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 Sambar deer (Rusa unicolor) is a wild ruminant, 
belong to the family Cervidae. It has short thick dark hair in 
lighter brown to white creamy color. It is the largest deer 
distributed in southeast Asia. They are nocturnal and 
browse leaves, berries, grasses, bark from young trees, 
fallen fruits, herbs, buds during dusk and at night time 
(Stafford, 1995). It consumes several toxic plants without 
adverse consequences due to special microflora in 
intestine, big size of rumen. It lives in solitary or in small 
groups. Stags mark their territory with the secretion of pre-
antler glands on the branches of trees and bushes.

 The stomach of Sambar deer is composed of four 
distinct compartments namely rumen,  reticulum, omasum 
and the abomasum (Stafford, 1995). Rumen occupies most 
of the left side of the abdominal cavity (Getty, 2012). 
Stafford (1995) reported that the interior of rumen of 
sambar deer was divided into various compartments by 
ruminal pillars and possessed short poorly developed papilla 
at the roof of the interior of rumen and also no papillae 
were found at the pillars and reticulum was divided into 
reticular cells without any secondary or tertiary crest 
within the reticular cells. The papilla was present on both 
inside the cells and over the primary crests. He further 
reported that omasum in sambar deer was large, roughly 
kidney shaped with 46-71 omasal lamina, containing short 
poorly developed blunt papillae of less than 1 mm in length 
and with a round base of diameter 1 mm.

 Histologically the rumen, reticulum and omasum of 
ruminants was made up of tunica mucosa, submucosa, 
muscularis asnd serosa and having keratinised-type of 
stratified squamous epithelium (Eurell and Frappier, 
2006). The macro anatomy of forestomach of Sambar deer 
has been  carried out in details but there is lack of literature 
on the microanatomy. So, this study was carried out to 
explore the microanatomy of forestomach of Sambar deer.

MATERIALS AND METHODS

 The forestomach was collected from two male and 
one female adult sambar deer during post-mortem 
examination (male sambar deer of PM No. 369, Forest 
Veterinarian Unit, Tirunelveli dated 12/02/2022, female 
sambar deer of PM No. 371, Forest Veterinarian Unit, 
Tirunelveli dated 19/03/2022, male sambar deer of PM No. 
375, Forest Veterinarian Unit, Tirunelveli dated 02/04/2022). 
The sambar deer were clinically healthy with an average 
age of 10 years. The average weight was 198 kg. Abdominal 
cavity was opened to expose the viscera and identified the 
organs of digestive system and small pieces of forestomach 
of sambar deer namely rumen, reticulum and omasum was 
cut, washed in the normal saline and fixed in 10% neutral 
buffered formalin for histological studies. Then the tissues 
were dehydrated in the ascending grades of the alcohol, 
cleared in xylene and embedded in paraffin (58-60º C). 
Tissue sections of 4-5µm thickness were used for the 
Haematoxylin and Eosin Staining method to know the 
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general histological architecture of the tissue and Masson 
Trichrome Staining method for collegen fibers (Luna, 1968).

RESULTS AND DISCUSSION

  The interior of rumen in the present study was 
divided into sacs by ruminal pillars. The interior of rumen 
was found covered with papillae and the papilla was not 
present in the ruminal pillar (Fig. 1). Reticulum was the 
cranial most part of the stomach. The reticulum was 
divided into reticular cells, each of which had 5-7 walls 
(Fig. 2). And there were between 40 and 100 papillae in 
each reticular cell and some papilla was also present in the 
wall of reticular cells. Omasum was roughly kidney 
shaped organ containing 40-80 laminae with numerous 
papilla on each lamina (Fig. 3). Similar observation was 
also found in sambar deer (Stafford, 1995). Micro 
anatomically, the wall of rumen showed four layers namely 
tunica mucosa, tunica submucosa, tunica muscularis and 
tunica serosa (Fig. 4). The findings are in support of the 
results of Amit et al. (2011) in sheep and Al-Araji and 
Dhyaa (2018) in Gazelle. The tunica mucosa in the present 
study showed ruminal papilla of various dimensions and 
shapes. Most of the papilla was short and some were tall in 
shape. Tall ruminal papilla was found tongue shaped and 
small papilla was found filliform, conical and fungiform 
shaped (Fig. 5). Similar findings were also reported by 
Amit et al. (2011) in sheep, Al-Araji and Dhyaa (2018) in 
Gazelle and Sulthana et al. (2021) in sheep. All the ruminal 
papilla was lined with keratinised type of stratified squamous 
epithelium which was in concurrence with the findings of 
Amit et al. (2011) in sheep and Al-Araji and Dhyaa (2018) 
in Gazelle. The stratified squamous epithelium in the 
present study consisted of single layer of stratum basale of 
columnar cells and basally located oval nucleus. This was 
continued towards the luminal surface by stratum 
germinatum by rhomboid cells with oval nucleus showing 
many mitotic figures. This layer was observed as 2-3 layers 
which were in contrary to the findings of Eurell and 
Frappier (2006) in domestic ruminants where he quoted 
that the thickness of stratum spinosum layer varied from 1-
10 cells. This layer was topped with 5-7 layers of stratum 
granulosum with cuboidal cells with centrally located 
large round nucleus. This finding was in opposition to the 
recording of Eurell and Frappier (2006) in domestic ruminants 
where he mentioned that the stratum granulosum was of 1-
3 cell layers thick. This layer was covered by the layer of 
stratum lucidum with 10-12 layers with few elongated 
nucleated cells and many elongated non-nucleated cells. 
The cells of these layers were observed highly eosinophilic 
when compared to the cells of stratum granulosum, 
germinatum and basale (Fig. 6).  This layer was upcovered 
by a layer of stratum corneum with highly keratinized flat, 

non-nucleated eosinophilic cells which was found 
separated from the remaining layers of stratified squamous 
epithelium at most places. Each papilla was found covered 
with stratified squamous epithelium and was rested on the 
lamina propria (Fig. 6).

 The lamina propria was composed of loose connective 
tissue with connective tissue cells and small and large 
blood vessels which was responsible for the absorption of 
volatile fatty acids. Muscularis mucosa was not found in 
the present study which was as per the findings of Eurell 
and Frappier (2006) in domestic ruminants, Amit et al. 
(2011) in sheep and Al-Araji and Dhyaa (2018) in Gazelle. 
The tunica submucosa was found in continuation with 
lamina propria since muscularis mucosa was not observed 
(Fig. 7) which was supported by the findings of Eurell and 
Frappier (2006) in domestic ruminants, Amit et al. (2011) 
in sheep, Al-Araji and Dhyaa (2018) in Gazelle. Tunica 
submucosa was observed as loose connective tissue with 
collagen fibres, fibroblast, blood vessels, lymphatics and 
nerve fibres as reported by Eurell and Frappier (2006) in 
domestic ruminants. Tunica muscularis was composed of 
smooth muscles fibres with two layers of smooth muscles 
in oblique direction and were almost perpendicular to each 
other (Fig. 7). Similar findings were recorded by Sulthana 
et al. (2021) in sheep in which they observed tunica 
muscularis consisted of inner circular and outer longitudinal 
layer. But this findings was in contrary with the reports of 
Al-Araji and Dhyaa (2018) in Gazelle where they mentioned 
that the tunica muscularis of rumen showed three layers 
namely inner circular, middle oblique and outer longitudinal 
layers of smooth muscle fibers. In present observation, the 
inner layer was thick in comparision to the outer layer. 
Myenteric plexus was located between the inner and outer 
layer of smooth muscles which was in line with the 
findings of Amit et al. (2011) in sheep and Sulthana et al. 
(2021) in sheep. Tunica serosa consisted of loose connective 
tissue with large blood vessels which was similar to the 
results of Amit et al. (2011) in sheep and Sulthana et al. 
(2021) in sheep.

 Histologically in the reticulum the tunica mucosa 
showed papilla of various dimensions and shapes. The 
shape of the papilla varies from conical to fungiform shape 
in different heights and thickness (Fig. 8). Similar finding 
was recorded by Sulthana et al. (2021) in sheep. The 
reticulum in the present study was observed to be lined 
with stratified squamous epithelium of keratinized typeas 
reported by Al-Araji and Dhyaa (2018) in Gazelle and 
Kumar and Kumar (2012) in sheep. The epithelium was 
found thicker at the tip of the papilla and thinner at the base 
of the papilla. The epithelium in the present study 
consisted of single layer of stratum basale with cylindrical 
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync
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Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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 Haemorrhagic pneumonia was observed in 7 (8.97%) 
cases of the total affected lungs. About a similar incidence 
of 3.33% was recorded by Ferdausi et al. (2008). Grossly, 
the affected lungs showed patchy hemorrhagic lesions of 
various sizes and congestion. Microscopic results are in 
close approximation with the findings of Dutta et al. 
(2007b), who found that the pulmonary blood vessels were 
heavily congested, alveolar, bronchiole and bronchiolar 
lumina were filled with erythrocytes along with few 
neutrophils and some amount of serous fluid (Fig. 4). 
Bronchointerstitial pneumonia was noticed in 5 (6.41%) 
cases of the total affected lungs. Higher incidence (8.33%) 
was reported by Lavanya et al. (2011). Grossly, the lungs 
were heavy, edematous, reddened, consolidated throughout 
in a lobular pattern and failed to collapse when thethorax 
was opened. Microscopically, the presence of both bronchiolar 
and diffuse alveolar damage with desquamation of 
epithelium in the bronchi and influx of neutrophils into the 
alveolar lumen along with type II pneumocytes lining the 
alveoli were noticed (Fig. 5). Catarrhal pneumonia 
wasobserved in 4 (5.12%) cases of the total affected lungs. 
A higher incidence (44.64%) was reported by Sarradell et 
al. (2003). Grossly, the involved lungs are solid, appearing 
bluish red or greyish-yellow. Pressure on the cut surface 
revealed turbid fluid. Microscopically, it produced sero-
cellular exudate along with infiltration of mononuclear 
cells in alveolar tissue. Previous reports indicated that both 
gross and microscopically lesions were described under 
this catarrhal pneumonia by Cappuccio et al. (2018).

 Suppurative pneumoniawas found in 3 (3.54%) 
cases of the total affected lungs. About similar incidences 
of 3.41% were recorded by Dutta et al. (2007a) who found 
that the affected portions of lungs were consolidated 
having a diffuse area of irregularly raised grayish white 
mustard seeds to pea-sized abscesses. In the previous 
studies, the lobular pattern of distribution of consolidation 
was observed in suppurative pneumonia by Jubb et al. 
(2007) and reddish grey consolidation with purulent 
exudate and abscesses were described by Sadana et al. 
(1975) in suppurative pneumonia of pigs.

CONCLUSION

 The present investigation had been concluded that 
the bronchopneumonia in pigs was reported in highest per 
cent followed by interstitial, hemorrhagic, bronco-
interstitial, catarrhal and suppurative pneumonia. Almost 
all the gross and microscopic observations were in close 
conformity with the findings of earlier workers reported 
elsewhere.
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ABSTRACT

 In the present investigation, a total of 384 specimens of the lungs of pigs were investigated for pneumonic pathological conditions. During this 
period, sample of lungs of pigs suspected of pneumonia were examined irrespective of age, sex and breed in Bikaner and Jaipur, Rajasthan. Out of 
these 385 specimens, 78 pneumonic condition were observed grossly. These were further processed for histopathological examination to find various 
pneumonic pathological conditions. Bronchopneumonia was reported in highest per centage followed by interstitial, haemorrhagic, 
bronchointerstitial, catarrhal and suppurativepneumonia.

Keywords: Bronchopneumonia, Histopathologicalconditions, Pathological conditions, Pig
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 The pigs with high prolificacy, efficient mothering 
ability, rapid growth, most economical feed conversion 
efficiency, shorter gestation period and high dressing 
percentage (65-80) are rated as one of the best meat 
producing animals in world. In India, the current goal for 
the pig industry is to produce high-quality lean meat at a 
low cost, which will play an essential role in improving the 
socio-economic status of pig rearing farmers (Das and 
Bujarbaruah, 2005). Respiratory diseases are major health 
problems in growing swine worldwide including India. 
Moreover, the establishment of secondary infections in 
these animals and the increase in the treatment costs and 
death of animals are additional economic losses (Ostanello 
et al., 2007). A wide range of pneumonic pathological 
conditions are common in the pig lungs such as bronchoint-
erstitial pneumonia, bronchopneumonia, haemorrhagic 
pneumonia, interstitial pneumonia, suppurative pneumonia 
and catarrhal pneumonia (Gidey et al., 2014). In Rajasthan, 
very few efforts have been made to study the occurrence of 
various pathological conditions in the lungs of pigs. Therefore, 
it becomes pertinent to study the lung’s affections in pigs.

MATERIAL AND METHODS

 The materials for the present study consisted of 
tissue samples of lungs collected from various 
slaughterhouses and from private piggery farms located in 
and around the Bikaner and Jaipur districts of Rajasthan. A 
total of 385 pigs of either sex or different age groups were 
examined in detail and lung samples were collected for the 
study. During slaughter, the samples were thoroughly 
examined grossly for alterations in morphology, shape, 
size, colour, consistency, location and presence of a cyst, 
tumor and, abscess, etc., lesions in the individual part of 

the lungs.Tissue pieces from portions of the lungs were 
collected in 10% buffered formalin for histopathological 
examination. The samples were processed by routine 
paraffin embedding using the acetone and benzene 
technique (Lillie, 1965), and sections of 4-5 micron 
thickness were cut and stained by Harris Hematoxylin and 
Eosin method (Luna, 1968). These were further proceeded 
for histopathological examination.

