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during sustained viral infection (El-Nahas et al., 2017). 
Serum creatinine concentrations showed mild, non-
significant elevation in affected animals, particularly in 
Holstein Friesian and older cattle, suggesting transient renal 
stress rather than overt renal dysfunction. These changes 
are likely secondary to dehydration, fever, and systemic 
inflammatory response rather than direct viral nephropathy. 
Comparable observations have been reported in previous 
studies, indicating that renal function is generally preserved 
in LSD, except in severe or complicated cases (Sevik & 
Dogan, 2017; Sudhakar et al., 2020).

CONCLUSION

 The present study highlights the biochemical 
alterations in cattle affected by Lumpy Skin Disease 
(LSD), revealing significant increases in serum AST and 
ALT levels and a notable reduction in albumin levels. 
These changes indicate hepatic involvement and possible 
muscle damage in LSD-affected animals. Among the 
affected cattle, older animals were the most susceptible. 
Additionally, crossbred cattle exhibited a higher susceptibility 
to LSD. This knowledge can contribute to improved 
disease management, early diagnosis and the development 
of effective control strategies to mitigate the economic 
losses associated with LSD.
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Table 1. Mean±SE of Serum biochemical values in the control group and Lumpy skin disease affected cattle of various 
places.

 HEALTHY Jaipur region Udaipur region Bikaner region Shriganganagar Significance
 (N= 20) (N= 18) (N= 22) (N= 25) region (N=27)

Creatinine (mg/dl) 1.236 ± 0.082 1.653 ± 0.163 1.377 ± 0.116 1.623 ± 0.114 1.544 ± 0.131 NS
a c ab bc bcALT (IU/L) 13.877  ± 2.244 32.519  ± 3.397 20.686  ± 3.032 29.348  ± 2.461 25.478  ± 3.043 **
a b c ab bcAST (IU/L) 26.832  ± 3.895 110.863  ± 25.01 204.632  ± 44.468 105.985  ± 15.107 155.467  ± 25.329 **

bc c a c abAlbumin (g/dl) 2.909  ± 0.15 3.074  ± 0.129 2.425  ± 0.092 3.096  ± 0.087 2.683  ± 0.112 **

Alk Phos (IU/L) 87.041 ± 10.578 108.419 ± 15.645 120.941 ± 12.399 102.056 ± 11.151 124.922 ± 12.004 NS

Globulin(g/dl) 3.672 ± 0.632 4.668 ± 0.82 4.402 ± 0.37 5.456 ± 0.639 4.728 ± 0.398 NS

Total Protein(g/dl) 6.64 ± 0.639 7.741 ± 0.846 6.826 ± 0.37 8.552 ± 0.655 7.411 ± 0.396 NS

Note: Means bearing different superscripts in same row differ significantly (p ≤ 0.05). N : Number of samples.
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ABSTRACT

 The present study investigates the distribution of key histochemical components in the thymus gland of sheep across various prenatal and 
postnatal age groups. In prenatal thymus, strong PAS positive reactions were observed in Hassall's corpuscles and blood vessels, while the capsule 
and trabeculae showed moderate PAS positive reaction, indicating presence of glycogen. The Hassall's corpuscle exhibited mild reaction for neutral 
mucopolysaccharides and strong reaction for acid mucopolysaccharides with combined Alcian blue-PAS technique in all prenatal age groups. The 
capsule, septa and parenchyma showed moderate to strong reaction for the presence of protein tyrosine in all prenatal age groups. The septa showed 
positive reaction for the presence of lipid deposits in all prenatal age groups. A strong activity in parenchyma of cortex, medulla and Hassall's 
corpuscle was noticed for the presence of enzyme alkaline and acid phosphatases in all prenatal age groups. In postnatal ages with combined Alcian 
blue-PAS staining a moderate neutral and acid mucopolysaccharide positive reaction was noticed in the Hassall's corpuscle of all postnatal age 
groups. The capsule and septa showed moderate PAS activity for the presence of glycogen. Capsule and septa showed weak reaction whereas 
Hassall's corpuscles showed moderate reaction for the presence of tyrosine in all postnatal age groups. Parenchyma of thymus showed mild reaction 
for lipids whereas strong lipid activity was noticed in the interlobular septa in all postnatal age groups. Both acid phosphatase and alkaline 
phosphatase showed mild reaction in the stroma however, a strong reaction was noticed in the parenchymal region in all postnatal age groups.

