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Abstract: In recent years, many dairy cows in Türkiye have been compulsorily slaughtered before they have finished their lactation 
due to liver diseases. This study aimed to examine pre-slaughter clinical examination and post-slaughter liver tissue damage in 
Holstein breed dairy cows subjected to compulsory slaughter. In the present study, liver tissue from 85 Holsteins (n= 4 primiparous, 
n= 81 multiparous) aged 3-13 years that were delivered to slaughterhouses for compulsory slaughter was used. Clinical examination of 
all animals was performed before slaughter. After the obtained tissues were fixed, they were examined for steatosis, inflammation, 
fibrosis, and necrosis using histopathological methods. Lesions of varying degrees were found in 46% of the liver tissues analyzed. 
Among the reported findings were three examples of hepatic steatosis - one mild, one moderate and one severe. There were a total of 
35 cases (41.2%) of liver inflammation that were found to be significant (p<0.001), of which 23 were mild, 6 moderate, and 6 severe. 
No fibrosis was detected in any of the samples, but only one sample showed mild necrosis. The clinical examination stated that rumen 
acidosis and dyspepsia led to slaughter in 35.3% of the animals, while 21.2% were sent to slaughter due to anestrus/uterus 
disease/infertility problems. In conclusion, histopathological findings indicated a significantly high liver inflammation and the majority 
of compulsorily slaughtered Holsteins had rumen acidosis/indigestion and anestrus/fertility problems. 
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1. Introduction 
The compulsory slaughter of a large number of breeding 
cows due to various diseases causes significant losses to 
the country's economy and farmers. 781947 high-
performance dairy cows were compulsorily slaughtered 
between 2017 and 2019. Many of these slaughtered cows 
are due to metabolic diseases and infertility problems 
(Aksoy et al., 2021). 
The liver is an important organ that plays the biggest role 
in metabolic processes in the body of a living organism. 
The main functions of the liver can be classified as 
metabolism, secretion, storage, synthesis, and 
detoxification. (Imren and Şahal, 2002). The liver is 
essential for giving periparturient dairy cows energy 
from various (Drackley et al., 2001). 
It has been reported that in addition to bacterial, viral, 
and parasitic agents, many metabolic diseases also cause 
lesions in the liver (Stalker and Hayes, 2007; Metin, 
2011). Hepatitis is the word for inflammation of the liver 
parenchyma, and it can be either acute or chronic 

(Dodurka, 2002; Cullen, 2007). The factors causing 
inflammation in the liver were viral and bacterial agents 
(Sağlam et al., 2003; Stalker and Hayes, 2007; Tadepelli 
et al., 2009; Metin, 2011; Buergelt et al., 2017), mycotic 
and parasitic diseases (F. hepatica, Dicrocoelium 
dendriticum), the toxic effects of certain drugs, 
immunological diseases, chronic diseases of the digestive 
system, inorganic, organic, and plant toxins, and toxins 
from diseases characterised by inflammation such as 
metritis and mastitis (Altun and Sağlam, 2014; Batmaz, 
2016). Fibrosis, on the other hand, can develop as a 
result of chronic liver diseases, and the resulting damage 
can be irreversible (Friedman, 2000; Brown et al., 2010; 
Eulenberg and Lidbury, 2018). Hepatocytes may develop 
necrosis if the causes of liver tissue degeneration are not 
removed (Cheville, 1988; Milli and Hazıroğlu, 1997; 
Stalker and Hayes, 2007). Viral diseases cause not only 
inflammation in the liver but also degenerative and 
necrotic changes (Sağlam et al., 2003; Stalker and Hayes, 
2007; Tadepelli et al., 2009; Metin, 2011). 
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Liver enzyme elevations are generally the first clinical-
pathological changes observed in liver diseases. The 
damage occurring in the liver responds to a limited 
number of pathological changes. The occurrence of 
changes such as multiple necrosis and fibrosis in the final 
stage of this organ, along with the inflammatory response 
to dead cells, happens in the advanced stages of liver 
diseases. New hepatocytes or connective tissue cells 
(fibrosis) replace the dead cells (Buergelt at al., 2017). 
Liver tissue damage is most commonly observed as fatty 
liver syndrome during the transition period in high-
yielding dairy cows. Fatty liver, often known as hepatic 
lipidosis or fat cow syndrome, affects dairy cows mostly 
in the first few weeks of lactation but may already be 
evident just before or after parturition (Grummer, 1993; 
Bobe et al., 2004; Gross et al., 2013). During the first few 
months of lactation, between 50% and 60% of all dairy 
cows have higher hepatic lipid levels, according to a 
previous study by Jorritsma and colleagues (2000; 2001). 
Up to 40% of dairy cows with hepatic lipidosis in the first 
month after calving are estimated to have moderately 
fatty livers, and up to 10% have severe hepatic 
infiltration (Bobe et al., 2004). In the early postpartum 
phase, about 80% of downer cows had moderate to 
severe hepatic fat infiltration (Kalaitzakis et al., 2010). 
Additionally, the clinical relevance of hepatic lipidosis 
can be indirectly assessed by looking at the incidence 
rates of metabolic disorders that are closely connected, 
including ketosis (Gross, 2023).  
In Türkiye, there has never been a study focussing only 
on compulsorily slaughtered Holsteins. Among the 
reasons for the compulsory slaughter of animals, it will 
be important to observe the occurrence of fatty liver, 
inflammation, necrosis, and fibrosis in the liver tissue. 
Without the invasive procedure in live animals, only 
slaughterhouse material was used in the present study 
for animal welfare reasons. The present study aimed to 
investigate pre-slaughter clinical findings and the 
histopathological changes in the liver tissue of 
compulsorily slaughtered Holsteins and the relationship 
between liver damage and the reason for slaughter. 
 