RESULTS AND DISCUSSION

 The present study was carried out from November 
2017 to November 2018. During this period, a total 
number of 385 specimens of lungs of pigswere collected 
from various slaughterhouses and private piggery farms. 
Out of these specimens, 78 lungs were suspected of 
pneumonia grossly. These were further processed for 
histopathological examination to find various pathological 
conditions. An overall incidence of various pneumonic 
pathological conditions inlungs of pigs was reported as 
20.25 % cases. The details of lung conditions in pig are 
depicted in Table 1.

 In the present study, 78 (20.25%) cases of pneumonia 
were observed out of 385 pig lungs examined. A various 
surveys carried out on lung lesions in pigs by earlier 
authors showed variation in the incidence of pneumonia 
and was reported as 61.71% (Lavanya et al., 2011) and 
3.87% (Sreevidya, 2017). These findings indicated wide 
variation in the incidence of pneumonia in pigs in India and 
other countries. The higher incidence of pneumonia 
recorded in the present study compared to the incidences 
reported previously in India might be due to variation in 
the age, location, season, managemental practices and 
causes of pneumonia.
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 Bronchopneumonia was recorded in 39 cases (50%) 
of the total pneumonic lungs. However, a higher incidence 
of 71.7% was recorded by Rajao et al. (2013). Grossly, the 
affected lungs revealed the patchy to diffuse area of 
consolidation in apical, cardiac and anterior parts of the 
diaphragmatic lobes (Fig. 1), which agrees with the finding 
of Rao et al. (2001). Microscopically, bronchitis was seen 

as the primary lesion. The lumen of the bronchi and 
bronchioles were obliterated partially and completely with 
exudates comprising polymorphonuclears, mononuclear’s 
and denuded bronchiolar cells and mucous along with 
emphysema and hemorrhages (Fig. 2). Interstitial pneumonia 
was observed in 20 (20%) cases. A higher incidence of 
33.3% was recorded by Dutta et al. (2007) and Comparatively 
lower incidence of 7% was recorded by Lavanya et al. 
(2011). Grossly pale, heavy and firm lungs having elastic 
or rubbery texture with consolidation distributed in all the 
lobes were noticed. Microscopically, findingsof alveoli 
were distorted in shape and the alveolar septa were 
thickened and infiltrated by mononuclear cells (Fig. 3).
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Fig. 1. Gross photograph of lung showing bronchopneumonia

Fig. 4. Microphotograph of lungs showing haemorrhagic pneumonia 
(H& E, 100X).

Fig. 2. Microphotograph showing bronchopneumonia stain.....

Fig. 5. Microphotograph of lungs showing broncho-interstitial 
pneumonia (H& E, 100X).

Fig. 3. Microphotograph of lungs showing interstitial pneumonia (H& 
E, 100X).

Table 1. Various conditions in the lungs of a pig

Sr. No. Type of disease/condition No. of Percentage
  cases

a. Bronchopneumonia 39 50%

b. Interstitial pneumonia 20 25.64%

c. Haemorrhagic pneumonia 7 8.97%

d. Bronchointerstitial pneumonia 5 6.41%

e. Catarrhal pneumonia 4 5.12%

f. Suppurative / Purulent pneumonia 3 3.84%
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 Cattle are extremely important in India’s animal 
husbandry sector, providing livelihood to millions of rural 
people. Indigenous cattle, which make up roughly 79% of 
the overall cow population according to the 19th Livestock 
Census, have 43 recognised breeds dispersed across the 
country. Hariana is one of the most prominent dual-
purpose cow breeds in India, having been bred and raised 
in the northwest region. With an average milk yield of 997 
kg and the maximum recorded milk yield of 1,745 kg, 
Hariana is the most important cattle breed in Haryana 
known for their amazing endurance in hot tropical 
climates, tolerance to tropical diseases, and inexpensive 
maintenance costs. Hariana breed has recently gained 
popularity because of presence of the A2 allele in milk, 
which is thought to be beneficial to human health (Mishra 
et al., 2009). The present study was conducted in order to 
observe the basic histoarchitecture of teat in Hariana cattle 
in order to establish a baseline to detect intramammary 
infections in them.

MATERIALS AND METHODS

 Tissue samples were collected from base, mid and 
tip of teat from the indigenous Hariana cattle immediately 
after death. After fixation and routine processing, the 
paraffin sections of 5-6 µm thickness were stained with 
haematoxylin and eosin to observe histomorphological 
details (Luna, 1968). Special stains were used to observe 
collagen fibres (Masson’s trichrome), elastic fibres 
(Verhoeff’s method) and reticular fibres (Gridley’s method). 
Different histochemical moieties were demonstrated by 

using Periodic Acid Schiff (PAS) and Alcian blue (AB) for 
neutral mucopolysaccharides and acid mucopolysacc-
harides, respectively (Sheehan and Hrapchak, 1973), and 
Bromophenol blue for basic proteins (Chayen et al., 1969). 
The photomicrographs were taken with digital microscope, 
and Image J software was used to measure the thickness of 
teat canal epithelium and teat skin epidermis.

RESULTS AND DISCUSSION

 The outer wall of teat was made up skin and the 
internal duct system was formed from proximal to distal 
aspect by annular folds, teat cistern, Furstenberg’s rosette 
and teat canal.

Teat skin: The epidermis was consisted of different layers 
viz; stratum corneum, granulosum, spinosum and basale. 
The epidermis projected into the dermis forming the 
epidermal pegs which were blunt and flattened at base of 
teat but elongated and pointed at mid region and tip of teat 
(Fig. 1A). The dermal papillae projected into the epidermal 
pegs and which contained connective tissue, blood vessels 
and nerves in order to provide nutrition and innervation to 
the epidermis as also reported by Debbarma et al. (2017) in 
the buffalo skin. The epidermal pegs were divided by rete 
pegs into primary and secondary papillae and were present 
more at the tip region to provide strength and firmness to 
teat tip as noticed by Sumena et al. (2010) in pigs. Similar 
findings were observed in the skin of cattle, goat and 
spotted deer by Nagaraju et al. (2012).

 The stratum corneum, outermost layer (Fig. 1A), 
was thickestat tip followed by mid and base of the teat skin 
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and was strongly eosinophilic with flattened, non-
nucleated, keratinized cells as described by Bhattacharya 
et al. (2003) in non-descript buffalo. The stratum 
granulosum layer was thicker at tip of teat region and 
contained 1-2 layers of squamous cells which had flat 
nucleus (Fig. 1A). Keratohyaline granules were present in 
these cells which produce keratin at the tip and teat canal. 
These findings are in accordance with Nararaju et al. 
(2012) and Sumena et al. (2010) who reported similar 
observations in buffalo skin. The stratum spinosum had 2-
3 layers at base, 4 layers at mid and 6 layers at tip region of 
teat consisting of polyhedral cells with spherical nucleus 
which had melanin granules that prevented the ultraviolet 
rays from penetrating the skin (Fig. 1A). The stratum 
basale contained large number of brown staining 
pigmented cells as melanocytes which were more at the tip 
region (Fig. 1A). Similar findings were reported by 
Debbarma et al. (2017) according to them these cells 
helped to tolerate high heat, photosensitization and 
sunburns. Non pigmented cells in the stratum basale were 
Langerhans cells with clear cytoplasm and reniform 
nucleus which were more at tip region and were 
responsible for the uptake of exogenous antigens that 
caused teat infections. These cells played role in defence 
mechanism of teat by acting as antigen detectors.

 The micrometrical data revealed that the thickness at 
tip of teat skin was 453 ± 9.38 µm while at the mid and base 
was 397.59 µm ± 7.53 and 283.67 ± 5.98 µm, respectively. 
The tip region was found to be the thickest followed by mid 
and base regions of the teat. The thickness of teat canal 
epithelium was 342.53 ± 8.97 µm, while diameter of lumen 
of teat canal was 976.01± 15.19 µm. Similarly, Kumar 
(1990) observed the thickness of teat canal in cattle as 
327.25 ± 5.91 µm and in buffalo 357.19 ± 4.80 µm.

 The dermis was consisted of smooth muscle fibres, 
blood vessels, nerves and dense irregular connective tissue 
in the teat skin, however hair follicles, sebaceous and 
sweat glands were found in base part of teat (Fig. 1A). The 
epidermis layer showed weak to moderate PAS reaction 
while PAS-AB and Basic proteins showed weak reaction. 
The dermis showed moderate PAS but a weak PAS-AB and 
basic protein reactions.

Internal Duct system: It was comprised of annular fold, 
teat cistern, Furstenberg’s rosette and teat canal.

Annular fold: It was very thick and located at the junction 
of teat and gland cistern making a clear-cut demarcation 
between them. The cranial portion of the annular fold was 
gland cistern lined by single layer of cuboidal epithelium 
which became double layer at places where as, teat cistern 
was present caudal to the annular fold and was lined by 

double layered cuboidal to columnar epithelium. The 
lining epithelium of annular fold was stratified cuboidal 
type in present study (Fig. 1B).

Teat cistern: The teat cistern was lined by stratified 
cuboidal to columnar epithelium. The cistern showed 
keratinized epithelium along with numerous longitudinal 
and circular mucosal folding at the base of teat. Double 
layer stratified squamous epithelium lined the teat cistern 
in mid part of teat and had more mucosal folding. Similar 
findings were observed by Paul et al. (2013) in teat cistern 
of desi and crossbred cattle. The greater number of 
mucosal folds in the teat cistern may be responsible to hold 
less amount of milk in the teat cistern (Paul et al., 2013). 
The sub epithelial stroma of teat cistern consisted of loose 
connective tissue with muscle fibres and blood vessels 
along with coiled tubular glands called accessory 
lactiferous glands (Fig. 1B, C, D) which were located in 
the mid, base and Furstenberg’s rosette region of teat 
cistern. The lining epithelium of teat cistern and lactiferous 
glands showed moderate PAS and weak to moderate PAS-
AB reaction however, the activity of basic protein reaction 
was strong in teat stroma and weak to moderate in 
lactiferous glands and teat sinus epithelium (Fig. 1E, F).

Furstenberg’s rosette: The Furstenberg’s rosette (FR) 
was present between the junction of teat cistern and teat 
canal and had 10-14 mucosal folds (Fig 1C). Similar 
findings were reported by Patel et al. (2007) and Nickerson 
and Pankey (1983) in FR  of bovines. The subepithelial 
connective tissue contained abundant of collagen fibres 
with few reticular and elastic fibres , smooth muscle fibres 
and nerve fibres along with, polymorphonuclear cells 
(PMN), monocytes, mast cells and plasma cells. The FR 
region also contained aggregations of lympho-reticular 
tissue which played an important role in the antibody 
production by forming a barrier between bacteria and 
epithelium (Nickerson and Pankey, 1983).

Teat canal: The teat canal was lined by stratified 
squamous keratinized epithelium which continued 
proximally as double layered stratified non keratinized 
type in the FR and teat epidermis distally. The teat canal 
epithelium consisted of single layer stratum basale, 2-4 
layers of stratum spinosum and 7-8 layers of stratus 
granulosum. Outermost layer was stratum corneum which 
was keratinized and more prominent in the non lactating 
animals as it was responsible for the keratin formation 
(Fig. 2A). Rete ridges (not shown in the figures) were 
finger like projections arising from teat canal epithelium, 
which were longer and pointed in non lactating animals but 
blunt and wider in lactating animals. Vesicular 
components known as Marksaulchen cells (not shown in 
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Fig. 2. (A) Teat canal of HR showing teat canal lumen (L), epithelium (Epi), teat sphincter(TS).  Hematoxylin and Eosin X 100; (B) Teat canal (L), 
Collagen fibers (Cf) in HR.Masson’s trichrome X 40; (C) Reticular fibers in teat canal epithelium and sphincter of HR.  Gridley’s X 200; (D) Elastic 
fibers (Ef) in teat canal epithelium and sphincter of HR. Verhoeff”s X 100; (E) Elastic fibers in blood vessels of teat stroma of HR. Verhoeff”s X 200; (F) Basic 
protein in teat stroma of HR. Bromophenol blue X 100

Fig. 1. (A) Epidermis (E), Dermis (D), sweat glands (Swg), Epidermal pegs (Ep), Dermal pegs (Dp), Melanocytes (M), Stratum basale (Sb), Stratum 
spinosum (Ss), Stratum granulosum (Sg), Stratum corneum (Sc) of mid teat skin of Hairana (HR) . Hematoxylin and Eosin X 100: (B) Cross-sectional 
view of base of teat showing thick annular fold (AF) and lactiferous glands (Lg) in HR.  Hematoxylin and Eosin X 100; (C) Furstenberg’s rosette (FR) 
and lactiferous glands (Lg) in HR. Hematoxylin and Eosin X 100; (D) Lactiferous glands (Lg) of HR. Hematoxylin and Eosin X 200; (E) Neutral 
mucopolysaccharides in Lactiferous glands in HR. Periodic acid Schiff X 100; (F) Basic protein in lactiferous glands of HR. Bromophenol blue X 100

figures) were present in teat canal epithelium whose size 
and number decreased towards the lumen of teat canal and 
were more in the lactating cows than non lactating ones. 
The teat canal epithelium showed weak to moderate PAS 

and Basic protein activity while the PAS AB reaction was 
negligible to weak. The basement membrane showed 
strong reaction for PAS AB. The thickness of the teat canal 
epithelium was 342.53 ± 8.97 µm in Hariana cows. Also 
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dany et al. (2019) had reported that the cross bred cows had 
thicker teat canal epithelium than the Jenubi cows and this 
could be responsible for the improved milk production and 
quality in crossbred cows. The luminal diameter of teat 
canal was 976.01± 15.19 µm.