Keywords: Histochemistry, Postnatal, Prenatal, Sheep, Thymus

HISTOCHEMICAL STUDIES OF THYMUS GLAND OF SHEEP IN PRE AND
POSTNATAL AGE GROUPS

1 2 3 4
BHAGYALAKSHMI, J.*, BALASUNDARAM, K. , SRAVANTHI, M. , SUJANA, K.M.  and CHARITHA, V.G.

Department of Veterinary Anatomy, NTR College of Veterinary Science, Gannavaram
1
Department of Veterinary Anatomy, Veterinary College and Research Institute, Namakkal

2 3
State Level Diagnostic Laboratory, Department of Veterinary Anatomy, Sri Venkateswara Veterinary University, Tirupati

4Department of Veterinary Parasitology, College of Veterinary Science, Proddatur

Received: 18.03.2025; Completed: 19.06.2025

 Sheep serve as a vital livestock species in global 
agriculture, contributing substantially to the rural 
economy through the production of meat, milk and wool 
(Bhagyalakshmi et al., 2024). Owing to their well-
characterized gestational timeline, immunological 
relevance and physiological similarity to other ruminants, 
sheep are extensively utilized as a model organism in 
developmental biology and comparative immunopathology 
studies (Bhagyalakshmi et al., 2025). The Greek word 
“warty excrescence” originates from the word thymus, 
which resembles the flowers of the thyme plant. It is 
located in the superior mediastinum and anterior part of the 
inferior mediastinum. The thymus, being a retrosternal and 
well-protected organ, can be utilised for foetal age 
determination, highlighting its importance in accurately 
estimating foetal age. The thymus develops as a bilobed 
structure from the endoderm of the third pharyngeal pouch 
during the 6th week of embryonic life (Tamilselvan et al., 
2017). This endoderm interacts with neural crest cells, 
which become encapsulated within a capsule. Therefore, 
the gross features and histogenesis of the thymus can be 
used to estimate the gestational age of foetuses in cases of 
grossly mutilated foetal deaths (Sandhya et al., 2023).

 Size of the thymus grows rapidly during the 
embryonic life and pre-pubertal life, reaches its maximum 

absolute size about the time of puberty and then 
degenerates (Prabavathy, 2021). The lymphatic system 
performs a vital role in both normal and pathological 
processes. It contributes in the maintenance of normal 
tissue fluid balance, the immune functions such as cellular 
and antigen trafficking, the absorption of fatty acids and 
lipid-soluble vitamins in the gut (Elizabeth and Fredric, 
2011). The thymus is the one of the primary lymphoid 
organs, which appear during embryonic development. The 
main function of the thymus is the production of ‘T’ 
lymphocytes, differentiate and assist in the clonal 
expansion of lymphocytes, which are necessary for the 
cell-mediated immunity thus recognized as a 'pacemaker' 
of lymphopoiesis. Thymus performs a vital part in the 
development of immune response in the foetal period. The 
distribution of the epithelial cells gives rise to the thymic 
epithelial reticulum, which becomes occupied by blood 
vessels from the contiguous mesenchyma. Lymphoblasts 
derived from the bone marrow stem cells invade the interstices, 
filling the spaces between epithelial cells. Therefore, the 
thymus also referred to as a lympho-epithelial organ. Thymus 
is essential for the growth of the peripheral lymphoid tissue 
and their associated adaptive immune function. The 
thymus determines the number of lymphocytes in the 
lymphatic organs and regulates the immunologic competence 
of animals. It is also important in the production of the 
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hormones (Prakash, 1988). The present study was 
undertaken to study the relative changes in histochemistry 
of thymus in different prenatal age groups of sheep foetuses.

