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Inadequate preparation of cows’ diets during the dry and peripartum periods for the upcoming in-
creased needs in milk production postpartum leads to the emergence of a negative energetic and min-
eral imbalance. In order to provide the necessary energy, especially the level of glucose in the blood 
and minerals, necessary for the synthesis of milk, physiological and endocrinological changes in the 
cows’ body lead to the mobilisation of energy reserves, and the activation of glycogenolysis, glyco-
neogenesis and lipolysis. If the negative balance is more pronounced and lasts for a longer period of 
time, metabolic diseases occur in cows. The aim of the study is to assess the prevalence of metabolic 
diseases in the postpartum period and their impact on milk yield. The research included 237 Holstein 
cows divided into two groups. The first group of 189 cows that were examined for metabolic diseases, 
in which 48 cows (25.4%) had metabolic diseases. Puerperal paresis was the most common disease 
that occurred in 17 cows (35%), ketosis in 15 cows (31%), subacute rumen acidosis in 8 cows (17%), 
atypical puerperal paresis in 5 cows (11%) and osteomalacia in 3 cows (6%). The second group 
consisted of 48 healthy control cows, for which data were collected on the amount of milk during the 
lactation period. The study findings revealed that during the lactation period metabolic diseases re-
duced milk yield by 26.62%, or 7.96 L/milk per day, compared to a healthy population of cows. 
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INTRODUCTION 

The postpartum period in cows is charac-
terised by increased demand of substances 
necessary for milk synthesis. During this 

period, milk production increases sharply 
in order to provide sufficient quantities for 
the calf’s nutrition. To achieve this, the 
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body must become adapted to the newly 
created situation, which consists of 
increased food intake, increased ability to 
absorb nutrients, water and minerals. 
Endocrinological and physiological chan-
ges occur to meet the increased energy 
needs in the body of high-milk cows 
(DeGaris & Lean, 2008). These changes 
aim to mobilise the energy reserves in the 
animal’s body, in order to maintain the 
required level of glucose in the blood. 
Thus, the rates of glycogenolysis, gluco-
neogenesis and lipolysis and acetate 
utilisation increase, while the rate of 
lipogenesis decreases (Sundrum, 2015). 

If the body does not adapt to in a 
timely manner, metabolic disorders occur, 
which are especially pronounced at the 
beginning of the lactation period (Thomas 
& Herd, 2000). 

Puerperal paresis is a disease that 
occurs immediately after calving and is 
characterised by hypocalcemia, hypophos-
phatemia, poor circulation, paresis of the 
striated muscles, and impaired conscious-
ness. It occurs as a result of a decrease in 
blood concentrations of calcium and 
inorganic phosphorus due to loss through 
colostrum, while the body is unable to 
replace them through intestinal resorption 
or mobilisation from the bones. Calcium 
loss through milk amounts to 1–1.5 g of 
calcium (1–2 g in colostrum) and 0.8–1.2 
g of phosphorus (0.9–1.8 g in colostrum) 
per liter (Flores et al., 2022). 

A few hours after birth, a phy-
siological decrease in calcium concent-
ration occurs to 1.7–2.1 mmol/L, and a 
decrease in inorganic phosphorus to 1– 
1.6 mmol/L, as compared to the normal 
value 2.1–3 mmol/L for calcium and 1.6–
2.3 mmol/L for inorganic phosphorus. 
These low calcium and phosphorus levels 
are maintained for a maximum of 1–2 
days (Garrett et al., 2004). Paresis occurs 

when the calcium value decreases below 
1.7 mmol/L, phosphatemia may remain at 
the same level or decrease, while mag-
nesium may decrease or increase slightly 
(Bzuneh et al., 2020). Affected cows 
often exhibit delayed initiation of 
lactation, reduced peak milk yield, and 
shortened lactation due to early culling or 
prolonged recovery time. Additionally, 
systemic weakness and impaired feed 
intake further exacerbate energy deficits. 