 The sub epithelial portion was fibromuscular type 
contained smooth muscle fibres, abundant collagen fibres 
with few reticular and elastic fibres (Fig. 2B, C, D). Large 
number of blood vessel and nerves helped in tight closure 
of teat canal thereby lowering risk of intra mammary 
infections. The nerve bundles in increased number at the 
mid and tip regions was responsible for hormonal-nerve 
stimulation during suckling and milking of the animal 
(Ferdowsi et al., 2017). The teat sphincter had circular and 
longitudinally oriented smooth muscle fibres along with 
more elastic fibres compared to collagen and reticular 
fibres (Fig. 2D, 2E), indicated its musculo-elastic nature. 
Van der Merwe, (1985) explained that the elastic fibres 
caused passive closure of teat canal while smooth muscle 
fibres were responsible for contractile action. The teat 
stroma showed moderate PAS, PAS-AB and Bronophenol 
bene reaction but the reactions were stronger in teat sphincter 
(Fig. 2F).

 It was concluded that maximum thickness of 
epidermis at tip of teat plays an important role in defence 
mechanism of teat. The highly keratinized stratum 
corneum of teat canal in the non-lactating animals may be 
responsible for the formation of keratin plug.
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 Gestational age estimation in sheep provides their 
owners valuable information that aids in the late gestation 
management as lamb survival is an important factor 
affecting the sheep profitability (Ekiz et al., 2005). 
Ultrasonographic fetometry allows not only estimation of 
fetal age but also determination of sex and measurement of 
number of foetuses carried, assessment of vitality of fetus 
and diagnosis of pregnancy disorders which would be 
useful for specific clinical management or research 
applications. Numerous researchers used transrectal or 
transabdominal B mode ultrasonography to predict 
gestational age by means of fetal measurements in small 
ruminants (Frank et al., 1982; Ali and Hayder, 2007). 
Various embryonic/fetal parameters have been studied so 
far for estimating gestational age. However, the most 
practical measurements of fetal structures are embryonic 
vesicle, crown rump length, fetal head diameters, 
placentome size (Karen et al., 2001). One of the important 
limitation of estimation of gestational age using fetal 
parameters is their accessibility throughout the gestation 
(Airina et al., 2011).  The crown rump length (CRL) and 
embryonic vesicle diameter (EVD) were accessible only 
during the first trimester of gestation,  however regarded 
as an important conformational parameters and can be 
done in relatively early stage of gestation than the other 

parameters (Petrujkic et al., 2016). Hence the present 
study was undertaken to establish correlation and 
construct prediction equations for embryonic parameters 
in Nellore brown ewes.

MATERIALS AND METHODS

 Nellore Brown ewes (n=20) aged 1-4 years reared 
under semi-intensive conditions and fed with greens, 
concentrates and adlib fresh water and salt licks were 
selected for the study.

Estrus Synchronization protocol: The ewes were 
subjected to short term estrus synchronization protocol of 
seven days using indigenous vaginal progesterone sponges 
(Avikesil-S® ICAR-CSWRI, Avikanagar, Rajasthan) 
containing 350 mg of natural progesterone and 300 IU of 
PMSG (Folligon®, Intervet International, Boxmeer, 

Netherlands) and 75 µg of PGF  (Cloprostenol; Pragma®, 2
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Intas Pharmaceutica Limited, Matoda, Ahmedabad) intra 
muscularly at sponge withdrawal.

Breeding of the synchronized ewes: Upon sponge 
withdrawal the synchronized ewes were kept with a ram, 
color painted (mixture of glycerin and dye) and mating 
marks were recorded both morning and evening for three 
days. Each day ram was replaced with a new one with 
changed color paint at brisket region. The next day of 
receiving last mating mark was treated as day 1 or start of 
pregnancy.

Procedure followed for ultrasonography: Transabdominal 
ultrasonography was conducted using a real time B mode 
scanning (ALOKA SSD 500, Aloka co Ltd, Japan) 
equipped with 5 MHz convex transducer on mated ewes. 
Serial ultrasonographic examinations were carried out on 
weekly basis starting from day 8 of mating. Once the 
pregnancy was confirmed, the scanning was continued 
weekly and embryonic vesicle diameter and crown rump 
lengths were identified and images were frozen, saved and 
measured with built in electronic calipers.

Embryonic vesicle diameter (EVD): The largest 
diameter of the gestational sac was chosen as the measure 
of EVD between gestational days 22 to 64 (Fig. 1).

Crown rump length(CRL): The CRL was measured as a 
straight line between fetal crown and origin of the tail 
when the fetus was fully extended between gestational 
days 29 to 64 (Fig. 2).

Field test: The ewes were randomly subjected to 
ultrasound scanning in farmers’ flocks in villages and EVD 
and CRL were measured in ten and nine pregnant ewes, 
respectively. The gestational age was estimated using the 
regression equations generated in experimental animals. 
The lambing dates were obtained from farmers and 
gestational age was calculated retrospectively taking the 
average gestation length as 148 days.

Data analysis: The relationship of gestational age with 
EVD and CRL was plotted as linear regression and the 
gestational age (GA; days) was the independent variable 

(y)  and EVD and CRL (cm) being the dependent variable 
(x), a 5% level of significance was used using statistical 
packages for social sciences (SPSS) version 20. In the field 
test, Mean square errors method used to compare fetal 
parameters.

RESULTS AND DISCUSSION

 The EVD was detectable from day 22 till the end of 
parturition, however measurable from day 22 until day 64. 
The EVD was measured between days 12 to 65 in ewes and 
does by various researchers (Airina et al., 2011; Petrujkic 
et al., 2016; Santos et al., 2018, Devi et al., 2019; Haq et 
al., 2020). Haq et al. (2020) reported non-detectability of 
amniotic vesicle diameter 65 days post mating. In contrast, 

thSantos et al. (2018) stated that at 7  week of gestation itself 
gestational vesicle could no longer be measured due to 
increase in fetal size. These variations of duration of 
measurements might be due to method of ultrasonography 
used to measure gestational vesicle and rapid 
accumulations of fetal fluids making uterus too large to be 
accurately measured.

 On day 22 in 40 per cent of animals (8/20) EVD 
could be measured and in others could not identified until 
Day 29. On day 64 in 55 per cent of animals (11/20) EVD 
could be measured and in rest exceeded the ultra sound 
screen. High positive correlation (r=0.9497) (p<0.05) was 
obtained between EVD and GA and regression equation 
was generated (Fig. 3). These findings were in agreement 
with Petrujkic et al. (2016) and Haq et al. (2020), however, 

2Santos et al. (2018) reported lower correlation R  = 0.689 
and r= 0.76, respectively. This could be due to the 
difficulties to visualize the entire transverse or 
longitudinal images, accessibility of the sac, number of 
days in gestation measured, method of ultrasound used and 
breed of ewe studied. Santos et al. (2018) generated 
prediction equation as GW=3.1+0.1×GV where GW is 
gestational week and GV is gestational vesicle in Santa Inn 
sheep. Haq et al. (2020) had given regression equation as 
y=1.7383x-27.79 where y is EVD in mm and x is 
gestational age in days in Beetal goats.

Table 1. Range and Mean (±SE) of EVD and CRL of fetus during pregnancy in Nellore Brown ewes

Gestational age EVD (Mean± SE) Range (Min-Max) CRL (Mean± SE) Range (Min-Max)
a22 1.48±0.14  0.9-2.3 -
a a29 2.22 ±0.16  1.2-3.6 1.26±0.13  0.5-1.9
b a36 3.49 ±0.17  2.4-4.9 2.19 ±0.20  1.0-3.6
c b43 4.67 ±0.15  3.6-5.9 4.03 ±0.18  2.7-5
d c50 5.79 ±0.17  4.3-6.6 5.93 ±0.36  4.5-7.7
d d57 6.77 ±0.19  4.6-8.0 7.70 ±0.25  5.2-8.6
e e64 8.73 ±0.27  7.6-10.6 9.28 ±0.27  8.2-10.3

*Means with different superscripts differ significantly (P<0.05) within columns
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Fig. 1. EVD measured in Nellore Brown ewes

Fig. 3. Scatter plot and linear regression line of EVD and GA in Nellore 
Brown ewes

Fig. 5. Validation of EVD measurements under field conditions

Fig. 4. Scatter plot and linear regression line of Crown Rump Length 
and gestational age in Nellore Brown ewes

Fig. 6. Validation of CRL measurements under field conditions

Fig. 2. Crown rump length measured in Nellore Brown ewes

 The CRL was detectable from day 22 till day 71 
however, was measurable between days 29 to days 64 and 
exceeded the ultrasound screen limits after that.

 In the present study, the chance to access CRL 
during the gestational period between 29 and 64 was 62% 
(74/120) and 38% of CRL observations were inaccessible 
either due to immeasurable embryo (day 29) or fetus 
exceeding of screen of ultrasound (day 64). The 
accessibility of various fetal parts for scanning depends on 
the method of scanning. Transabdominal scanning was 

much inferior to that of the transrectal in the early 
pregnancy.

 A high positive correlation was established 
(r=0.9573) between CRL and GA and regression equation 
was generated (Fig. 4). These results were in accordance 
with Abdelghafar et al. (2011), Kuru et al. (2018) and Haq 
et al. (2020), however, Metodiev et al. (2012) and Santos et 
al. (2018) reported lower correlation and Abubakar et al. 
(2016) reported a slightly higher correlation than this 
study. These discrepancies could be explained by 
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difference in breeds of sheep, intervals between 
consecutive scanning between studies difficulty in 
acquiring high quality images due to fetal size, position 
and movements and inaccurate measurement of the CRL 
(Abubakar et al., 2016). Abubakar et al. (2016) developed 
regression equation in Jamnapari goats between day 37 -72 
gestational age as y=18.776+0.606x where y is gestational 
age and x is CRL. Santos et al. (2018) expressed the 
relationship as GW = 2.65+0.11×CR where GW is 
gestational week and CR is CRL in Santa Inn ewes. 
Abubakar et al. (2016) opined that CRL is the best 
predictor of GA however Santos et al. (2018) considered 
CRL as less accurate to estimate GA.

Validation of prediction equations in the field: A field 
test was conducted on ewes in surrounding villages for GA 
estimation and EVD was measured in 10 pregnant ewes 
and CRL was measured in nine pregnant ewes. The 
regression equation established for EVD and CRL was 
used to predict the GA. For linear relationship 30 (3/10) 
and 100 (10/10) per cent of pregnant ewes delivered within 
±7 and ±14 days of expected parturition dates, respectively 
(Fig. 5) for EVD and 55.5 (5/9) and 100 (9/9) per cent of 
pregnant ewes delivered within ±7 and ±12 days of 
expected lambing dates, respectively (Fig. 6). The high 
correlation established in this study for EVD was justified 
in the field study by recording 100 per cent of parturitions 
within ±14 days of expected parturition dates. Estimation 
of GA was more accurate during early pregnancy since the 
values obtained in latter gestation were also affected by the 
individual characteristics of the fetus. Godfrey et al. 
(2010) validated the accuracy of regression equation 
developed for CRL in ewes by scanning a set of ewes 
(n=51) with known breeding dates. There is much scope to 
extend the study to more number of ewes in field to solidify 
the relationship between the GA and embryonic 
parameters.

CONCLUSION

 It could be concluded that the embryonic parameters 
studies in the present study were well correlated and 
validated with gestational age in early pregnancy. Further 
research is required to define the significance of these 
equations in the field conditions.
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 S. aureus is a common bacterium that has been 
recognized as a challenge in both human and veterinary 
medicine (Bissong and Ateba, 2020). The pathogen is also 
associated with food poisoning in human, staphylococcal 
scaled skin syndrome (SSSS), operative wound infections, 
inflammation of lungs (pneumonia), nosocomial 
bacteremia in human, clinical and subclinical mastitis in 
bovine (Torres et al., 2019). S. aureus produces a wide 
range of virulence factors like toxic shock syndrome toxin-
1 (TSST-1), staphylococcal enterotoxin (SE), Panton-
Valentine Leukocidin (PVL) (Hoque et al., 2018). The 
other important virulence factor of S. aureus is its ability to 
form biofilm in vivo which greatly influence its 
pathogenicity (Andrade et al., 2021). The biofilm 
producing bacteria exhibit high resistance to disinfectants, 
antibiotics and host immune system clearance (Hait et al., 
2021). Biofilms reduce the effectiveness of treatments and 
increase morbidity, mortality and health care cost 
(Akindolire et al., 2015). The biofilm forming ability of 
the isolates can be characterized by phenotypic methods, 
i.e., CRA, TM and TCP methods and genotypic 
characterization can be performed by screening of biofilm 
forming genes (Panda et al., 2016). Maintenance of quality 
milk production by developing countries like India is a 
major problem and is due to lack of efficient hygienic 

techniques for milking, storing of milk and maintaining 
herd conditions (Singh et al., 2022). Thus, colonization of 
dairy herd and subsequent contamination of raw milk by S. 
aureus, especially biofilm producing and MDR remains an 
important issue for both the dairy producer and public 
health. Keeping this in view, the present investigation was 
undertaken to undertake the detection of biofilm forming 
S. aureus from mastitic milk.

MATERIALS AND METHODS

Collection of milk sample

 A total of 56 raw milk samples were collected from 
cows exhibiting the symptoms of mastitis residing in dairy 
farms and gaushalas of Mathura region of Uttar Pradesh. 
Milk samples were taken after cleaning the teat with 70% 
ethyl alcohol and brought to laboratory under refrigeration 
and processed immediately.

Screening of samples for detection of clinical mastitis

 California Mastitis Test (CMT) was used for 
screening of clinical mastitis samples as per method 
described by Schalm et al. (1971) with slight 
modifications. The CMT was conducted to diagnose the 
presence of clinical mastitis as per Shitandi and Kihumbu 
(2004). The result was scored based on the gel formation 
and categorized as negative if there was no gel formation 
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and positive, if there was gel formation ranging from +1 to 
+3. The mastitic milk samples that showed reactivity in 
CMT were considered as positive for clinical mastitis.