MATERIALS AND METHODS

 The present study was conducted on thirty-six sheep 
(prenatal and postnatal) from 0 to 150 days of prenatal 
sheep and 1month to 2 years and above of postnatal age 
groups. These animals were divided into six groups and 
each group containing six animals; Group-I (0 to 50 days), 
Group-II (51 to 100 days), Group-III (101 to 150 days), 
Group-IV Birth to 6 months (Pre-pubertal) and Group-V 6-
8 months (Pubertal) and Group-VI 2 years and above 
(Adult). The lymphoid organ thymus of prenatal and 
postnatal age groups of sheep collected separately in 
thermos containing ice cubes from slaughterhouses in 
Andhra Pradesh and Tamil Nadu.

 The approximate age of the prenatal age groups was 
estimated by obtaining the crown rump length (CRL) and 
substituting in the formula given below (Noakes, 2009).

 A= 2.1(B+17)

 Where 'A' is the developmental age of foetus in days 
and ‘B’ is crown rump length in centimetres.

 In case of foetuses up to 3 cm CRL standard values 
given by Bryden et al. (1972a) were used for estimation of 
age in days. The postnatal age of sheep was determined 
based on the eruption of teeth as per Dyce et al. (1996). The 
foetuses of non-descript breed and irrespective of sex were 
collected from the pregnant sheep uteri immediately after 
slaughter. The body weight and CRL of foetuses were 
recorded. The foetuses were dissected by making a mid-
ventral skin incision starting from the body of the mandible 
up to the inguinal region. The lymphoid organ, thymus was 
located and collected. The collected thymuses were rinsed 
in normal saline. The gross morphology such as colour, 
shape, location and topography was recorded and fixed in 
the various fixatives such as 10% neutral buffered formalin, 
chilled 10% neutral buffered formalin and Bouin's fluid.

 For histochemical study, fresh tissue samples of the 
thymus were fixed in chilled 10% neutral buffered 
formalin. After fixation, thymic tissue samples of 1-2 mm 
thickness size were cut at 9 µm thickness of frozen sections 
were prepared at -20º C and stained with oil red O for fats, 
Gomori's cobalt and Napthol AS-BI method for Alkaline 
phosphatase, Gomori's lead nitrate method for Acid 
phosphatase. These cryostat frozen sections were then 
processed separately with Gomori’s Cobalt and Napthol 
AS-BI method for demonstration of alkaline phosphatase, 
Gomori’s modified lead nitrate method for acid phosphatase 
(Carleton and Drury, 1980) and Oil Red O method for 

lipids. These cryostat sections for histochemical studies of 
the samples were carry out at the State Level Diagnostic 
Laboratory, Sri Venkateswara Veterinary University, 
Tirupati.

 Paraffin wax-embedded sections were prepared and 
stained with periodic acid Schiff's reagent (PAS) for 
glycogen, Million's reaction for protein tyrosine and 
Combined Alcian blue- PAS technique for acid and neutral 
mucopolysaccharides. The slides were observed under a 
compound microscope at magnifications of 40, 100, 400 
and 1000 times for interpretation. Hence this study aims in 
determining the histochemical components of thymus gland 
at different gestational ages in foetuses and adult sheep.

RESULTS AND DISCUSSION

Prenatal thymus:

(a) Carbohydrate analysis:

 In prenatal age groups the thymus of sheep, strong 
PAS positive reaction was observed in Hassall’s 
corpuscles (Fig. 1a) and blood vessels whereas 
capsule and trabeculae showed moderate PAS 
positive reaction indicating the presence of 
glycogen. These results are in agreement with the 
reports by Yogesh (2007) in goat foetuses. The 
Hassall’s corpuscle (Fig. 1b) showed mild reaction 
for neutral mucopolysaccharides and strong reaction 
for acid mucopolysaccharides with combined 
Alcian blue-PAS technique in all prenatal age 
groups (Table 1), which was in agreement with the 
reports of Yogesh (2007) in goat foetuses.

b) Protein dynamics:

 The capsule, septa and parenchyma (Fig. 1c) 
showed moderate to strong reaction for the presence 
of tyrosine in all prenatal age groups (Table 1). The 
protein component was not noticed in the prenatal 
age group in any of the literature reviewed.