2. Materials and Methods 
2.1. Animal material 
A total of 85 Holstein dairy cows brought to the 
slaughterhouse from 35 different villages with various 
diseases were examined clinically and 
histopathologically for liver tissue. After slaughter, liver 
samples were taken from dairy cows brought to the 
Menteşe and Milas slaughterhouses in the province of 
Muğla for compulsory slaughter. 
The youngest cow was 3 years old, while the oldest was 
13 years old, and the average age of the animals included 
in the study was 7 years. The lowest live weight of the 
animals sent for slaughter was 316 kg, while the highest 
live weight was recorded at 1090 kg. The average live 
weight of all the animals was 565 kg. Four Holsteins were 
primiparous, and 81 Holsteins were multiparous. 

2.2. Clinical Examination 
All animals underwent detailed antemortem clinical 
examinations before slaughter. Samples were taken from 
animals that were determined to have completed their 
productive lives and were suitable for slaughter. As a 
result of the clinical examination, liver samples were 
taken from 85 animals that were found to have 
completed their productive lifespan after slaughter. 
2.3. Liver Material Collection 
 Immediately after the slaughter of dairy cows, four 
(4x10 g) liver tissue samples of 10 grams were excised 
from the caudal region of their livers and placed in 
ziplock bags (Gerspach et al., 2017). Earrings number, 
farm name, breed and age of the slaughtered animal were 
written on each sample bag. The samples were brought 
to the laboratory with +4 °C transport containers and the 
liver tissue was fixed with 10% formalin for histological 
examination. 
2.4. Histopathological Examination of Liver Samples 
Liver samples were divided into 8-micrometre thick 
sections using a frozen microtome and stained with Oil 
Red O. The same tissues were also routinely examined 
after being fixed with 10% formaldehyde, and 5-
micrometre sections were cut from paraffin blocks. The 
sections were then stained with hematoxylin-eosin and 
prepared as two separate preparations for examination 
under the light microscope. Fat in liver cells histologically 
stained with red oil were classified as 1 (mild) if less than 
33% of the cell (vacuole= 10 µm²/100 µm²), 2 
(moderate) if between 33-66% (vacuole= 10-20 
µm²/100 µm²), and 3 (severe) if greater than 66% 
(vacuole= 20 µm²/100 µm²) (Brunt et al., 1999; Atasever 
et al., 2020). Inflammation, necrosis and fibrosis were 
graded between 0-3 (absent= 0, mild= 1, moderate= 2, 
severe= 3) (Sevinç and Aslan, 1998; Atasever et al., 
2020).  
2.5. Statistical Analysis 
The software MedCalc (MedCalc Software Ltd, Belgium) 
version 2022 was used to perform the statistical 
analyses. Descriptive statistics were used to indicate the 
reasons for slaughter the frequency of liver damage 
percent, and the degree of damage as previously 
categorized. The chi-square test was used to determine 
whether the diseases detected in all samples were 
significant or not. A value of p≤0.05 is accepted as 
significant. 
 