Ketosis occurs as a result of impaired 
metabolism of carbohydrates and fatty 
acids when there is a negative energy bal-
ance, with the majority of disorders occur-
ring in the liver, where the glycogenesis is 
intensified. The reason for the occurrence 
of ketosis is the decreased concentration 
of oxaloacetate, which is an intermediary 
substance in the processes of gluconeo-
genesis and the tricarboxylic acid cycle 
with a central role in intermediary me-
tabolism (Bauer & Jagusiak, 2025). Ox-
aloacetate plays a role in the production of 
glucose and fat metabolism, where it par-
ticipates in the breakdown of acetyl coen-
zyme A, formed from free fatty acids. IN 
case of oxaloacetate deficiency, the result-
ing acetyl coenzyme A is converted into 
ketone bodies (acetone, acetoacetate and 
beta-hydroxybutyric acid), which are ex-
creted through the blood into milk (Gar-
rett et al., 2004). 

Ketosis is characterised by hyperke-
tonemia, ketonuria, hypoglycaemia, and 
decreased liver glycogen concentration 
(Drackley et al., 1992). It is associated 
with a significant drop in milk yield up to 
20–30% in severe cases. Subclinical keto-
sis also exerts negative effects on milk 
composition, particularly decreasing milk 
protein content and increasing milk fat-to-
protein ratio (Martens, 2023). 

Subacute rumen acidosis is a meta-
bolic disease in dairy cows accompanied 
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by a decrease in the rumen pH value of 
the below 5.5. The disease is secondary to 
an unbalanced diet with a large amount of 
carbohydrates that have a negative impact 
on the rumen microbiota(Coco et al., 
2021). The pathogenesis of the disease 
consists in the replication of large 
quantities of lactic bacteria that release 
lactic acid in the rumen and change the 
normal pH environment. Lactic acid is 
detrimental for the rumen mucosa, 
penetrating and damaging the capillaries 
where it can induce laminitis, in addition 
to damage to the liver, heart, lungs, 
kidneys and other organs. Changes are 
most often observed two months after 
parturition, and a decrease in rumen pH 
below 5.5 leads to a reduction in milk 
yield as well as a lower percentage of milk 
fat (Elmehadi et al., 2022). 

Atypical puerperal paresis is a patho-
logical condition that occurs 2–3 days 
after calving in highly yielding dairy 
cows. Cows lose the ability to stand up 
and lie down for a long time. The causes 
of this disease are complex and most often 
come down to disorders in mineral 
metabolism, traumatic diseases of the 
bones, nerves and muscles. Affected cows 
lose minerals through milk on average 
44.6 mmol/L, especially phosphorus and 
sodium while during calving, the con-
centration of potassium in the blood 
serum drops from 4.6-6.4 mmol/L to 2.5-
4.6 mmol/L (Flores et al., 2022). Certain 
cases are associated with hypoprotei-
nemia, which occurs due to reduced 
protein intake during pregnancy or 
possible proteinuria.  

The difference between atypical and 
typical puerperal paresis is in the 
concentration of minerals (Garrett et al., 
2004). In typical puerperal paresis, there 
is a significant decrease in calcium 
concentration and a slight increase in 

magnesium while in atypical puerperal 
paresis, the decrease in calcium and 
magnesium levels is small, while the 
decrease in inorganic phosphorus and 
potassium is pronounced (Bzuneh et al., 
2020). 

Osteomalacia is a demineralisation 
with hyperplastic osteodystrophy of the 
skeleton in dairy cows during pregnancy 
and lactation. The disease occurs as a re-
sult of reduced dietary phosphorus intake 
and increased calcium values (Garrett et 
al., 2004). The etiology of osteomalacia is 
also influenced by the lack of vitamin D 
and protein. During lactation, the body is 
particularly stressed and osteomalacia 
develops intensively and rapidly. The 
course and signs of the disease appear 
faster if calcium intake is increased. Os-
teomalacia is characterised by deminerali-
sation of the bone substance and increased 
production of non-calcified osteoid tissue 
in the bones, whereby the skeleton loses 
its strength while the bones and joints are 
sensitive to pain, so that at low loads the 
bones crack and break. Osteomalacia is 
distinguished by hypophosphatemia and 
problems in production and reproduction 
(Schild et al., 2023). In terms of produc-
tion, cows with osteomalacia exhibit 
lower lactation yields, partly due to re-
duced mobility, decreased feed efficiency, 
and increased metabolic strain. The condi-
tion often leads to premature culling, thus 
shortening the productive lifespan of the 
animal. 