c) Lipid storage:

 The septa (Fig. 1d) showed positive reaction for the 
presence of lipid deposits in all prenatal age groups 
(Table 1). Whereas Ramayya and Singh (2012) in 
buffalo foetuses and Geetha et al. (2016) in mice, rat 
and guinea pig reported that lipid content was less in 
prenatal age groups.

d) Enzymatic activities:

 i) Alkaline phosphatase activity:

  A strong activity in parenchyma of cortex, 
medulla and Hassall's corpuscle was noticed for 
the presence of alkaline phosphatase (Fig. 2a) in 
all prenatal age groups whereas Ramayya 
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(2007) noticed weak activity in capsule and 
stroma in all prenatal age groups of buffalo 
foetuses. In contrast to the present results, 
Yogesh (2007) and Geetha et al. (2016) stated 
that there was no alkaline phosphatase activity 
in all prenatal age groups of goat and mice, rat 
and guinea pig, respectively.

 ii) Acid phosphatase activity:

  The cortex, medulla and Hassall’s corpuscle 
showed strong activity for the presence of acid 
phosphatases (Fig. 2b) in all prenatal age groups 
whereas Yogesh (2007) stated that the acid 
phosphatase activity was moderate to intense in 
the capsule, septa, Hassall’s corpuscles and 
blood vessels. Whereas, moderate activity was 
found in cortex and medulla in all prenatal age 
groups of sheep. In contrast to the present 
results, Ramayya (2007) reported no acid 
phosphatase activity during prenatal period in 
buffalo foetuses. Acid phosphatase activity 
noticed in the present study was indication of 
lysosomal activity in the developing phase of 
thymus because of continuous tissue variation 
with age advanced. The moderate to strong acid 
phosphatase activity in thymus could be described 
to the release of lysosomal hydrolases, which 
might be associated with the cellular modifications 

occurring during histogenesis of thymus with 
the advancement of age (Yogesh, 2007).

Postnatal thymus:

a) Carbohydrate analysis:

 In postnatal age groups, a moderate neutral and acid 
mucopolysaccharide reaction was noticed in the 
Hassall's corpuscle and parenchyma of all postnatal 
age groups (Fig. 3a). In accordance with the present 
observations, Ramayya and Singh (2012) reported 
strong to moderate PAS positive activity in Hassall's 
corpuscles during pre-pubertal age groups of buffalo 
calves (Table 2).

b) Protein dynamics:

 The capsule and septa showed weak reaction 
whereas Hassall's corpuscles (Fig. 3b) showed 
moderate reaction for the presence of tyrosine in all 
postnatal age groups (Table 2). The protein content 
was not noticed in the postnatal age groups in any of 
the literature reviewed.

c) Lipid storage:

 The parenchyma of thymus showed mild reaction 
for lipids whereas strong lipid activity was noticed 
in the interlobular septa (Fig. 3c) in all postnatal age 
groups (Table 2). In contrast to the present results, 
Ramayya and Singh (2012) observed no activity for 

Table 1. Histochemical observations of thymus in prenatal age groups of sheep

Thymus Prenatal age groups

 PAS Combined Tyrosine Lipid Alkaline Acid
  Alcian blue   Phosphatase Phosphatase
  -PAS

Capsule - - ++ to +++ - - -
Septa - - ++ to +++ + - -
Cortex - - ++ to +++ - +++ +++
Medulla - - ++ to +++ - +++ +++
Hassall’s Corpuscle +++ + to +++ ++ to +++ - +++ +++
Blood vessel +++ - ++ to +++ - - -

+++ Strong; ++ Moderate; + Weak; - No reaction

Table 2. Histochemical observations of thymus in postnatal age groups of sheep

Thymus Prenatal age groups

 PAS Combined Tyrosine Lipid Alkaline Acid
  Alcian blue   Phosphatase Phosphatase
  -PAS

Capsule ++ - + - + +
Septa ++ - + - + +
Cortex - ++ - + +++ +++
Medulla - ++ - + +++ +++
Hassall’s Corpuscle - ++ ++ +++ +++ +++

+++ Strong; ++ Moderate; + Weak; - No reaction
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undertaken to study the relative changes in histochemistry 
of thymus in different prenatal age groups of sheep foetuses.