3. Results 
3.1. Clinical examination 
As a result of the clinical examination, diseases such as 
rumen acidosis, indigestion, and infertility were mostly 
detected. The clinical examination findings are detailed in 
Table 2. The clinical examination findings were found to 
be similar to the diseases mentioned in the official health 
report. 
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Table 1. Histopathological results of the 85 liver samples of Holsteins compulsorily slaughtered: number of adiposity, 
inflammation, necrosis and fibrosis in Primiparous (PRP, n= 4 total) and multiparous (MUL, n= 81 total) Holsteins 
 

  Adiposty Inflammation Necrosis Fibrosis 
Positive (n, total) 3 35 1 0 
Negative (n, total) 82 50 84 85 
Positive % (total) 3.5 41.2 1.2 0 
P >0.05 <0.001 >0.05 NA 
PRP positive (n) 0 2 0 0 
PRP negative (n) 4 2 4 4 
PRP positive (%) 0 50 0 0 
P NA NA NA NA 
MUL positive (n) 3 33 1 0 
MUL negative (n) 78 48 80 81 
MUL positive (%) 3.7 40.7 1.2 0 
P >0.05 <0.001 >0.05 NA 

NA= not applicable. 
 
3.2. Results of Histopathological Examination of 
Livers 
The results of the histopathological examination of the 85 
liver samples, the degree of adiposity, inflammation, 
necrosis and fibrosis were classified according to their 
severity and presented in Table 1 and Figure 1. 
While 39 animals (45.9%) were found to have various 
degrees of different pathological findings, none of the 
four different pathological findings were found in the 46 
liver samples (54.1%) that were assessed as healthy and 
without lesions. Various degrees of adiposity were found 
in 3 samples (3.5%). Inflammation was detected at a rate 
of 41.2% (n= 35). Out of 35 positive inflammation 
samples, mild inflammation was detected in 23, 
moderate inflammation in 6, and severe inflammation in 
6. In 1 out of 85 samples, mild necrosis was detected, 
which corresponds to 1.2%. Fibrosis was not detected in  
any of the samples. 

 
 

Figure 1. Results of the histopathological examination of 
the 85 liver samples from compulsorily slaughtered 
Holsteins: the degree of adiposity, inflammation, necrosis 
and fibrosis were classified according to their severity. 

 
Table 2. Descriptive statistics on the causes of slaughter and liver inflammation by histopathological examination in 85 
compulsorily slaughtered Holsteins 
 

Reason for Compulsory Slaughter 
Total compulsorily slaughtered (n= 85) Liver inflammation (n= 35) 

n % n % 
Chronic mastitis/mammary fibrosis 9 10.6 4 11.4 
Omasum constipation 7 8.2 0 0.0 
Reticuloperitonitis traumatica 6 7.1 4 11.4 
Old age 4 4.7 2 5.7 
Paralytic ileus 1 1.2 0 0.0 
Indigestion and ruminal acidosis 30 35.3 13 37.1 
Ovarian-dysfunction/anesturs/uterus 
diseases/infertility 

18 21.2 8 22.9 

Abomasum displacement  3 3.5 1 2.9 
Abomasum ulcer 3 3.5 1 2.9 
Milk fever 4 4.7 2 5.7 

 
The reasons for the compulsorily slaughtered Holsteins 
with liver inflammation are shown in Table 2. 
Indigestion/rumen acidosis, ovarian 

dysfunction/infertility/uterine problems, RPT and 
chronic mastitis/mammary fibrosis were the reasons in 
the majority of Holsteins with liver inflammation. Most 
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Holsteins were sent to compulsory slaughter due to 
indigestion/rumen acidosis (35.3%) and ovarian 
dysfunction/anestrus/uterus problems (21.2%). 
In the histopathological examination of tissue sections 
prepared from the livers (Figures 2, 3 and 4), the 
widespread distribution of macro and microvesicular fat 
vacuoles of varying sizes in hepatocytes within the liver 
parenchyma was noteworthy. Holsteins in this study had 
mild to severe inflammation, and the inflammatory 
infiltrates were distributed either periportally or 
diffusely throughout the liver tissue. Consequently, 
modest portal inflammatory infiltrates were present in 
the majority of hepatitis. 
 

 
 

Figure 2. Grade 3 steatosis, stained with 
hematoxylineosin (white arrows). 
 