The aim of the research was to prove 
the percentage representation of metabolic 
diseases after calving in cows and by 
applying comparative analyzes of a 
healthy population of cows to calculate 
the impact of each disease separately on 
milk yield during one lactation period. 
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MATERIALS AND METHODS 

The research and the provision of blood, 
milk and urine samples from animals was 
approved by the Ethics Committee of the 
Ministry of Agriculture, Forestry, Water 
Management and Veterinary Administra-
tion of the Republic of Serbia, Belgrade, 
on 11 April 2024, with number 
001328298 2024 14841 002 001 323 022. 

For the purposes of this study, two 
groups of Holstein-Friesian cows, 3–6 
years of age, were included and evaluated 
through a two-phase methodological 
approach. The first phase involved clinical 
monitoring and diagnostic assessment of 
cows in the early postpartum period to 
identify the presence of metabolic 
diseases. The second phase entailed 
collection and analysis of milk yield data 
over the course of one full lactation period 
for all animals in both groups. 

The first group consisted of 189 cows, 
all examined during the postpartum period 
for signs of metabolic disorders. Among 
these, 48 cows (25.4%) were diagnosed 
with specific metabolic diseases. For all 
cows in this group, milk production data 
were recorded throughout one standard 
lactation cycle.The second group served 
as healthy control group, comprising 48 
cows with no clinical or subclinical 
evidence of metabolic or other systemic 
diseases. These animals were matched in 
number to the subgroup of cows diag-
nosed with metabolic disorders from the 
first group, to enable a comparative 
evaluation of milk yield performance in 
relation to metabolic health status. Milk 
yield data were likewise collected across 
the full lactation period. Both groups of 
cows were raised on the same farm, fed 
the same food, raised in a tied housing 
system under the same hygienic con-
ditions. 

The diagnosis of puerperal paresis was 
performed by determining the con-
centration of calcium, inorganic phospho-
rus, and magnesium in the blood serum. 
Blood samples were collected within 12 to 
24 hours after delivery by puncture of the 
coccygeal vein. The sampling site was 
previously disinfected with an anti-
bacterial agent and the blood was 
collected in tubes. Blood analyses were 
performed in an accredited biochemical 
laboratory. Puerperal paresis was diag-
nosed in mothers whose serum calcium 
was < 1.7 mmol/L or < 8.0 mg/dL (Flores 
et al., 2022). 

The diagnosis of ketosis in the milk 
was made using the Rother-Ross test for 
the presence of acetone and acetoacetate. 
The method is performed with milk to 
which an alkaline solution of sodium 
nitroprusside is added, which results in a 
positive reaction with a colour change 
from red to purple. This method can 
detect 1–5 mg/dL acetoacetic acid and 
10–20 mg/dL acetone (Bauer & Jagusiak, 
2025). 

The proof of ketosis through the urine 
was by applying Lestradet's test to prove 
ketone bodies, acetone and aceto-
acetate.The procedure was performed by 
the Lestradet’s test with a powdered 
reagent of sodium nitroprusside (1 g), 
ammonium sulfate (20 g) and sodium 
carbonate (20 g). on a white porcelain 
plate where the reagent is placed and 2–3 
mL of urine were added.In all four cases, 
if the throat was positive for ketosis, a 
pink (+), dark pink (++), purple (+++) and 
dark purple (++++) colour developed 
within one to three minutes depending on 
the amount of ketone bodies in the urine. 
If the throat was negative for ketosis, a 
gray-green colour will appear (Drackley et 
al., 1992). 
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The diagnosis of subacute rumen 
acidosis was performed by determining 
the pH value of the rumen contents 
(Elmehadi et al., 2022). A sample was ta-
ken by ruminocentesis and a rumen probe, 
within 2 to 4 hours after the cows’ meal. 
The contents sample was then placed on 
indicator paper for measuring the pH in 
the range of 2 to 12. Samples with a pH 
value below 5.5 were considered positive 
for subacute rumen acidosis (Garrett et 
al., 1999). The procedure was confirmed 
twice for each cow two days after the first 
test. In cows with a pH value lower than 
5.5 in both tests, a final diagnosis of 
subacute rumen acidosis was made (Coco 
et al., 2021). 