MATERIALS AND METHODS

 The present study was conducted on thirty-six sheep 
(prenatal and postnatal) from 0 to 150 days of prenatal 
sheep and 1month to 2 years and above of postnatal age 
groups. These animals were divided into six groups and 
each group containing six animals; Group-I (0 to 50 days), 
Group-II (51 to 100 days), Group-III (101 to 150 days), 
Group-IV Birth to 6 months (Pre-pubertal) and Group-V 6-
8 months (Pubertal) and Group-VI 2 years and above 
(Adult). The lymphoid organ thymus of prenatal and 
postnatal age groups of sheep collected separately in 
thermos containing ice cubes from slaughterhouses in 
Andhra Pradesh and Tamil Nadu.

 The approximate age of the prenatal age groups was 
estimated by obtaining the crown rump length (CRL) and 
substituting in the formula given below (Noakes, 2009).

 A= 2.1(B+17)

 Where 'A' is the developmental age of foetus in days 
and ‘B’ is crown rump length in centimetres.

 In case of foetuses up to 3 cm CRL standard values 
given by Bryden et al. (1972a) were used for estimation of 
age in days. The postnatal age of sheep was determined 
based on the eruption of teeth as per Dyce et al. (1996). The 
foetuses of non-descript breed and irrespective of sex were 
collected from the pregnant sheep uteri immediately after 
slaughter. The body weight and CRL of foetuses were 
recorded. The foetuses were dissected by making a mid-
ventral skin incision starting from the body of the mandible 
up to the inguinal region. The lymphoid organ, thymus was 
located and collected. The collected thymuses were rinsed 
in normal saline. The gross morphology such as colour, 
shape, location and topography was recorded and fixed in 
the various fixatives such as 10% neutral buffered formalin, 
chilled 10% neutral buffered formalin and Bouin's fluid.

 For histochemical study, fresh tissue samples of the 
thymus were fixed in chilled 10% neutral buffered 
formalin. After fixation, thymic tissue samples of 1-2 mm 
thickness size were cut at 9 µm thickness of frozen sections 
were prepared at -20º C and stained with oil red O for fats, 
Gomori's cobalt and Napthol AS-BI method for Alkaline 
phosphatase, Gomori's lead nitrate method for Acid 
phosphatase. These cryostat frozen sections were then 
processed separately with Gomori’s Cobalt and Napthol 
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glycogen, Million's reaction for protein tyrosine and 
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determining the histochemical components of thymus gland 
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(2007) noticed weak activity in capsule and 
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foetuses. In contrast to the present results, 
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that there was no alkaline phosphatase activity 
in all prenatal age groups of goat and mice, rat 
and guinea pig, respectively.
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showed strong activity for the presence of acid 
phosphatases (Fig. 2b) in all prenatal age groups 
whereas Yogesh (2007) stated that the acid 
phosphatase activity was moderate to intense in 
the capsule, septa, Hassall’s corpuscles and 
blood vessels. Whereas, moderate activity was 
found in cortex and medulla in all prenatal age 
groups of sheep. In contrast to the present 
results, Ramayya (2007) reported no acid 
phosphatase activity during prenatal period in 
buffalo foetuses. Acid phosphatase activity 
noticed in the present study was indication of 
lysosomal activity in the developing phase of 
thymus because of continuous tissue variation 
with age advanced. The moderate to strong acid 
phosphatase activity in thymus could be described 
to the release of lysosomal hydrolases, which 
might be associated with the cellular modifications 

occurring during histogenesis of thymus with 
the advancement of age (Yogesh, 2007).

