of SCK throughout the preg-
nancy, parturition (calving) and lactation 
(up to 45 days) and taking measures to 
prevent the disease, confirmed by other 
authors (Duffield, 2004).  Glucose is an 
important energy source for many organs 
and systems in the body of the dairy ani-
mal. Some vital cells (erythrocytes, brain 
and kidney cells) rely on glucose as the 
only energy substrate (Aschenbach et al., 
2011). Changes in blood glucose levels in 
our comparative studies of dairy cows 
with SCK and CK showed unidirectional 
changes (hypoglycaemia), as also con-
firmed by other authors (İssi et al., 2016). 
The metabolism of glucose in the rumi-

nants is regulated by various hormones, 
depending on the degree of uptake and 
utilisation of food, as well as the available 
glucose precursors (Sordillo & Raphael, 
2013).  The amount of glucose precursors 
varies depending on lactation, food intake, 
fat mobilisation, and energy balance. 
Volatile fatty acids (especially propionate) 
produced in the rumen are the main pre-
cursors for gluconeogenesis in the liver 
(50–60%) (Lean et al., 2013; Sordillo & 
Raphael, 2013). Another important source 
of glucose is glycogen. Stored in the liver 
or skeletal muscles, it directly and indi-
rectly maintains glucose levels in the body 
(Butler, 2000; Kuhlа et al., 2011). Blood 
glucose concentrations in cows with SCK 
and CK statistically significantly decre-
sead (P<0.001), as a result of depletion of 
glycogen from the liver (West, 1990; 
Drackley et al., 2001; Marutsova & Ma-
rutsov, 2016).    

The changes in the development of 
SCK and CK in the cows of the three 
groups established by us and by other 
authors (Bertoni et al., 2010; Djoković et 
al., 2013) showed that the pigmentary 
function of the liver is disturbed, as seen 
from increased (P<0.001) total bilirubin 
concentrations, particularly obvious in 
recently calved and lactating cows with 
SCK and CK. The impaired pigmentary 
function of the liver (bilirubinaemia) is 
due to the dystrophic changes, which on 
one hand, mechanically obstruct bilirubin 
secretion in the bile and, on the other, 
disturb permeability of bile and blood 
capillaries in the damaged hepatocytes 
(karyopyknosis and karyolysis, lipidosis, 
etc.). The integrity of this barrier de-
creases and bilirubin passes into the 
bloodstream. Bilirubinaemia is propor-
tional to the accelerated metabolic pro-
cesses in the liver induced by stress at cal-
ving as well as to the lower rate of synthe-
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sis of enzymes responsible for its elimina-
tion. 

Тhe protein metabolism in the liver of 
cows with SCK and CK is also impaired, 
with statistically significantly lower serum 
total protein and albumin values (hypo-
proteinaemia) (P<0.001). Levels of total 
protein may be influenced to a large ex-
tent by the condition of the liver, as the 
plasma proteins are synthesised there. 
Albumin, synthesised in the liver, plays a 
central role in the regulation of colloid 
osmotic pressure. It retains water and is 
involved in the transport of bilirubin, fatty 
acids, hormones and vitamins. Albumin 
values also decrease as a result of urinary 
excretion found in our studies (proteinu-
ria) (Marutsova, 2016) when the glomeru-
lar basement membrane permeability is 
increased from dystrophic changes in the 
kidneys. The decrease in total protein in 
the early lactation can also be explained 
by redirecting albumin and globulins from 
the blood to the udder. The hypoprotein-
aemia in cows with ketosis is due to the 
dystrophic processes and fatty infiltration 
of the liver and kidneys (Djoković et al., 
2013; Аbba et al., 2015). 

In conclusion, pregnant cows from 
group I were affected by SCK but not by 
CK (ВНВА<2.6 mmol/L). During the 
postpartum period and intensive lactation, 
cows could suffer from both forms of ke-
tosis. We recommend mandatory blood 
screening of 10% of cows in dairy farms 
to determine BHBA and glucose values 
and appropriate monitoring to evaluate 
and prevent SCK and CK. Hypoglycae-
mia, bilirubinaemia and hypoproteinaemia 
in cows with SCK and CK are parameters 
of impaired liver function.  
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