 
 

Figure 3. Lobular inflammation/Neutrophil and 
mononuclear cell infiltrations (white arrows). 
 

 
 

Figure 4. Mixed mononuclear / polymorphonuclear cell 
infiltration and accumulation in hepatic lobules and 
necrosis (white arrows). 
 
4. Discussion 
In Türkiye, most dairy cows go to slaughter before 
completing their lactation life. In fact, 781947 dairy cows 
were compulsorily slaughtered between 2017 and 2019 
in Türkiye. Metabolic diseases played a major role in 
slaughtering dairy cows at an early age. Abomasal 

displacement, fatty liver disorders, milk fever, and 
ketosis were frequent, particularly in Holstein dairy cows 
(Aksoy et al., 2021). The present study aimed to examine 
histopathological changes in liver tissues of Holsteins 
slaughtered compulsorily in slaughterhouses. Instead of 
the hazardous and laborious method of taking a biopsy 
from the liver of a live animal, the liver tissues of freshly 
slaughtered dairy cows were examined.  
Fatty liver is a common disease in dairy cows and is 
associated with many diseases (Wensing et al., 1997; 
Bobe et al., 2004). Additionally, there are correlations 
between fatty liver and a higher culling rate and a worse 
lifespan performance (Gross, 2023). Bacterial, viral, and 
parasitic agents, the toxic effects of some drugs, immune 
system diseases, and many diseases characterized by 
inflammation also cause inflammation in liver tissues 
(Stalker and Hayes, 2007; Tadepelli et al., 2009; Metin, 
2011; Altun and Sağlam, 2014; Batmaz, 2016; Buergelt et 
al., 2017).  
In a study conducted in Türkiye (Altun and Sağlam, 
2014), 1381 bovine livers brought to the slaughterhouse 
were examined, and histopathological examination was 
performed on 100 liver tissues where lesions were 
detected during macroscopic examination. As a result of 
the examination, abscess formation was detected in 11% 
of the lesioned samples, connective tissue proliferation 
and cirrhosis in 21%, necrosis of varying sizes and 
locations in 38%, fat degeneration in 4%, hydropic 
degeneration and cloudy swelling in 56%, hyperemia and 
congestion in 17%, and pigmentation in 9%. The cattle 
breeds used in this study were unspecified and healthy 
animals were slaughtered, which differed from the 
present study. While fat degeneration was found to be 
4%, which was close to our study, necrosis formation was 
found to be very high at 38% compared to the present 
study. In a study conducted in the Netherlands on the 
prevalence of liver steatosis in 218 live animals selected 
from 9 different farms, the prevalence of liver steatosis 
was found to be 54%. In this study, liver steatosis was 
investigated by measuring serum NEFA values and liver 
triacylglycerol levels in liver biopsies taken from the 
animals between 6-17 days postpartum (Jorritsma et al., 
2001). A fatty liver can cause ketosis or subclinical 
ketosis in the postpartum period (Herdt, 1988; Gross, 
2023). Subclinical ketosis leading to metabolic and 
reproductive diseases in high-producing cows has been 
observed in an average of 22-24% of dairy cows 
worldwide (Suthar et al., 2013; Brunner et al., 2019), 
while clinical ketosis has been observed in an average of 
7.2% (Venjakob et al., 2017). Here too, fatty liver leads to 
a predisposition to postpartum disease due to reduced 
reproductive performance, lower milk yield and 
weakened immunity (Breukink and Wensing, 1997; 
Sevinç and Aslan, 1998; Geelen and Wensing, 2006; 
Gross, 2023.). In another study conducted in Türkiye in 
1996, a relationship between fatty liver and 
hypocalcemia was found. In 20 dairy cows diagnosed 
with hypocalcemia, liver samples taken through biopsy 
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procedures revealed varying degrees of fatty liver, 
approximately 70% (Sevinç and Aslan, 1998). In another 
study, 1400 bovine livers randomly selected from 
slaughtered animals were examined macroscopically, 
and a large number of parameters were investigated 
histopathologically in 100 of them that had lesions. 
Hyperaemia (17%), haemorrhage (4%), hydropic 
degeneration and fuzzy swelling (87%), lipidosis (13%), 
necrosis (26%), hepatitis (47%), kuppfer cell 
proliferation (56%), bile duct hyperplasia (13%), biliary 
fibrosis (17%), parenchymal fibrosis (3%), and 
melanosis (2%) were all found during the 
histopathological examination. Hyperaemia (1.21%), 
hemorrhage (0.29%), hydropic degeneration and fuzzy 
swelling (6.21%), lipidosis (0.93%), necrosis (1.86%), 
hepatitis (3.36%), kuppfer cell proliferation (4%), bile 
duct hyperplasia (0.93%), biliary fibrosis (1.21%), 
parenchymal fibrosis (0.21%), and melanosis (%0.14) 
were the rates, taking into account all of the cattle that 
were slaughtered (Oruç, 2009). The breeds of the animals 
included in this study, whether they are dairy cattle or 
beef cattle, were not reported, and they were stated to be 
healthy during the antemortem examination. In this 
study, the results obtained from the lesioned samples 
showed that the value for hepatitis was close to our 
study, while the values for fibrosis, necrosis, and lipidosis 
were numerically higher than those in our study. The fact 
that the animals used in the study were healthy upon 
antemortem examination, belonged to different breeds 
and were either beef or dairy cattle are important factors 
affecting the research results. In another study conducted 
in the province of Erzurum, Türkiye, the rate of steatosis 
was found to be 4%. In the same study, it was reported 
that necrotic areas were detected in 38% of the cases. In 
our study, necrotic areas were found in only 1 case. In 
this study, fibrosis was found in 21% of the cases with 
lesions, but in our study, no samples showed fibrosis. In 
this study, healthy male and female animals were used in 
the antemortem examination (Altun ve sağlam, 2014). 
Fibrosis mostly occurs as a result of chronic liver 
diseases and the damage it causes is irreversible. It can 
be said that there was no such serious liver damage in 
the animals included in our study. It can be speculated 
that the high level of inflammation observed in our study 
can suggest the presence of one or more of the factors 
such as viral, bacterial, mycotic, parasitic, and toxic 
agents that cause inflammation in the liver of 
compulsorily slaughtered cows in the present study. 
There have been studies on the prevalence of parasitic 
diseases of the bovine liver (Celep et al., 1990; Gargılı et 
al., 1999; Şimşek et al., 2005; Balkaya and Şimşek, 2010) 
and pathological changes have been observed in the liver 
in Türkiye (Gözün ve Kıran, 1999; Durgut et al., 2003; 
Oruç, 2009; Balkaya et al., 2010; Altun and Sağlam, 
2014). Celep et al. (1990) reported, the prevalence of 
species were as follows : Trematods; D.dendriticum 
(74.6%), C.daubneyi (39.4%), F.hepatica (25.3%), P.cervi 
(0.7%), Nematodes; Ostertagia spp. (65.5%), Cooperia spp 