Postnatal thymus:

a) Carbohydrate analysis:

 In postnatal age groups, a moderate neutral and acid 
mucopolysaccharide reaction was noticed in the 
Hassall's corpuscle and parenchyma of all postnatal 
age groups (Fig. 3a). In accordance with the present 
observations, Ramayya and Singh (2012) reported 
strong to moderate PAS positive activity in Hassall's 
corpuscles during pre-pubertal age groups of buffalo 
calves (Table 2).

b) Protein dynamics:

 The capsule and septa showed weak reaction 
whereas Hassall's corpuscles (Fig. 3b) showed 
moderate reaction for the presence of tyrosine in all 
postnatal age groups (Table 2). The protein content 
was not noticed in the postnatal age groups in any of 
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c) Lipid storage:

 The parenchyma of thymus showed mild reaction 
for lipids whereas strong lipid activity was noticed 
in the interlobular septa (Fig. 3c) in all postnatal age 
groups (Table 2). In contrast to the present results, 
Ramayya and Singh (2012) observed no activity for 

Table 1. Histochemical observations of thymus in prenatal age groups of sheep

Thymus Prenatal age groups

 PAS Combined Tyrosine Lipid Alkaline Acid
  Alcian blue   Phosphatase Phosphatase
  -PAS

Capsule - - ++ to +++ - - -
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Table 2. Histochemical observations of thymus in postnatal age groups of sheep

Thymus Prenatal age groups

 PAS Combined Tyrosine Lipid Alkaline Acid
  Alcian blue   Phosphatase Phosphatase
  -PAS

Capsule ++ - + - + +
Septa ++ - + - + +
Cortex - ++ - + +++ +++
Medulla - ++ - + +++ +++
Hassall’s Corpuscle - ++ ++ +++ +++ +++

+++ Strong; ++ Moderate; + Weak; - No reaction



more in the post-pubertal age groups when 
compared to prenatal and pre-pubertal age groups, 
which indicated the age-related involuntary changes 

lipids in capsule of buffalo, but they have noticed 
lipids in reticular epithelial cells. According to 
Geetha et al. (2016), the accumulation of fats was 
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A B

Fig. 4. (a) Photomicrograph showing acid phosphatase reaction in thymus of sheep at 7 months of age (Gomori's lead×100). (b) Photomicrograph 
showing alkaline phosphatase reaction in thymus of sheep at 7 months of age (Gomori's cobalt×100).

A

C

B

Fig. 3. (a) Photomicrograph showing AB-PAS positive reaction in 

thymus of sheep at 2 years of age (Combined Alcian blue-PAS × 

400). (b) Photomicrograph showing localization of tyrosine in 

thymus of sheep at 4 months of age (Millon’s reaction×400). (c) 

Photomicrograph showing lipid deposits in the septa of thymus in 

sheep at 2 years of age (Oil Red O×400). [Hc- Hassall’s corpuscle; 

Me- Medulla; Se- Septa; Li- Lipids].
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of thymus indicated by invasion of adipose tissue, 
loss of lymphocyte population and formation of 
small pits.

d) Enzymatic activities:

 i) Alkaline phosphatase activity:

  The alkaline phosphatase showed mild reaction 
(Fig. 4a) in the stroma. However, a strong 
reaction was noticed in the parenchymal region 

in all postnatal age groups whereas Ramayya 
(2007) reported that the alkaline phosphatase 
activity was strong in cortex and medulla of 
buffalo calves during 1 week to 3 months and 
moderate in 6 to12 months of age.

 ii) Acid phosphatase activity:

  The acid phosphatase showed mild reaction (Fig. 
4b) in the stroma. However, a strong reaction 

Fig. 1. (a) Photomicrograph showing PAS positive reaction in thymus of sheep foetus at 103 days of gestation (PAS×400). (b) Photomicrograph 
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Fig. 2. (a) Photomicrograph showing alkaline phosphatase reaction in thymus of sheep foetus at 110 days of gestation (Gomori’s cobalt ×100). (b) 
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more in the post-pubertal age groups when 
compared to prenatal and pre-pubertal age groups, 
which indicated the age-related involuntary changes 

lipids in capsule of buffalo, but they have noticed 
lipids in reticular epithelial cells. According to 
Geetha et al. (2016), the accumulation of fats was 
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Fig. 4. (a) Photomicrograph showing acid phosphatase reaction in thymus of sheep at 7 months of age (Gomori's lead×100). (b) Photomicrograph 
showing alkaline phosphatase reaction in thymus of sheep at 7 months of age (Gomori's cobalt×100).
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sheep at 2 years of age (Oil Red O×400). [Hc- Hassall’s corpuscle; 