Isolation and identification of S. aureus

 Milk samples were processed for isolation of S. 
aureus as per standard bacteriological procedure given by 
Kou et al. (2021) with slight modifications. Baired parker 
and Mannitol Salt Agar were used for isolation of S. aureus 
and biochemically confirmed as per the method described 
by Barrow and Feltham (1993).

Molecular detection of S. aureus isolates

 Biochemically confirmed staphylococci were 
further confirmed for S. aureus by using species specific 
primer targeting nuc gene of S. aureus by using PCR. The 
sequence of forward and reverse primer for nuc gene was 
( 5 ' G C G AT T G AT G G T G G ATA C G G T T 3 ’ a n d 
3 ’ A G C C A A G C C T T G A C G A A C TA A A G C 5 ’ ) , 
respectively. The DNA extraction of bacterial isolates was 
done by Gene JET Genomic DNA purification kit. The nuc 
gene was targated as per method given by Brakstad et al. 
(1992).  The DNA amplification was carried out using the 
thermal cycling profile consisted of an initial denaturation 
at 940 C for 5 min, 37 cycles of 94º C for 60s, 55º C for 30s 
and 72º C for 90s, with a final step at 72º C for 5 min. The 
resulting PCR products were analyzed in agarose gel 
electrophoresis as described by Sambrook and Russel 
(2001) size of resulted amplicon was 267 bp.

Biofilm production

 The S. aureus isolates were subjected to observe the 
biofilm forming capacity in vitro by Congo Red Agar 
(CRA) Assay, Tube Method (TM) and Tissue Culture Plate 
(TCP) methods as described by Mathur et al. (2006). 
Briefly, in TCP method individual wells of flat bottom 
polystyrene plates were filled with 0.2 ml of the diluted 
cultures and plates were incubated for 24 hours at 37° C. 
Further, plates were washed 4 times with 0.2 ml of PBS 
(sessile organisms in plate were fixed with sodium acetate 
(2%) for half an hour and stained with crystal violet (0.1% 
w/v) for half an hour. The OD values less than 0.120 were 
considered as non adherence and weak biofilm former 
while mean OD values 0.120-0.24 showed moderate 
adherence and moderate biofilm former while OD>- 0.240 
showed strong adherence and categorized as strong 
biofilm former.

Antibiotic Sensitivity Test (ABST)

 Antimicrobial susceptibility of the isolates was 
determined by disc diffusion Bauer-Kirby (1959) method 
as recommended by clinical and laboratory standards 
institute (CLSI, 2016) and interpreted as susceptible, 

intermediate and resistant. A total of 18 antibiotics 
comprising of different antimicrobial classes, commonly 
used in the dairy farms were selected in this study (Table 
1). S. aureus ATCC 25923 were used as control strain. The 
100 µl of culture broth of each isolate was inoculated on 
Muller Hinton Agar plate and spread evenly by using 
sterilized cotton swabs, the plates were kept upright for an 
hour so that the culture gets absorbed onto the plates 
evenly. Antibiotic discs were placed on Mueller Hinton 
Agar and the plates were incubated at 37º C for 24 hours 
and the zone of inhibition surrounding the antibiotic discs 
was measured with the scale.

RESULTS AND DISCUSSION

Screening of samples for mastitis

 A total of 56 samples collected from cows with 
symptoms of mastitis were screened for mastitis by CMT. 
All the samples showed gel formation within a few 
seconds, so 100% samples were found positive for 
mastitis. In studies of Hoque et al. (2018), 73.3% were 
positive by CMT that are slightly lesser in relation to our 
findings, while Pati and Mukherjee (2016) reported 
42.75% positivity that was much lower than the present 
findings.

Phenotypic and genotypic identification of S. aureus

 A total of 33 milk samples produced jet black 
coloured colonies on Baird-Parker Agar and yellow 
coloured colonies on nutrient agar and 29 isolates 
produced yellow coloured colonies on Mannitol Salt Agar 
surrounded by yellow zone were identified as S. aureus. 
All the isolates were biochemically confirmed by IMViC 
and also found positive for catalase and coagulase test. 
Occurrence of Staphylococcus spp. and S. aureus from 
various dairy farms and gaushalas are depicted in Table 2. 
In raw milk taken from mastitic cows, occurrence of S. 
aurues was 51.78% and this prevalence value was similar 
to 47.20% reported in China (Wang et al., 2018). From the 
clinical and subclinical mastitic milk, isolation rate of S. 
aureus was 61.36% and 75.40% from India and 
Newzealand, respectively, which were quite higher to 
current study (Bhattachcharya et al., 2016; Notcovich et 
al., 2018). Overall, our data indicates that S. aureus is 
common and frequently detected in raw milk of dairy cows 
with mastitis in Brij region of Mathura. S. aureus 
contaminates many sources of raw milk which are usually 
related to mastitis or human carrier. Difference in 
prevalence is largely due to differences in the type of 
livestock breeding system, animal species, milking 
method and the surrounding environment conditions.

 In the current study, all the phenotypically 
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characterized S. aurues were nuc gene bearer, thus this 
house keeping gene was 100.00% prevalent. In the various 
studies, researchers revealed 100.0%, 85.55% and 85.24% 
nuc genes in S. aurues isolated from mastitic milk in India 
and abroad Bhattacharya et al. (2016); Wang et al. (2018), 
Pati and Mukherjee (2016), respectively.

Biofilm production

 The twenty nine isolated S. aureus were analysed for 
biofilm formation by three described methods CRA, TM 
and TCP. On the basis of these assays, the isolates were 
categorized as strong, moderate and weak biofilm formers 
and results are depicted in Table 3. In CRA method, 
27.59% S. aureus produced black colour colonies on CRA 
and found positive, while rest of the isolates produced red 
colour colonies and were negative for CRA. In tube 
method, biofilm forming isolates were produced slime 
either on bottom or wall or at both the sites of test tube and 
86.20% were found positive by tube method. In TCP assay, 
65.51% were strong biofilm former with more than 0.240 

OD values, 31.03% were moderate biofilm producer, 
while 13.79% isolates showed OD values less than 0.120 
and categorized as weak biofilm producer with overall 
prevalence of 96.55% biofilm former by TCP.  The OD 
was measured at wavelength of 570 nm by using ELISA 
microplate reader.

 In current study, mastitic milk revealed with high 

prevalence of biofilm forming S. aureus 96.55%, 86.20%, 

27.59% by TCP, TM and CRA assay. Comparison of 

biofilm assay is mentioned in table 3. In accordance with 

this study 93.4% and 27.17% biofilm forming S. aurues 

were revealed from TCP and CRA assay in mastitis milk 

from New Zealand as reported by Notcovich et al. (2018) 

and from Brazil 98.9% and 85.0%  by the two assays in 

mastitis milk  (Melo et al., 2013). Results of TCP assay are 

quite similar to our study while there is wide variation in 

findings of CRA. The discrepancies in the categorization 

Table 3. Comparison of Biofilm Assays (TCP, TM & CRA)

S. aureus Biofilm Tissue Tube Congo Red
isolates formation Culture Method Agar Assay
  Plate Assay (TM) (%) (CRA) (%)
  (TCP) (%)

n=29 Strong 65.51 48.28 27.59
  (19/29) (14/29) (08/29)

 Moderate 31.03 37.93 -
  (09/29) (11/29)

 Weak/none 3.45 13.79 72.41
  (01/29) (04/29) (21/29)

 Total Biofilm 96.55 86.20 27.59
 former (Strong (28/29) (25/29) (08/29)
 + Moderate)

Table 2. Occurrence of S. aureus in mastitic milk and presence of nuc gene

S.N. Place of Collection No of Samples Prevalence of Prevalence of Prevalence of nuc
   Staphylococcus S.  aureus (%) gene in S.  aureus
   spp. (%)  (%)

1  Dairy Farm 1 8 62.50 (5/8) 50.0 (4/8) 100.0 (4/4)

2  Dairy Farm 2 8 62.50 (5/8) 50.0 (4/8) 100.0 (4/4)

3 Gaushala 1 8 50.0 (4/8) 50.0 (4/8) 100.0 (4/4)

4 Gaushala 2 8 75.0 (6/8) 62.50 (5/8) 100.0 (5/5)

5 Gaushala 3 8 50.0 (4/8) 50.0 (4/8) 100.0 (4/4)

6 Gaushala 4 8 62.50 (5/8) 50.0 (4/8) 100.0 (4/4)

7 Gaushala 5 8 50.0 (4/8) 50.0 (4/8) 100.0 (4/4)

 Total 56 58.92% (33/56) 51.78% (29/56)   100.00% (29/29)

Table 1. Detail of Antibiotic discs used in antibiotyping

S.N.  Antibiotic groups Name of Antibiotics Abbrev- Concent-
   iation ration (µg)

1  - Lactams i. Oxacillin OX 1

  ii. Methicillin MET 5
  iii. Ampicillin+ A/S 10
  Sulbactam
2 Cephalosporins iv. Cefoxitin CX 30
  v.  Ceftriaxone CTR 30
  vi. Ceftazidime CAZ 30
  vii. Cefotaxime CTX 30
3 Macrolides viii. Erythromycin E 15
4 Carbapenems ix. Imipenem IPM 10
5 Glycopeptides x. Vancomycin VA 30
6 Aminoglycosides xi. Gentamicin GE 10
  xii. Streptomycin S 10
7 Amphenicols xiii. Chloramphenicol C 30
8 Quinolones xiv. Oflxacin OF 5
  xv. Ciprofloxacin CIP 50
  xvi. Levofloxacin LE 5
9 Oxazolidinones xvii Linizolid LZ 30
10 Tetracyclines xviii. Tetracycline TE 10

of biofilm phenotypes could result from differences in the 

interpretation of results. Therefore, standardizing the 

method and interpretation of biofilm forming is crucial 

(Atshan and Shamsudin, 2011).
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Antibiotic Sensitivity Test (ABST)

 Strong biofilm forming S. aureus were subjected for 
Antibiotic Sensitivity Test (ABST) and high resistance was 
shown against oxacillin (73.68%), methicillin (52.63%), 
ofloxacin (52.63%) and ciprofloxacin (47.36%). The high 
sensitivity was shown against cefoxitin (94.73%), ceftazidime 
(84.21%), vancomycin (84.21%), imipenem (78.94%), 
streptomycin (78.99%) and gentamicin (73.68%). The results 
of this study are similar with findings of previous antibiotic 
studies on various types of milk, as oxacillin was 60-100% 
and 70.0% resistant in study of Akindolire et al. (2015) and 
Naseer et al. (2021), respectively, and 44.47% ofloxacin 
resistant isolates revealed in study of Sharma et al. (2015). 
In accordance to this study, cefoxitin was found 100.0% 
and 80% sensitive in the study of Marques et al. (2017) and 
Naseer et al. (2021), respectively.  A total of 42.10% (8/19) 
strong biofilm former S. aurues were multi drug resistant, 
showing resistant to three or more than 3 class of antibiotics 
mainly for Penicillins, Quinolones and Macrolides.  These 
biofilm forming MDR strain of S. aureus in mastitic milk 
could be a potential source of antibiotic resistant determinants 
in environment, animal and human population.

CONCLUSIONS

 Biofilm forming attribute of S. aureus make it more 
virulent by increasing adhesiveness on surfaces and that 
surface continuously act as source of infection in raw milk. 
Thus, the presence of potential biofilm-producing 
antibiotic-resistant S. aureus in milk intended for human 
consumption may be cause of severe health risk for human. 
Consequently, there is a need to enhance control measures, 
especially in the dairy sector, to curb the spread of 
pathogenic S. aureus and to limit the use of antibiotics. 
Further studies are required to elucidate other factors that 
are indulged in biofilm formation.
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 The Gir cattle is one of the important indigenous 
dairy type breed of Saurashtra region of Gujarat. This 
breed is well known for its better heat tolerance capacity 
and resistant to various tropical diseases (Gajbhiye et al., 
2016; Patbandha et al., 2020). With a population of 
13,80,208 in the country, it contributes significantly to 
total milk production of the country. Owing to its unique 
traits, it is also used for grading up of various non-descript 
cows in India.

 In developing countries, more than 70 % of the 
expenditure in dairy farming is contributed for the feeding 
of animals (Singh et al., 2022). Challenge feeding is an 
accepted concentrate feeding system to increase milk 
production in dairy animals. In this system, concentrates 
are introduced to the animals in their last several weeks of 
pregnancy and initial phase of lactation. The amount is 
gradually increased as lactation progresses until no further 
response in milk yield. This system enables the animal to 
express their milk production as close to their genetic 
potential.

 The period from two months (especially last 3 weeks) 
pre-calving to two months post calving which includes the 
transition period is the most stressful period in the annual 
cycle of dairy cow (Grummer, 1995). This period is very 
important for the animals to augment body reserves to 

meet the demands of growing fetus and to avoid negative 
energy balance peripartum. Under feeding during this 
period could lead to low birth weight of calf. Thus, it is 
necessary that milch animals must be judiciously and 
adequately fed during this period to produce maximum 
milk production with minimum health problems and to 
increase the income of farmers. The theory behind 
challenge feeding is feeding a higher plane of nutrition to 
milch animals during last phase of dry period and in the 
early postpartum period (Dann et al., 2006). Suboptimal 
transition from dry period to lactation can decrease total 
milk production, reproductive performance and the profit 
potential of dairy animals.

 Considering the above points, the present experiment 
was planned with the aim of achieving better production 
performance in Gir cows through challenge feeding.

MATERIALS AND METHODS

 The present experiment was conducted at Cattle 
Breeding Farm, Junagadh Agricultural University, 
Junagadh, Gujarat (India) during August- 2018 to January- 
2019. Average rainfall of this region is 1200 mm. The 
temperature and relative humidity remained between 12.8 
°C to 37.4 °C and 46 to 52%, respectively.