The diagnosis of atypical puerperal 
paresis was made by determining the 
blood serum concentrations of inorganic 
phosphorus and potassium  in blood 
samples taken by puncture of the v. 
coccygea within 12 to 24 hours after 
delivery. The blood sampling site was 
previously disinfected with an antibacte-
rial agent and the blood was collected in 
sterile tubes. Blood tests were performed 
in an accredited biochemical laboratory. 
Atypical puerperal paresis was diagnosed 
in the animals in which the blood serum 
phosphorus was below <1.5 mmol/L, 
while the potassium was <2.5 mmol/L. 
The urine of these animals was examined 
for proteinuria in the definitive diagnosis 
of this disease (Bzuneh et al., 2020). 

The diagnosis of osteomalacia was 
performed by biochemical analysis of the 
blood serum inorganic phosphorus . The 
blood was obtained  from the tail vein. 
The concentration of phosphorus in 
healthy cows is 1.6–2.2 mmol/L, while for 
pathological concentration the value is 
below 1.3 mmol/L, and in severe cases of 
osteomalacia reaches a value of 0.65 
mmol/L. In cows in which the values of 

inorganic phosphorus were below 1.3 
mmol/L, an X-ray examination was per-
formed. Radiographic changes in the 
bones were proven by changes in skeletal 
demineralisation, subperiosteal cortical 
bone resorption, deformities of the long 
bones, loss of the lamina dura dentes. 
Radiographic evidence of changes in the 
caudal vertebrae is a clear sign of 
osteomalacia, with appearance of indis-
tinct contours of the vertebrae with poor 
contrast. Another way to confirm osteo-
malacia was bone biopsy of the ribs, 
sacrum of the pelvis, and tail vertebrae, 
where histological examinations of 
bonestructure were conducted. The degree 
of ongoing bone mobilisation was 
determined using the bone biomarker 
hydroxyproline, an amino acid that is 
released in the blood during the period of 
bone mineralisation (Schild et al., 2023). 

The obtained results were statistically 
processed using the SPSS software 
version 19.0 for Microsoft Windows, in 
which descriptive statistics were perfor-
med to determine the percentage of 
metabolic diseases in the studied samples. 
Using the TIBCO data Statistica program, 
analyses of variability in milk yield and 
ANOVA test for comparison of the 
average milk yield for the studied groups 
of cows were performed. 

RESULTS  

Out of the 189 examined cows in the first 
group, 48 cows or 25.4%, had metabolic 
disease in the postpartum period. 

The most prevalent disease (Fig. 1) 
was puerperal paresis, which occurred in 
17 cows (35%). Ketosis was diagnosed in 
15 cows (31%), subacute rumen acidosis 
– in 8 cows (17%), atypical puerperal 
paresis – in 5 cows (11%) and osteomal-
acia  –  in 3 cows (6%). 
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The greatest decrease in milk yield 
occured in the first month of lactation, as 
a result of metabolic diseases in the 
postpartum period.  The largest decrease 
in milk yield was observed in cows with 
osteomalacia with an average amount of 6 
L/day in the first month of lactation and 
12 L/day in the last month of the lactation 
period, with an average milk yield of 14.6 
L/day for the entire lactation period. The 
smallest decrease in milk yield was 
observed in cows with subacute rumen 

acidosis with an average amount of 19 
L/day in the first month and 22 L/day in 
the last month of the lactation period. The 
average milk yield in these cows was 27.3 
L/day of milk for the entire lactation 
period. The average milk yield in a 
healthy population of cows was 31 L/day 
in the first month and 23 L/day in the last 
month of the lactation period. The average 
milk yield for the entire lactation period 
was 29.9 L/day of milk. 