(45.8%), Oesophagostomum spp. (32.4%), T. axei (31.0%), 
In another study, following the slaughter, the liver and 
lungs, as well as other internal organs, were inspected for 
hydatid cysts and for Fasciola species in the liver bile 
ducts. 717 (34.3%) of the 2088 animals tested positive 
for hydatic cysts. Of these cattle with the infection, 520 
(72.5%) had hydatid cysts in their lungs, 83 (11.6%) had 
just liver cysts, and 109 (15.2%) had both liver and lung 
cysts (Balkaya and Şimşek, 2010). However, in these 
studies, there was no detailed information about dairy 
cattle or beef cattle. In our study, only liver samples from 
Holsteins brought to the slaughterhouse for compulsory 
slaughter were used. 
Sending dairy cows to slaughter before completing their 
lactation period causes significant economic losses in 
animal husbandry (Aksoy et al., 2021). According to the 
Tigem 2024 report, one lactating Holstein dairy cow 
costs around €3803. Aksoy et al. (2021) reported that 
260000 dairy cows are sent for forced slaughter every 
year. This represents an average annual economic loss of 
989 million euros in Türkiye. Replacing forced 
slaughtered Holsteins in the dairy industry will take time 
and also incur additional costs. 
 
5. Conclusion  
In summary, the histopathological findings indicated a 
significantly high level of liver inflammation in 
compulsory slaughtered Holsteins and that rumen 
acidosis/indigestion and anestrus/fertility problems 
were the cause of slaughter in the majority of cows. This 
study has once again highlighted the urgent need to 
implement liver-protective protocols in herd 
management, particularly on family farms, to address 
this deficiency. It could be helpful for producers to 
establish a monitoring system in dairy farming. 
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