Selection of experimental animals and feeding schedule

 Sixteen advanced pregnant Gir cows were selected 
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20 days prior to their expected due date of calving and 
divided randomly into 2 groups (8 animals in each), 
control (T ) and treatment (T ), based on their parity, body 1 2

weight and milk yield of previous lactation to maintain 
homogeneity among the experimental animals (Table 1). 
The present study was conducted for a period of 20 days 
pre-partum to 60 days postpartum (total 80 days).

Housing and management

 All the experimental animals were maintained under 
uniform housing conditions. Each animal was allotted an 
individual pen with ample space, proper ventilation and 
drainage, soft bedding and watering facilities. The animals 
let loose for two hours in the morning for exercise.

Feeding and milking management

 Digestible crude protein (DCP) and total digestible 
nutrient (TDN) requirements were calculated according to 
the body weight and milk production as per ICAR feeding 
standard (2013). Adjustment in nutritional allowances 
were made keeping in view of body weight and milk 
production every fortnight. Animals in treatment group 
were provided a graded increase in concentrate ration daily 
100 g both during the pre-partum and post-partum phase 
(maximum limit-10 kg). Experimental animals were 
offered individually with seasonal green fodder (maize) 
soilage @10 kg/cow/day. Dry fodder (mature pasture grass 
hay) was offered ad lib to all the animals. Daily concentrate 
allowance consisted of ISI grade-I cattle feed (dan), cotton 
seed cake and ground maize. They were mixed and divided 
into two equal portions and offered to the animals morning 
and evening. All the animals were provided 30 g of mineral 
mixture daily.

 The animals were milked twice a day by hand 
milking method allowing the calf to suckle the dam. Milk 
samples were collected at weekly interval from each cow 
for milk composition analysis. There was daily recording 
of feed offered and leftover collected individually for each 
animal to calculate DM intake. Body weight of all the 
animals recorded on start of experiment (day 0) and 
weekly interval thereafter.

Body condition score

 Body condition score (BCS) was done by using a 
five point scale body condition scoring method from 1 
(thin) to 5 (fatty) at increment of 0.25 (Ferguson et al., 
1994). The animals were scored on the first day of 
induction to the experiment and then at weekly interval.

Statistical analysis

 Data obtained from the experiment were analyzed as 
per Snedecor and Cochran (1994) by using the t-test. The 
difference was considered statistically significant if the p-
value was < 0.05.

Table 3. Effect of challenge feeding on production performance 
of Gir cows

Parameters Control (T ) Treatment (T ) P value1 2

Postpartum
a bMilk yield (kg/day) 6.43 ±0.16 8.52 ±0.42 0.0003
a bPeak yield (kg/day) 8.54 ±0.40 11.66 ±0.58 0.0005

Days to attain peak yield (d) 29.00±0.87 36.25±4.72 0.10

Milk fat (%) 3.98±0.07 4.06±0.09 0.65

Milk SNF (%) 8.66±0.11 8.97±0.10 0.052

Milk lactose (%) 4.48±0.08 4.63±0.13 0.33

Milk protein (%) 3.16±0.04 3.17±0.05 0.83

Milk total ash (%) 0.78±0.01 0.75±0.01 0.02

Milk total solids (%) 11.72±0.20 13.04±0.25 0.33

*Means with different superscript in a row differ significantly (P<0.05)

Table 2. Effect of challenge feeding on dry matter intake 
(DMI) in Gir cows.

Parameters Control (T ) Treatment (T ) P value1 2

Pre-partum

Body weight (kg) 443.46±06.65 431.64±05.49 0.24

Total DM intake (kg) 9.20±0.40 9.47±0.30 0.324

DM intake/100 kg BW 2.09±0.11 2.21±0.08 0.46
0.75DM intake g/kg BW  95.80±4.84 100.34±3.61 0.49

Body condition score 3.39±0.05 3.47±0.07 0.37

Postpartum
a bBody weight (kg) 397.50 ±02.18 407.22 ±02.76 0.01

a bTotal DM intake (kg) 10.75 ±0.11 12.95 ±0.056 0.0018
a bDM intake/100 kg BW 2.73 ±0.04 3.20 ±0.12 0.002

0.75 a bDM intake g/kg BW  121.63 ±1.65 146.36 ±5.56 0.002

Body condition score 3.41±0.04 3.50±0.02 0.053

*Means with different superscript in a row differ significantly (P<0.05)

Table 1. Feeding schedule of experimental animals

Particulars Control group (T ) Treatment group (T )1 2

Pre-partum period

20 days before calving Dry fodder -ad lib. Dry fodder -ad lib.
 Seasonal green-10 kg Seasonal green -10 kg
 Concentrate - As per
 ICAR feeding standard
 (2013) Concentrate - As per
  ICAR feeding standard
  (2013) + increasing
  100 g per day

Postpartum period

Calving to 60 days Dry fodder-ad lib. Dry fodder - ad lib.
postpartum Seasonal green-10 kg Seasonal green-10 kg
 Concentrate-As per Concentrate - As per
 ICAR feeding ICAR feeding
 standard (2013) standard (2013) +
  increasing 100 g per
  day (Maximum limit of
  total concentrate-10 kg)

RESULTS AND DISCUSSION

DM intake

 The mean DMI during pre-partum period was 
9.20±0.40 and 9.47±0.30 kg/cow/day in T  and T  groups, 1 2
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 Milk composition parameters like fat, SNF, lactose, 
protein, total solids and ash were found similar in both the 
groups (Table 3). Das et al. (2007) also observed the 
similar results. Contrary to the present study, Singh et al. 
(2003) reported that animals kept on higher feeding levels 
had better milk fat content than animals kept on lower 
feeding level.

Peak yield

 There was significantly (P<0.05) increased peak 
milk yield in T  group (11.66±0.58 kg/day) as compared to 2

T  group (8.54±0.40 kg/day). The higher plane of nutrition 1

during pre-partum and postpartum phase of the 
experimental periods may have provided the necessary 
impetus to the animals of T  group. These findings are in 2

agreement with Singh et al. (2003). Contrary to the above, 
Das et al. (2007) reported non-significant response to peak 
yield in spite of higher plane of nutrition.

Economics

 The total milk yield obtained per cow per day of T  1

and T  groups during first 60 days of lactation was 6.24 and 2

8.27 kg, respectively (Table 4). Since, milk was sold on the 
basis of fat percent and selling price was taken into account 
as Rs. 40/litre, amount received from sale of milk was Rs. 
249.60 and Rs. 330.80 in T  and T  groups, respectively. 1 2

Total concentrate mixture consumed during postpartum 
period was 4.64 and 7.23 kg/cow/day in T  and T  groups, 1 2

respectively. The cost of concentrate (@ Rs.19.50/kg) 
per/cow/day was Rs. 90.48 and Rs. 140.98 in T  and T  1 2

groups, respectively. Increase in net profit was Rs. 
30.70/cow/day in T  group as compared to T  group. 2 1

Considering 300 days of lactation, the farmer got 
additional economic benefit of Rs. 9210 per cow/year.

CONCLUSION

 It was concluded that the practice of challenge 
feeding during early lactation in Gir cows improved 
production performance without affecting body condition 
score and was also economically beneficial.

respectively (Table 2). The results showed that the overall 
total DM intake (kg/day), DM intake/100 kg body weight 
and metabolic body weight during pre-partum period had 
no significant difference between two groups. These 
results are in agreement with earlier researchers (Panigrahi 
et al.,2005; Bindal, 2012) who did not find any significant 
effect of pre-partum supplementation of extra amount of 
concentrate on crossbred cows. The mean DM intake in 
Gir cows during postpartum period was 10.75±0.11 and 
12.95±0.05 kg/cow/day in T  and T  groups, respectively 1 2

(Table 2). The results revealed that the mean daily dry 
matter intake of T  group was significantly (P<0.05) higher 2

than T  group during the postpartum period.1

 The overall mean of DMI per 100 kg BW in T  and T  1 2

groups were 2.73±0.04 and 3.20±0.12 kg during the 
postpartum period, respectively, which was significantly 
higher in T  as compared to T  group (Table 2). Similarly, 2 1

DM intake/kg BW0.75 was also significantly higher in T  2

as compared to T  group during the postpartum period. 1

This might be due to increase concentrate level in 
challenge feeding. The present results are in agreement 
with Bindal (2012) and Kamboj et al. (2016) who found 
increased DM intake during postpartum phase in crossbred 
cows by supplementation of concentrate in increasing 
levels.

Body condition score (BCS)

 The weekly body condition score of both control and 
treatment groups did not differ significantly during the pre- 
and postpartum period though the mean pre- and 
postpartum BCS of T  was marginally higher and showing 2

an rising trend (Table 2). During the postpartum period, the 
allowance of concentrate mixture in T  group was 2

enhanced increasingly but the significantly higher milk 
yield in T  group leading to higher body tissue loss may 2

have nullified the effect of challenge feeding on their BCS. 
The result obtained in the present study is in agreement 
with the previous studies carried out by Khan et al. (2004), 
Samanc et al. (2010) and Mithuna et al. (2015).

Production performance

 The mean daily milk yield of cows in T  group was 2

significantly (P<0.05) higher than T  group (Table 3). The 1

milk yield was also increased significantly (P<0.05) in all 
the weeks. Cows fed with challenge diet in this study might 
be the reason for positive energy balance in pre-partum as 
well as in postpartum period as compared with control (T ) 1

group of cows and this might be resulted in their 
significantly higher average daily milk yield. The positive 
effect on milk yield was due to challenge feeding as 
reported by Singh et al. (2003), Khan et al. (2004), Das et 
al. (2007) and Gillah et al. (2014).

Table 4. Economics of challenge feeding in Gir cows

Parameters Control (T ) Treatment (T ) Difference1 2

Milk yield (kg/day) 6.43 8.52 2.09

Milk yield/cow/day (L) 6.24 8.27 2.03

Milk sold @ Rs.40/L 249.60 330.80 81.2

Concentrate consumed 4.64 7.23 2.59
(kg/cow)

Cost of concentrate 90.48 140.98 50.50
consumed/cow @ Rs.19.5/kg

Total income/cow/day (Rs.) 159.12 189.82 30.70

Increase in net profit/cow/ - 30.70 -
day (Rs.)

Increase in net profit/cow/ - 9210 -
year (Rs.)
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 Sambar deer (Rusa unicolor) is a wild ruminant, 
belong to the family Cervidae. It has short thick dark hair in 
lighter brown to white creamy color. It is the largest deer 
distributed in southeast Asia. They are nocturnal and 
browse leaves, berries, grasses, bark from young trees, 
fallen fruits, herbs, buds during dusk and at night time 
(Stafford, 1995). It consumes several toxic plants without 
adverse consequences due to special microflora in 
intestine, big size of rumen. It lives in solitary or in small 
groups. Stags mark their territory with the secretion of pre-
antler glands on the branches of trees and bushes.

 The stomach of Sambar deer is composed of four 
distinct compartments namely rumen,  reticulum, omasum 
and the abomasum (Stafford, 1995). Rumen occupies most 
of the left side of the abdominal cavity (Getty, 2012). 
Stafford (1995) reported that the interior of rumen of 
sambar deer was divided into various compartments by 
ruminal pillars and possessed short poorly developed papilla 
at the roof of the interior of rumen and also no papillae 
were found at the pillars and reticulum was divided into 
reticular cells without any secondary or tertiary crest 
within the reticular cells. The papilla was present on both 
inside the cells and over the primary crests. He further 
reported that omasum in sambar deer was large, roughly 
kidney shaped with 46-71 omasal lamina, containing short 
poorly developed blunt papillae of less than 1 mm in length 
and with a round base of diameter 1 mm.

 Histologically the rumen, reticulum and omasum of 
ruminants was made up of tunica mucosa, submucosa, 
muscularis asnd serosa and having keratinised-type of 
stratified squamous epithelium (Eurell and Frappier, 
2006). The macro anatomy of forestomach of Sambar deer 
has been  carried out in details but there is lack of literature 
on the microanatomy. So, this study was carried out to 
explore the microanatomy of forestomach of Sambar deer.

MATERIALS AND METHODS

 The forestomach was collected from two male and 
one female adult sambar deer during post-mortem 
examination (male sambar deer of PM No. 369, Forest 
Veterinarian Unit, Tirunelveli dated 12/02/2022, female 
sambar deer of PM No. 371, Forest Veterinarian Unit, 
Tirunelveli dated 19/03/2022, male sambar deer of PM No. 
375, Forest Veterinarian Unit, Tirunelveli dated 02/04/2022). 
The sambar deer were clinically healthy with an average 
age of 10 years. The average weight was 198 kg. Abdominal 
cavity was opened to expose the viscera and identified the 
organs of digestive system and small pieces of forestomach 
of sambar deer namely rumen, reticulum and omasum was 
cut, washed in the normal saline and fixed in 10% neutral 
buffered formalin for histological studies. Then the tissues 
were dehydrated in the ascending grades of the alcohol, 
cleared in xylene and embedded in paraffin (58-60º C). 
Tissue sections of 4-5µm thickness were used for the 
Haematoxylin and Eosin Staining method to know the 
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tunica mucosa, submucosa, muscularis and serosa. All the ruminal, reticular papilla and omasal lamina was lined with keratinised type of stratified 
squamous epithelium. The reticular epithelium was found thicker at the tip of the papilla and thinner at the base of the papilla. The omasal lamina was 
branched off from the basal layer and composed of only two layers namely tunica mucosa and submucosa. The lamina propria was composed of loose 
connective tissue. In the reticular lamina propria, the papilla invaginated into it forming the epithelial pegs. Muscularis mucosa was not found in 
rumen. Muscularis mucosa layer varied in thickness at various section of reticulum. Muscularis mucosa layer ran parallel to the length of the omasal 
lamina. Tunica submucosa was observed as loose connective tissue with collagen fibres, fibroblast, blood vessels, lymphatics and nerve fibres. 
Tunica muscularis was composed of two layers of smooth muscles in oblique direction. Myenteric plexus was located between the two layers of 
smooth muscles. Tunica serosa consisted of loose connective tissue with large blood vessels.