 
Fig. 1. Percentage of metabolic diseases in cows in the postpartum period. 

 
Table 1. Data on the average daily yield of milk for both groups of cows in the researched lactation 
period 

Average milk yield during the lactation months, L/day   

1 2 3 4 5 6 7 8 9 10 

Average 
milk, 
L/day 

Cows with metabolic diseases (n=48) 

Puerperal paresis 
(n=17) 

13 23 24 29 27 25 24 21 20 18 22.4 

Ketosis (n=15) 12 25 27 31 30 28 27 25 24 19 24.8 

Subacute rumen 
acidosis (n=8) 

19 29 31 32 31 30 28 26 25 22 27.3 

Atypical puerperal 
paresis (n=5) 

8 18 24 26 25 23 22 22 21 17 20.6 

Osteomalacia (n=3) 6 11 13 16 20 19 18 17 14 12 14.6 

Healthy cows (n=48) 

 31 32 34 36 33 31 28 27 24 23 29.9 
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Table 2 shows the milk yield values 
for the group of cows with metabolic 
diseases and the control group of healthy 
cows. The minimum milk yield in cows 
with metabolic diseases was 6.11 L/day, 
while the maximum yield was 31.67 
L/day, while in the control group the 
minimum and maximum daily milk yields 
were 23.83 L/day, and 36.43 L/day, re-
spectively. 
 
Table 2. Average milk yield during the lacta-
tion period in cows with metabolic diseases 
and healthy group of cows 

 
Group of cows Mean 

± SD 
Min– 
max 

СV % 

Cows with meta-
bolic diseases 

21.94 
± 6.87 

6.11–
31.67 

26.62 

Control group 29.90 
± 3.72 

23.83–
36.43 

10.11 

 
The one-factor analysis of variance 

demonstrated statistically significant 
difference (P<0.05) in milk yield between 
the two groups of cows. There was a 
significant differences in milk yield 
between the studied groups. The group of 
cows with metabolic diseases showed 
significantly higher variability in milk 
yield of 26.62%, while the percentage in 
the control group was 10.11%. 

DISCUSSION 

The aim of the research was to determine 
the prevalence of metabolic diseases in 
the postpartum period and their impact on 
milk yield in Holstein cows. The 
postpartum period is characterised by a 
sharp increase in milk synthesis. In the 
postpartum and the early lactation periods, 
about 50–60% of the total amount of milk 
secreted during the lactation period is 
produced. During this period, cows that 

do not receive the necessary energy 
through food, consume their own energy 
reserves and then develop a negative 
energy balance and metabolic diseases 
(Sundrum, 2015). 

In the conducted research, out of a 
total of 189 cows examined, 48 cows 
(25.4%) had developed a metabolic 
disease, which represents a quarter of the 
examined samples. Similar results were 
obtained in the research of Garrett & 
Oetzel (2004). 

 The research indicates a high rate of 
metabolic diseases in the postpartum and 
the early lactation periods. The most 
prevalent disease was puerperal paresis 
(35%). This high incidence underscores 
the physiological challenges related to 
calcium homeostasis at the onset of 
lactation and corroborates previous 
findings that hypocalcemia is one of the 
most common metabolic disorders in 
dairy herds (Flores et al.,2022). In 15 
cows (31%) ketosis was diagnosed as the 
second most prevalent disease, reflecting 
the widespread occurrence of negative 
energy balance in early lactation,  which 
coincides with the research conducted by 
(Flores et al., 2022). Subacute rumen 
acidosis was diagnosed with a prevalence 
of 17% (8 cows); similar results regarding 
the prevalence of this disease are shown 
by Thomas & Herd (2020). Atypical 
puerperal paresis was diagnosed in 5 cows 
(11%). This represents a significant 
percentage in which this disease should 
not be equated with puerperal paresis 
primarily due to the etiology of 
occurrence and the application of 
appropriate therapy. Osteomalacia was 
diagnosed in 3 cows or 6% of the total 
disease percentage , which has the closest 
results to the research conducted by 
Bzuneh et al. (2020). Despite its lower 
prevalence, osteomalacia was associated 
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with the most pronounced reduction in 
milk production, highlighting its severe 
impact on both skeletal integrity and 
metabolic function. 