Me- Medulla; Se- Septa; Li- Lipids].
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 Cattle hold immense significance in India's 
agricultural economy, culture, and everyday life. They 
play a crucial role in food production, rural livelihoods, 
and sustainable farming. As the world’s largest producer of 
milk, India relies heavily on cattle for dairy products, with 
indigenous breeds such as Gir, Sahiwal, and Hariana 
supporting millions of dairy farmers. Small and marginal 
farmers depend on cattle for income, employment, and 
nutrition. In many rural areas, bullocks continue to be used 
for plowing, transportation and various farm activities, 
particularly where mechanization remains limited. Cattle 
dung serves as natural manure, enhancing soil fertility and 
reducing reliance on chemical fertilizers. It is also used for 
biogas production, offering an eco-friendly energy source. 
Cattle contribute to sustainable farming by improving soil 
health through natural fertilization. Additionally, in 
Hinduism, cows are considered sacred and hold a vital 
place in religious rituals. Milk and dairy products are an 
integral part of the Indian diet, providing essential 
nutrients like protein and calcium. Beyond milk 
production and farm labor, cattle are deeply embedded in 
India's rural economy, traditional agricultural practices 
and ecological balance. Cattle breeds in India are 
categorized based on their milk yield, with high-yielding 
breeds distinguished from low or medium-yielding ones. 
The Hariana breed, native to Haryana, is primarily found in 
the districts of Rohtak, Hisar, Jind and Gurgaon. These 
cattle have a white or light grey coat, a strong and muscular 
build, long legs and a small hump. While primarily used as 
draught animals in agriculture, Hariana cows produce a 

moderate amount of milk, approximately 5-8 liters per day 
under proper management. They are known for their 
resilience, disease resistance and adaptability to hot 
climates, making them highly valuable to farmers in 
northern India. Breeders have always aimed to evaluate the 
production potential of dairy animals. Since the economic 
viability of the dairy industry depends on the productive 
and reproductive performance of cattle, identifying 
effective selection criteria is essential. According to Bakir 
and Cilek (2009), cattle reproduction is the foundation of 
economic returns. Breeding efficiency directly impacts 
profitability. Negussie et al. (1998) emphasized that 
developing suitable breeding strategies requires an accurate 
assessment of the reproductive efficiency of native cattle 
under different production conditions. Since breeding 
efficiency is a lifetime trait, selecting cattle based on this 
factor alone is often delayed due to the age of the animal at 
the time of evaluation. Predicting breeding efficiency 
early, using reproductive traits, helps in identifying high-
performing animals sooner. This approach also aids in the 
timely culling of less productive animals, reducing 
maintenance costs. According to Shetkar et al. (2021), 
lifetime productivity is a key factor in maximizing financial 
returns from an individual animal. Based on this 
understanding, research was conducted on Hariana cattle 
to develop a predictive model for breeding efficiency using 
multiple regression analysis.

MATERIALS AND METHODS

 In the present study breeding data were obtained 
from history sheet registers and herd inventory records of 

ABSTRACT

 The present investigation was undertaken to predict the breeding efficiency by Wilcox method (BEW) using early life reproduction traits. 
Under this study, multiple linear regression (MLR) approach was used. Breeding data were obtained from history sheet registers and herd inventory 
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significant effect on breeding efficiency in the present study. The heritability estimates for BEW was 0.533. Breeding efficiency was predicted by 
multiple linear regression (MLR) analysis. In MLR study, it was observed that model 3 having only one independent variable (First Service Period) 

2fulfilled most criteria such as higher R  and lower MSE, RMSE, MAE, MAPE and U values. The MLR explained 55.4% of accuracy of prediction of 
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was noticed in the parenchymal region in all 
postnatal age groups (Table 2). In contrast to 
present results, Ramayya (2007) reported that 
there was no acid phosphatase activity in 
capsule, stroma and blood vessels during 
postnatal period.
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