Keywords: Microanatomy, Rumen, Reticulum, Omasum, Sambar deer
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general histological architecture of the tissue and Masson 
Trichrome Staining method for collegen fibers (Luna, 1968).

RESULTS AND DISCUSSION

  The interior of rumen in the present study was 
divided into sacs by ruminal pillars. The interior of rumen 
was found covered with papillae and the papilla was not 
present in the ruminal pillar (Fig. 1). Reticulum was the 
cranial most part of the stomach. The reticulum was 
divided into reticular cells, each of which had 5-7 walls 
(Fig. 2). And there were between 40 and 100 papillae in 
each reticular cell and some papilla was also present in the 
wall of reticular cells. Omasum was roughly kidney 
shaped organ containing 40-80 laminae with numerous 
papilla on each lamina (Fig. 3). Similar observation was 
also found in sambar deer (Stafford, 1995). Micro 
anatomically, the wall of rumen showed four layers namely 
tunica mucosa, tunica submucosa, tunica muscularis and 
tunica serosa (Fig. 4). The findings are in support of the 
results of Amit et al. (2011) in sheep and Al-Araji and 
Dhyaa (2018) in Gazelle. The tunica mucosa in the present 
study showed ruminal papilla of various dimensions and 
shapes. Most of the papilla was short and some were tall in 
shape. Tall ruminal papilla was found tongue shaped and 
small papilla was found filliform, conical and fungiform 
shaped (Fig. 5). Similar findings were also reported by 
Amit et al. (2011) in sheep, Al-Araji and Dhyaa (2018) in 
Gazelle and Sulthana et al. (2021) in sheep. All the ruminal 
papilla was lined with keratinised type of stratified squamous 
epithelium which was in concurrence with the findings of 
Amit et al. (2011) in sheep and Al-Araji and Dhyaa (2018) 
in Gazelle. The stratified squamous epithelium in the 
present study consisted of single layer of stratum basale of 
columnar cells and basally located oval nucleus. This was 
continued towards the luminal surface by stratum 
germinatum by rhomboid cells with oval nucleus showing 
many mitotic figures. This layer was observed as 2-3 layers 
which were in contrary to the findings of Eurell and 
Frappier (2006) in domestic ruminants where he quoted 
that the thickness of stratum spinosum layer varied from 1-
10 cells. This layer was topped with 5-7 layers of stratum 
granulosum with cuboidal cells with centrally located 
large round nucleus. This finding was in opposition to the 
recording of Eurell and Frappier (2006) in domestic ruminants 
where he mentioned that the stratum granulosum was of 1-
3 cell layers thick. This layer was covered by the layer of 
stratum lucidum with 10-12 layers with few elongated 
nucleated cells and many elongated non-nucleated cells. 
The cells of these layers were observed highly eosinophilic 
when compared to the cells of stratum granulosum, 
germinatum and basale (Fig. 6).  This layer was upcovered 
by a layer of stratum corneum with highly keratinized flat, 

non-nucleated eosinophilic cells which was found 
separated from the remaining layers of stratified squamous 
epithelium at most places. Each papilla was found covered 
with stratified squamous epithelium and was rested on the 
lamina propria (Fig. 6).

 The lamina propria was composed of loose connective 
tissue with connective tissue cells and small and large 
blood vessels which was responsible for the absorption of 
volatile fatty acids. Muscularis mucosa was not found in 
the present study which was as per the findings of Eurell 
and Frappier (2006) in domestic ruminants, Amit et al. 
(2011) in sheep and Al-Araji and Dhyaa (2018) in Gazelle. 
The tunica submucosa was found in continuation with 
lamina propria since muscularis mucosa was not observed 
(Fig. 7) which was supported by the findings of Eurell and 
Frappier (2006) in domestic ruminants, Amit et al. (2011) 
in sheep, Al-Araji and Dhyaa (2018) in Gazelle. Tunica 
submucosa was observed as loose connective tissue with 
collagen fibres, fibroblast, blood vessels, lymphatics and 
nerve fibres as reported by Eurell and Frappier (2006) in 
domestic ruminants. Tunica muscularis was composed of 
smooth muscles fibres with two layers of smooth muscles 
in oblique direction and were almost perpendicular to each 
other (Fig. 7). Similar findings were recorded by Sulthana 
et al. (2021) in sheep in which they observed tunica 
muscularis consisted of inner circular and outer longitudinal 
layer. But this findings was in contrary with the reports of 
Al-Araji and Dhyaa (2018) in Gazelle where they mentioned 
that the tunica muscularis of rumen showed three layers 
namely inner circular, middle oblique and outer longitudinal 
layers of smooth muscle fibers. In present observation, the 
inner layer was thick in comparision to the outer layer. 
Myenteric plexus was located between the inner and outer 
layer of smooth muscles which was in line with the 
findings of Amit et al. (2011) in sheep and Sulthana et al. 
(2021) in sheep. Tunica serosa consisted of loose connective 
tissue with large blood vessels which was similar to the 
results of Amit et al. (2011) in sheep and Sulthana et al. 
(2021) in sheep.

 Histologically in the reticulum the tunica mucosa 
showed papilla of various dimensions and shapes. The 
shape of the papilla varies from conical to fungiform shape 
in different heights and thickness (Fig. 8). Similar finding 
was recorded by Sulthana et al. (2021) in sheep. The 
reticulum in the present study was observed to be lined 
with stratified squamous epithelium of keratinized typeas 
reported by Al-Araji and Dhyaa (2018) in Gazelle and 
Kumar and Kumar (2012) in sheep. The epithelium was 
found thicker at the tip of the papilla and thinner at the base 
of the papilla. The epithelium in the present study 
consisted of single layer of stratum basale with cylindrical 
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync

1 22

Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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 Haemorrhagic pneumonia was observed in 7 (8.97%) 
cases of the total affected lungs. About a similar incidence 
of 3.33% was recorded by Ferdausi et al. (2008). Grossly, 
the affected lungs showed patchy hemorrhagic lesions of 
various sizes and congestion. Microscopic results are in 
close approximation with the findings of Dutta et al. 
(2007b), who found that the pulmonary blood vessels were 
heavily congested, alveolar, bronchiole and bronchiolar 
lumina were filled with erythrocytes along with few 
neutrophils and some amount of serous fluid (Fig. 4). 
Bronchointerstitial pneumonia was noticed in 5 (6.41%) 
cases of the total affected lungs. Higher incidence (8.33%) 
was reported by Lavanya et al. (2011). Grossly, the lungs 
were heavy, edematous, reddened, consolidated throughout 
in a lobular pattern and failed to collapse when thethorax 
was opened. Microscopically, the presence of both bronchiolar 
and diffuse alveolar damage with desquamation of 
epithelium in the bronchi and influx of neutrophils into the 
alveolar lumen along with type II pneumocytes lining the 
alveoli were noticed (Fig. 5). Catarrhal pneumonia 
wasobserved in 4 (5.12%) cases of the total affected lungs. 
A higher incidence (44.64%) was reported by Sarradell et 
al. (2003). Grossly, the involved lungs are solid, appearing 
bluish red or greyish-yellow. Pressure on the cut surface 
revealed turbid fluid. Microscopically, it produced sero-
cellular exudate along with infiltration of mononuclear 
cells in alveolar tissue. Previous reports indicated that both 
gross and microscopically lesions were described under 
this catarrhal pneumonia by Cappuccio et al. (2018).

 Suppurative pneumoniawas found in 3 (3.54%) 
cases of the total affected lungs. About similar incidences 
of 3.41% were recorded by Dutta et al. (2007a) who found 
that the affected portions of lungs were consolidated 
having a diffuse area of irregularly raised grayish white 
mustard seeds to pea-sized abscesses. In the previous 
studies, the lobular pattern of distribution of consolidation 
was observed in suppurative pneumonia by Jubb et al. 
(2007) and reddish grey consolidation with purulent 
exudate and abscesses were described by Sadana et al. 
(1975) in suppurative pneumonia of pigs.

CONCLUSION

 The present investigation had been concluded that 
the bronchopneumonia in pigs was reported in highest per 
cent followed by interstitial, hemorrhagic, bronco-
interstitial, catarrhal and suppurative pneumonia. Almost 
all the gross and microscopic observations were in close 
conformity with the findings of earlier workers reported 
elsewhere.
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ABSTRACT

 In the present investigation, a total of 384 specimens of the lungs of pigs were investigated for pneumonic pathological conditions. During this 
period, sample of lungs of pigs suspected of pneumonia were examined irrespective of age, sex and breed in Bikaner and Jaipur, Rajasthan. Out of 
these 385 specimens, 78 pneumonic condition were observed grossly. These were further processed for histopathological examination to find various 
pneumonic pathological conditions. Bronchopneumonia was reported in highest per centage followed by interstitial, haemorrhagic, 
bronchointerstitial, catarrhal and suppurativepneumonia.

Keywords: Bronchopneumonia, Histopathologicalconditions, Pathological conditions, Pig
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 The pigs with high prolificacy, efficient mothering 
ability, rapid growth, most economical feed conversion 
efficiency, shorter gestation period and high dressing 
percentage (65-80) are rated as one of the best meat 
producing animals in world. In India, the current goal for 
the pig industry is to produce high-quality lean meat at a 
low cost, which will play an essential role in improving the 
socio-economic status of pig rearing farmers (Das and 
Bujarbaruah, 2005). Respiratory diseases are major health 
problems in growing swine worldwide including India. 
Moreover, the establishment of secondary infections in 
these animals and the increase in the treatment costs and 
death of animals are additional economic losses (Ostanello 
et al., 2007). A wide range of pneumonic pathological 
conditions are common in the pig lungs such as bronchoint-
erstitial pneumonia, bronchopneumonia, haemorrhagic 
pneumonia, interstitial pneumonia, suppurative pneumonia 
and catarrhal pneumonia (Gidey et al., 2014). In Rajasthan, 
very few efforts have been made to study the occurrence of 
various pathological conditions in the lungs of pigs. Therefore, 
it becomes pertinent to study the lung’s affections in pigs.

MATERIAL AND METHODS

 The materials for the present study consisted of 
tissue samples of lungs collected from various 
slaughterhouses and from private piggery farms located in 
and around the Bikaner and Jaipur districts of Rajasthan. A 
total of 385 pigs of either sex or different age groups were 
examined in detail and lung samples were collected for the 
study. During slaughter, the samples were thoroughly 
examined grossly for alterations in morphology, shape, 
size, colour, consistency, location and presence of a cyst, 
tumor and, abscess, etc., lesions in the individual part of 

the lungs.Tissue pieces from portions of the lungs were 
collected in 10% buffered formalin for histopathological 
examination. The samples were processed by routine 
paraffin embedding using the acetone and benzene 
technique (Lillie, 1965), and sections of 4-5 micron 
thickness were cut and stained by Harris Hematoxylin and 
Eosin method (Luna, 1968). These were further proceeded 
for histopathological examination.

RESULTS AND DISCUSSION

 The present study was carried out from November 
2017 to November 2018. During this period, a total 
number of 385 specimens of lungs of pigswere collected 
from various slaughterhouses and private piggery farms. 
Out of these specimens, 78 lungs were suspected of 
pneumonia grossly. These were further processed for 
histopathological examination to find various pathological 
conditions. An overall incidence of various pneumonic 
pathological conditions inlungs of pigs was reported as 
20.25 % cases. The details of lung conditions in pig are 
depicted in Table 1.

 In the present study, 78 (20.25%) cases of pneumonia 
were observed out of 385 pig lungs examined. A various 
surveys carried out on lung lesions in pigs by earlier 
authors showed variation in the incidence of pneumonia 
and was reported as 61.71% (Lavanya et al., 2011) and 
3.87% (Sreevidya, 2017). These findings indicated wide 
variation in the incidence of pneumonia in pigs in India and 
other countries. The higher incidence of pneumonia 
recorded in the present study compared to the incidences 
reported previously in India might be due to variation in 
the age, location, season, managemental practices and 
causes of pneumonia.
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 Bronchopneumonia was recorded in 39 cases (50%) 
of the total pneumonic lungs. However, a higher incidence 
of 71.7% was recorded by Rajao et al. (2013). Grossly, the 
affected lungs revealed the patchy to diffuse area of 
consolidation in apical, cardiac and anterior parts of the 
diaphragmatic lobes (Fig. 1), which agrees with the finding 
of Rao et al. (2001). Microscopically, bronchitis was seen 

as the primary lesion. The lumen of the bronchi and 
bronchioles were obliterated partially and completely with 
exudates comprising polymorphonuclears, mononuclear’s 
and denuded bronchiolar cells and mucous along with 
emphysema and hemorrhages (Fig. 2). Interstitial pneumonia 
was observed in 20 (20%) cases. A higher incidence of 
33.3% was recorded by Dutta et al. (2007) and Comparatively 
lower incidence of 7% was recorded by Lavanya et al. 
(2011). Grossly pale, heavy and firm lungs having elastic 
or rubbery texture with consolidation distributed in all the 
lobes were noticed. Microscopically, findingsof alveoli 
were distorted in shape and the alveolar septa were 
thickened and infiltrated by mononuclear cells (Fig. 3).
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Fig. 1. Gross photograph of lung showing bronchopneumonia

Fig. 4. Microphotograph of lungs showing haemorrhagic pneumonia 
(H& E, 100X).

Fig. 2. Microphotograph showing bronchopneumonia stain.....

Fig. 5. Microphotograph of lungs showing broncho-interstitial 
pneumonia (H& E, 100X).