The analysis of milk yield patterns 
revealed a statistically significant 
difference (P<0.05) between the group of 
cows with postpartum metabolic diseases 
and the healthy control group. These 
findings reflect the significant negative 
impact of metabolic diseases not only on 
average production levels but also on the 
overall productive potential of affected 
animals. Furthermore, the variability in 
milk yield was markedly higher in the 
group with metabolic diseases, as 
evidenced by a coefficient of variation of 
26.62%, compared to 10.11% in the 
healthy control group. Theincreased 
variability suggests greater inconsistency 
in lactational performance among affected 
animals, likely due to disease severity, 
delayed diagnosis, and variability in 
response to treatment. In contrast, the 
healthy group demonstrated more stable 
and predictable milk production dy-
namics. Examining the temporal distribu-
tion of milk yield, the negative effect was 
especially pronounced in the first month 
of lactation, where the average amount of 
milk was 11.6 L/ day for all metabolic 
diseases, compared to the healthy 
population with average yield for the first 
month of 31 L/day. This difference of 
19.4 L/day (62.5%) compared to the 
healthy cows determining the negative 
impact of metabolic diseases on milk 
yield,  confirmed by the results of previ-
ous research (Gross & Bruckmaier, 2019). 

The present study determined an 
increase in milk yield as early as the 
second month of the lactation period, yet 
with significantly lower milk quantities 
compared to the healthy population of 
cows and the impact of each metabolic 

disease separately on milk yield for the 
entire lactation period compared to the 
healthy population of cows. The healthy 
control group demonstrated a more typical 
lactation curve, with high initial yields (31 
L/day) that gradually declined toward the 
end of the lactation period (23 L/day), 
consistent with physiological expectations 
for lactation persistency in Holstein cows. 
The relatively lower final yields in 
diseased cows may also reflect premature 
drying-off or ongoing subclinical is-
sues.The puerperal paresis reduces milk 
yield by 25.08% or 7.5 L/day on the aver-
age , which in terms of comparative 
research is most similar to the results of 
Bzuneh et al. (2020).  In ketosis, the 
reduction was 5.1 L/day (reduction by 
17.06%) as confirmed by Bauer & 
Jagusiak (2025). Subacute rumen acidosis 
caused a decrease in milk yield by 2.6 
L/day (8.7%) comparable to the results of 
Elmehadi et al. (2022).Atypical puerperal 
paresis reduced milk yield by 9.3 L/day, 
i.e. by 31.1%, which confirmed data re-
ported by Bzuneh et al. (2020).   
Osteomalacia reduced milk yield by 
51.17% (15.3 L/day), as previously af-
firmed by Schild et al. (2023). 

The variability in milk yield in cows 
with metabolic diseases compared to the 
healthy cow population was 26.62%, i.e. 
with the impact of metabolic diseases, 
milk yield was reduced by 26.62% or by 
7.96 L/milk per day compared to the 
healthy cow population, during the 
lactation period (Coco et al., 2021). 

CONCLUSION 

The results of this study clearly 
demonstrate the substantial unfavorable 
impact on milk production in dairy cows 
suffering from metabolic disorders in the 
postpartum period. A significant propor-
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tion (25.4%) of examined Holstein cows 
were diagnosed with a metabolic disorder 
in the postpartum period.  

Puerperal paresis and ketosis were the 
most prevalent, while osteomalacia caused 
the most significant decline in milk 
production. The reduction in daily milk 
yield associated with the occurrence of 
metabolic disorders in the examined cows 
highlights the critical physiological 
challenges faced by dairy cows during the 
transition period, from pregnancy to peak 
lactation. On average, cows with metabo-
lic disorders produced 7.96 liters less milk 
per day compared to healthy cows with 
statistically significant differences be-
tween the two groups.  

The results highlight the importance of  
cows’ metabolic health during this tran-
sition period. Proactive and effective 
management through standardised nutri-
tion, regular monitoring, and early 
intervention is of pivotal meaning to 
support their recovery and ensure steady 
milk production. 
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