Fig. 3. Microphotograph of lungs showing interstitial pneumonia (H& 
E, 100X).

Table 1. Various conditions in the lungs of a pig

Sr. No. Type of disease/condition No. of Percentage
  cases

a. Bronchopneumonia 39 50%

b. Interstitial pneumonia 20 25.64%

c. Haemorrhagic pneumonia 7 8.97%

d. Bronchointerstitial pneumonia 5 6.41%

e. Catarrhal pneumonia 4 5.12%

f. Suppurative / Purulent pneumonia 3 3.84%

139

 Cattle are extremely important in India’s animal 
husbandry sector, providing livelihood to millions of rural 
people. Indigenous cattle, which make up roughly 79% of 
the overall cow population according to the 19th Livestock 
Census, have 43 recognised breeds dispersed across the 
country. Hariana is one of the most prominent dual-
purpose cow breeds in India, having been bred and raised 
in the northwest region. With an average milk yield of 997 
kg and the maximum recorded milk yield of 1,745 kg, 
Hariana is the most important cattle breed in Haryana 
known for their amazing endurance in hot tropical 
climates, tolerance to tropical diseases, and inexpensive 
maintenance costs. Hariana breed has recently gained 
popularity because of presence of the A2 allele in milk, 
which is thought to be beneficial to human health (Mishra 
et al., 2009). The present study was conducted in order to 
observe the basic histoarchitecture of teat in Hariana cattle 
in order to establish a baseline to detect intramammary 
infections in them.

MATERIALS AND METHODS

 Tissue samples were collected from base, mid and 
tip of teat from the indigenous Hariana cattle immediately 
after death. After fixation and routine processing, the 
paraffin sections of 5-6 µm thickness were stained with 
haematoxylin and eosin to observe histomorphological 
details (Luna, 1968). Special stains were used to observe 
collagen fibres (Masson’s trichrome), elastic fibres 
(Verhoeff’s method) and reticular fibres (Gridley’s method). 
Different histochemical moieties were demonstrated by 

using Periodic Acid Schiff (PAS) and Alcian blue (AB) for 
neutral mucopolysaccharides and acid mucopolysacc-
harides, respectively (Sheehan and Hrapchak, 1973), and 
Bromophenol blue for basic proteins (Chayen et al., 1969). 
The photomicrographs were taken with digital microscope, 
and Image J software was used to measure the thickness of 
teat canal epithelium and teat skin epidermis.

RESULTS AND DISCUSSION

 The outer wall of teat was made up skin and the 
internal duct system was formed from proximal to distal 
aspect by annular folds, teat cistern, Furstenberg’s rosette 
and teat canal.

Teat skin: The epidermis was consisted of different layers 
viz; stratum corneum, granulosum, spinosum and basale. 
The epidermis projected into the dermis forming the 
epidermal pegs which were blunt and flattened at base of 
teat but elongated and pointed at mid region and tip of teat 
(Fig. 1A). The dermal papillae projected into the epidermal 
pegs and which contained connective tissue, blood vessels 
and nerves in order to provide nutrition and innervation to 
the epidermis as also reported by Debbarma et al. (2017) in 
the buffalo skin. The epidermal pegs were divided by rete 
pegs into primary and secondary papillae and were present 
more at the tip region to provide strength and firmness to 
teat tip as noticed by Sumena et al. (2010) in pigs. Similar 
findings were observed in the skin of cattle, goat and 
spotted deer by Nagaraju et al. (2012).

 The stratum corneum, outermost layer (Fig. 1A), 
was thickestat tip followed by mid and base of the teat skin 
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and was strongly eosinophilic with flattened, non-
nucleated, keratinized cells as described by Bhattacharya 
et al. (2003) in non-descript buffalo. The stratum 
granulosum layer was thicker at tip of teat region and 
contained 1-2 layers of squamous cells which had flat 
nucleus (Fig. 1A). Keratohyaline granules were present in 
these cells which produce keratin at the tip and teat canal. 
These findings are in accordance with Nararaju et al. 
(2012) and Sumena et al. (2010) who reported similar 
observations in buffalo skin. The stratum spinosum had 2-
3 layers at base, 4 layers at mid and 6 layers at tip region of 
teat consisting of polyhedral cells with spherical nucleus 
which had melanin granules that prevented the ultraviolet 
rays from penetrating the skin (Fig. 1A). The stratum 
basale contained large number of brown staining 
pigmented cells as melanocytes which were more at the tip 
region (Fig. 1A). Similar findings were reported by 
Debbarma et al. (2017) according to them these cells 
helped to tolerate high heat, photosensitization and 
sunburns. Non pigmented cells in the stratum basale were 
Langerhans cells with clear cytoplasm and reniform 
nucleus which were more at tip region and were 
responsible for the uptake of exogenous antigens that 
caused teat infections. These cells played role in defence 
mechanism of teat by acting as antigen detectors.

 The micrometrical data revealed that the thickness at 
tip of teat skin was 453 ± 9.38 µm while at the mid and base 
was 397.59 µm ± 7.53 and 283.67 ± 5.98 µm, respectively. 
The tip region was found to be the thickest followed by mid 
and base regions of the teat. The thickness of teat canal 
epithelium was 342.53 ± 8.97 µm, while diameter of lumen 
of teat canal was 976.01± 15.19 µm. Similarly, Kumar 
(1990) observed the thickness of teat canal in cattle as 
327.25 ± 5.91 µm and in buffalo 357.19 ± 4.80 µm.

 The dermis was consisted of smooth muscle fibres, 
blood vessels, nerves and dense irregular connective tissue 
in the teat skin, however hair follicles, sebaceous and 
sweat glands were found in base part of teat (Fig. 1A). The 
epidermis layer showed weak to moderate PAS reaction 
while PAS-AB and Basic proteins showed weak reaction. 
The dermis showed moderate PAS but a weak PAS-AB and 
basic protein reactions.

Internal Duct system: It was comprised of annular fold, 
teat cistern, Furstenberg’s rosette and teat canal.

Annular fold: It was very thick and located at the junction 
of teat and gland cistern making a clear-cut demarcation 
between them. The cranial portion of the annular fold was 
gland cistern lined by single layer of cuboidal epithelium 
which became double layer at places where as, teat cistern 
was present caudal to the annular fold and was lined by 

double layered cuboidal to columnar epithelium. The 
lining epithelium of annular fold was stratified cuboidal 
type in present study (Fig. 1B).

Teat cistern: The teat cistern was lined by stratified 
cuboidal to columnar epithelium. The cistern showed 
keratinized epithelium along with numerous longitudinal 
and circular mucosal folding at the base of teat. Double 
layer stratified squamous epithelium lined the teat cistern 
in mid part of teat and had more mucosal folding. Similar 
findings were observed by Paul et al. (2013) in teat cistern 
of desi and crossbred cattle. The greater number of 
mucosal folds in the teat cistern may be responsible to hold 
less amount of milk in the teat cistern (Paul et al., 2013). 
The sub epithelial stroma of teat cistern consisted of loose 
connective tissue with muscle fibres and blood vessels 
along with coiled tubular glands called accessory 
lactiferous glands (Fig. 1B, C, D) which were located in 
the mid, base and Furstenberg’s rosette region of teat 
cistern. The lining epithelium of teat cistern and lactiferous 
glands showed moderate PAS and weak to moderate PAS-
AB reaction however, the activity of basic protein reaction 
was strong in teat stroma and weak to moderate in 
lactiferous glands and teat sinus epithelium (Fig. 1E, F).

Furstenberg’s rosette: The Furstenberg’s rosette (FR) 
was present between the junction of teat cistern and teat 
canal and had 10-14 mucosal folds (Fig 1C). Similar 
findings were reported by Patel et al. (2007) and Nickerson 
and Pankey (1983) in FR  of bovines. The subepithelial 
connective tissue contained abundant of collagen fibres 
with few reticular and elastic fibres , smooth muscle fibres 
and nerve fibres along with, polymorphonuclear cells 
(PMN), monocytes, mast cells and plasma cells. The FR 
region also contained aggregations of lympho-reticular 
tissue which played an important role in the antibody 
production by forming a barrier between bacteria and 
epithelium (Nickerson and Pankey, 1983).

Teat canal: The teat canal was lined by stratified 
squamous keratinized epithelium which continued 
proximally as double layered stratified non keratinized 
type in the FR and teat epidermis distally. The teat canal 
epithelium consisted of single layer stratum basale, 2-4 
layers of stratum spinosum and 7-8 layers of stratus 
granulosum. Outermost layer was stratum corneum which 
was keratinized and more prominent in the non lactating 
animals as it was responsible for the keratin formation 
(Fig. 2A). Rete ridges (not shown in the figures) were 
finger like projections arising from teat canal epithelium, 
which were longer and pointed in non lactating animals but 
blunt and wider in lactating animals. Vesicular 
components known as Marksaulchen cells (not shown in 
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Fig. 2. (A) Teat canal of HR showing teat canal lumen (L), epithelium (Epi), teat sphincter(TS).  Hematoxylin and Eosin X 100; (B) Teat canal (L), 
Collagen fibers (Cf) in HR.Masson’s trichrome X 40; (C) Reticular fibers in teat canal epithelium and sphincter of HR.  Gridley’s X 200; (D) Elastic 
fibers (Ef) in teat canal epithelium and sphincter of HR. Verhoeff”s X 100; (E) Elastic fibers in blood vessels of teat stroma of HR. Verhoeff”s X 200; (F) Basic 
protein in teat stroma of HR. Bromophenol blue X 100

Fig. 1. (A) Epidermis (E), Dermis (D), sweat glands (Swg), Epidermal pegs (Ep), Dermal pegs (Dp), Melanocytes (M), Stratum basale (Sb), Stratum 
spinosum (Ss), Stratum granulosum (Sg), Stratum corneum (Sc) of mid teat skin of Hairana (HR) . Hematoxylin and Eosin X 100: (B) Cross-sectional 
view of base of teat showing thick annular fold (AF) and lactiferous glands (Lg) in HR.  Hematoxylin and Eosin X 100; (C) Furstenberg’s rosette (FR) 
and lactiferous glands (Lg) in HR. Hematoxylin and Eosin X 100; (D) Lactiferous glands (Lg) of HR. Hematoxylin and Eosin X 200; (E) Neutral 
mucopolysaccharides in Lactiferous glands in HR. Periodic acid Schiff X 100; (F) Basic protein in lactiferous glands of HR. Bromophenol blue X 100

figures) were present in teat canal epithelium whose size 
and number decreased towards the lumen of teat canal and 
were more in the lactating cows than non lactating ones. 
The teat canal epithelium showed weak to moderate PAS 

and Basic protein activity while the PAS AB reaction was 
negligible to weak. The basement membrane showed 
strong reaction for PAS AB. The thickness of the teat canal 
epithelium was 342.53 ± 8.97 µm in Hariana cows. Also 
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dany et al. (2019) had reported that the cross bred cows had 
thicker teat canal epithelium than the Jenubi cows and this 
could be responsible for the improved milk production and 
quality in crossbred cows. The luminal diameter of teat 
canal was 976.01± 15.19 µm.

 The sub epithelial portion was fibromuscular type 
contained smooth muscle fibres, abundant collagen fibres 
with few reticular and elastic fibres (Fig. 2B, C, D). Large 
number of blood vessel and nerves helped in tight closure 
of teat canal thereby lowering risk of intra mammary 
infections. The nerve bundles in increased number at the 
mid and tip regions was responsible for hormonal-nerve 
stimulation during suckling and milking of the animal 
(Ferdowsi et al., 2017). The teat sphincter had circular and 
longitudinally oriented smooth muscle fibres along with 
more elastic fibres compared to collagen and reticular 
fibres (Fig. 2D, 2E), indicated its musculo-elastic nature. 
Van der Merwe, (1985) explained that the elastic fibres 
caused passive closure of teat canal while smooth muscle 
fibres were responsible for contractile action. The teat 
stroma showed moderate PAS, PAS-AB and Bronophenol 
bene reaction but the reactions were stronger in teat sphincter 
(Fig. 2F).

 It was concluded that maximum thickness of 
epidermis at tip of teat plays an important role in defence 
mechanism of teat. The highly keratinized stratum 
corneum of teat canal in the non-lactating animals may be 
responsible for the formation of keratin plug.
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 Gestational age estimation in sheep provides their 
owners valuable information that aids in the late gestation 
management as lamb survival is an important factor 
affecting the sheep profitability (Ekiz et al., 2005). 
Ultrasonographic fetometry allows not only estimation of 
fetal age but also determination of sex and measurement of 
number of foetuses carried, assessment of vitality of fetus 
and diagnosis of pregnancy disorders which would be 
useful for specific clinical management or research 
applications. Numerous researchers used transrectal or 
transabdominal B mode ultrasonography to predict 
gestational age by means of fetal measurements in small 
ruminants (Frank et al., 1982; Ali and Hayder, 2007). 
Various embryonic/fetal parameters have been studied so 
far for estimating gestational age. However, the most 
practical measurements of fetal structures are embryonic 
vesicle, crown rump length, fetal head diameters, 
placentome size (Karen et al., 2001). One of the important 
limitation of estimation of gestational age using fetal 
parameters is their accessibility throughout the gestation 
(Airina et al., 2011).  The crown rump length (CRL) and 
embryonic vesicle diameter (EVD) were accessible only 
during the first trimester of gestation,  however regarded 
as an important conformational parameters and can be 
done in relatively early stage of gestation than the other 

parameters (Petrujkic et al., 2016). Hence the present 
study was undertaken to establish correlation and 
construct prediction equations for embryonic parameters 
in Nellore brown ewes.

MATERIALS AND METHODS

 Nellore Brown ewes (n=20) aged 1-4 years reared 
under semi-intensive conditions and fed with greens, 
concentrates and adlib fresh water and salt licks were 
selected for the study.

Estrus Synchronization protocol: The ewes were 
subjected to short term estrus synchronization protocol of 
seven days using indigenous vaginal progesterone sponges 
(Avikesil-S® ICAR-CSWRI, Avikanagar, Rajasthan) 
containing 350 mg of natural progesterone and 300 IU of 
PMSG (Folligon®, Intervet International, Boxmeer, 

Netherlands) and 75 µg of PGF  (Cloprostenol; Pragma®, 2

ABSTRACT
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Intas Pharmaceutica Limited, Matoda, Ahmedabad) intra 
muscularly at sponge withdrawal.

Breeding of the synchronized ewes: Upon sponge 
withdrawal the synchronized ewes were kept with a ram, 
color painted (mixture of glycerin and dye) and mating 
marks were recorded both morning and evening for three 
days. Each day ram was replaced with a new one with 
changed color paint at brisket region. The next day of 
receiving last mating mark was treated as day 1 or start of 
pregnancy.

Procedure followed for ultrasonography: Transabdominal 
ultrasonography was conducted using a real time B mode 
scanning (ALOKA SSD 500, Aloka co Ltd, Japan) 
equipped with 5 MHz convex transducer on mated ewes. 
Serial ultrasonographic examinations were carried out on 
weekly basis starting from day 8 of mating. Once the 
pregnancy was confirmed, the scanning was continued 
weekly and embryonic vesicle diameter and crown rump 
lengths were identified and images were frozen, saved and 
measured with built in electronic calipers.

Embryonic vesicle diameter (EVD): The largest 
diameter of the gestational sac was chosen as the measure 
of EVD between gestational days 22 to 64 (Fig. 1).

Crown rump length(CRL): The CRL was measured as a 
straight line between fetal crown and origin of the tail 
when the fetus was fully extended between gestational 
days 29 to 64 (Fig. 2).

Field test: The ewes were randomly subjected to 
ultrasound scanning in farmers’ flocks in villages and EVD 
and CRL were measured in ten and nine pregnant ewes, 
respectively. The gestational age was estimated using the 
regression equations generated in experimental animals. 
The lambing dates were obtained from farmers and 
gestational age was calculated retrospectively taking the 
average gestation length as 148 days.

Data analysis: The relationship of gestational age with 
EVD and CRL was plotted as linear regression and the 
gestational age (GA; days) was the independent variable 

(y)  and EVD and CRL (cm) being the dependent variable 
(x), a 5% level of significance was used using statistical 
packages for social sciences (SPSS) version 20. In the field 
test, Mean square errors method used to compare fetal 
parameters.

RESULTS AND DISCUSSION

 The EVD was detectable from day 22 till the end of 
parturition, however measurable from day 22 until day 64. 
The EVD was measured between days 12 to 65 in ewes and 
does by various researchers (Airina et al., 2011; Petrujkic 
et al., 2016; Santos et al., 2018, Devi et al., 2019; Haq et 
al., 2020). Haq et al. (2020) reported non-detectability of 
amniotic vesicle diameter 65 days post mating. In contrast, 

thSantos et al. (2018) stated that at 7  week of gestation itself 
gestational vesicle could no longer be measured due to 
increase in fetal size. These variations of duration of 
measurements might be due to method of ultrasonography 
used to measure gestational vesicle and rapid 
accumulations of fetal fluids making uterus too large to be 
accurately measured.

 On day 22 in 40 per cent of animals (8/20) EVD 
could be measured and in others could not identified until 
Day 29. On day 64 in 55 per cent of animals (11/20) EVD 
could be measured and in rest exceeded the ultra sound 
screen. High positive correlation (r=0.9497) (p<0.05) was 
obtained between EVD and GA and regression equation 
was generated (Fig. 3). These findings were in agreement 
with Petrujkic et al. (2016) and Haq et al. (2020), however, 

2Santos et al. (2018) reported lower correlation R  = 0.689 
and r= 0.76, respectively. This could be due to the 
difficulties to visualize the entire transverse or 
longitudinal images, accessibility of the sac, number of 
days in gestation measured, method of ultrasound used and 
breed of ewe studied. Santos et al. (2018) generated 
prediction equation as GW=3.1+0.1×GV where GW is 
gestational week and GV is gestational vesicle in Santa Inn 
sheep. Haq et al. (2020) had given regression equation as 
y=1.7383x-27.79 where y is EVD in mm and x is 
gestational age in days in Beetal goats.

Table 1. Range and Mean (±SE) of EVD and CRL of fetus during pregnancy in Nellore Brown ewes

Gestational age EVD (Mean± SE) Range (Min-Max) CRL (Mean± SE) Range (Min-Max)
a22 1.48±0.14  0.9-2.3 -
a a29 2.22 ±0.16  1.2-3.6 1.26±0.13  0.5-1.9
b a36 3.49 ±0.17  2.4-4.9 2.19 ±0.20  1.0-3.6
c b43 4.67 ±0.15  3.6-5.9 4.03 ±0.18  2.7-5
d c50 5.79 ±0.17  4.3-6.6 5.93 ±0.36  4.5-7.7
d d57 6.77 ±0.19  4.6-8.0 7.70 ±0.25  5.2-8.6
e e64 8.73 ±0.27  7.6-10.6 9.28 ±0.27  8.2-10.3

*Means with different superscripts differ significantly (P<0.05) within columns
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Fig. 1. EVD measured in Nellore Brown ewes

Fig. 3. Scatter plot and linear regression line of EVD and GA in Nellore 
Brown ewes

Fig. 5. Validation of EVD measurements under field conditions

Fig. 4. Scatter plot and linear regression line of Crown Rump Length 
and gestational age in Nellore Brown ewes

Fig. 6. Validation of CRL measurements under field conditions

Fig. 2. Crown rump length measured in Nellore Brown ewes

 The CRL was detectable from day 22 till day 71 
however, was measurable between days 29 to days 64 and 
exceeded the ultrasound screen limits after that.

 In the present study, the chance to access CRL 
during the gestational period between 29 and 64 was 62% 
(74/120) and 38% of CRL observations were inaccessible 
either due to immeasurable embryo (day 29) or fetus 
exceeding of screen of ultrasound (day 64). The 
accessibility of various fetal parts for scanning depends on 
the method of scanning. Transabdominal scanning was 

much inferior to that of the transrectal in the early 
pregnancy.

 A high positive correlation was established 
(r=0.9573) between CRL and GA and regression equation 
was generated (Fig. 4). These results were in accordance 
with Abdelghafar et al. (2011), Kuru et al. (2018) and Haq 
et al. (2020), however, Metodiev et al. (2012) and Santos et 
al. (2018) reported lower correlation and Abubakar et al. 
(2016) reported a slightly higher correlation than this 
study. These discrepancies could be explained by 
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difference in breeds of sheep, intervals between 
consecutive scanning between studies difficulty in 
acquiring high quality images due to fetal size, position 
and movements and inaccurate measurement of the CRL 
(Abubakar et al., 2016). Abubakar et al. (2016) developed 
regression equation in Jamnapari goats between day 37 -72 
gestational age as y=18.776+0.606x where y is gestational 
age and x is CRL. Santos et al. (2018) expressed the 
relationship as GW = 2.65+0.11×CR where GW is 
gestational week and CR is CRL in Santa Inn ewes. 
Abubakar et al. (2016) opined that CRL is the best 
predictor of GA however Santos et al. (2018) considered 
CRL as less accurate to estimate GA.

Validation of prediction equations in the field: A field 
test was conducted on ewes in surrounding villages for GA 
estimation and EVD was measured in 10 pregnant ewes 
and CRL was measured in nine pregnant ewes. The 
regression equation established for EVD and CRL was 
used to predict the GA. For linear relationship 30 (3/10) 
and 100 (10/10) per cent of pregnant ewes delivered within 
±7 and ±14 days of expected parturition dates, respectively 
(Fig. 5) for EVD and 55.5 (5/9) and 100 (9/9) per cent of 
pregnant ewes delivered within ±7 and ±12 days of 
expected lambing dates, respectively (Fig. 6). The high 
correlation established in this study for EVD was justified 
in the field study by recording 100 per cent of parturitions 
within ±14 days of expected parturition dates. Estimation 
of GA was more accurate during early pregnancy since the 
values obtained in latter gestation were also affected by the 
individual characteristics of the fetus. Godfrey et al. 
(2010) validated the accuracy of regression equation 
developed for CRL in ewes by scanning a set of ewes 
(n=51) with known breeding dates. There is much scope to 
extend the study to more number of ewes in field to solidify 
the relationship between the GA and embryonic 
parameters.

CONCLUSION

 It could be concluded that the embryonic parameters 
studies in the present study were well correlated and 
validated with gestational age in early pregnancy. Further 
research is required to define the significance of these 
equations in the field conditions.
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 S. aureus is a common bacterium that has been 
recognized as a challenge in both human and veterinary 
medicine (Bissong and Ateba, 2020). The pathogen is also 
associated with food poisoning in human, staphylococcal 
scaled skin syndrome (SSSS), operative wound infections, 
inflammation of lungs (pneumonia), nosocomial 
bacteremia in human, clinical and subclinical mastitis in 
bovine (Torres et al., 2019). S. aureus produces a wide 
range of virulence factors like toxic shock syndrome toxin-
1 (TSST-1), staphylococcal enterotoxin (SE), Panton-
Valentine Leukocidin (PVL) (Hoque et al., 2018). The 
other important virulence factor of S. aureus is its ability to 
form biofilm in vivo which greatly influence its 
pathogenicity (Andrade et al., 2021). The biofilm 
producing bacteria exhibit high resistance to disinfectants, 
antibiotics and host immune system clearance (Hait et al., 
2021). Biofilms reduce the effectiveness of treatments and 
increase morbidity, mortality and health care cost 
(Akindolire et al., 2015). The biofilm forming ability of 
the isolates can be characterized by phenotypic methods, 
i.e., CRA, TM and TCP methods and genotypic 
characterization can be performed by screening of biofilm 
forming genes (Panda et al., 2016). Maintenance of quality 
milk production by developing countries like India is a 
major problem and is due to lack of efficient hygienic 

techniques for milking, storing of milk and maintaining 
herd conditions (Singh et al., 2022). Thus, colonization of 
dairy herd and subsequent contamination of raw milk by S. 
aureus, especially biofilm producing and MDR remains an 
important issue for both the dairy producer and public 
health. Keeping this in view, the present investigation was 
undertaken to undertake the detection of biofilm forming 
S. aureus from mastitic milk.

MATERIALS AND METHODS

Collection of milk sample

 A total of 56 raw milk samples were collected from 
cows exhibiting the symptoms of mastitis residing in dairy 
farms and gaushalas of Mathura region of Uttar Pradesh. 
Milk samples were taken after cleaning the teat with 70% 
ethyl alcohol and brought to laboratory under refrigeration 
and processed immediately.

Screening of samples for detection of clinical mastitis

 California Mastitis Test (CMT) was used for 
screening of clinical mastitis samples as per method 
described by Schalm et al. (1971) with slight 
modifications. The CMT was conducted to diagnose the 
presence of clinical mastitis as per Shitandi and Kihumbu 
(2004). The result was scored based on the gel formation 
and categorized as negative if there was no gel formation 

ABSTRACT

 Microbial biofilms are microbial aggregates and embedded in matrices of exopolymers. Biofilm production is a natural mechanism by which 
microorganisms adhering to a wet surface, secrete extracellular matrix and get embedded inside it. Many food-borne outbreaks have been associated 
with dairy products as main vehicle for transmission. Among those outbreaks, biofilm forming Staphylococcus aureus (S. aureus) were well 
documented as major causative agent and constitute serious threat for consumers’ health. In this study, a total of 56 samples of raw milk were taken 
from cows exhibiting clinical symptoms of mastitis from dairy farms and gaushalas, screened by California Mastitis test. On analysis, all the samples 
(100%) were found positive for mastitis. Occurrence of Staphylococcus spp. and S. aureus was 58.92% and 51.78%, respectively. The S. aureus 
isolates were screened for their biofilm formation property by three different methods, i.e., Congo Red Agar (CRA) assay, Tube Method (TM) and 
Tissue Culture Plate method (TCP). On analysis, 27.59% S. aureus were positive for CRA, 86.20% were positive for tube method and 96.55% were 
positive for TCP. Strong biofilm forming S. aureus were subjected to antibiotic sensitivity test (ABST) and multi drug resistant (MDR). The isolates 
exhibited high resistance against oxacillin (73.68%), methicillin (52.63%), ofloxacin (52.63%) and ciprofloxacin (47.36%), whereas high sensitivity 
was observed against cefoxitin (94.73%), ceftazidime (84.21%), vancomycin (84.21%), imipenem (78.94%), streptomycin (78.99%) and 
gentamicin (73.68%). A total of 42.10% strong biofilm former S. aurues were MDR. The indiscriminate use of antibiotics for prophylactic as well as 
therapeutic purpose could be the reason for increased antibiotic resistance of S. aureus.

Keywords: Biofilm, S. aureus, TCP, TM, CRA, nuc gene, Mastitic milk

Haryana Vet. (June, 2023) 62(1), 147-151

*Corresponding author: parulkaler@rediffmail.com

DETECTION OF BIOFILM FORMING STAPHYLOCOCCUS AUREUS FROM MASTITIC MILK

1 2 3SHIKHAR K. VERMA, PARUL, BARKHA SHARMA , UDIT JAIN, AMBIKA SHARMA , MEENA GOSWAMI , 
PRACHI SINGH, AASHIMA, ABHISHEK RATHEE and ISHTA AGNIHOTRI

1Department of Veterinary Public Health, Department of Epidemiology and Preventive Medicine,
2 3Department of Veterinary Biochemistry, Department of Livestock Product Technology,
College of Veterinary Science and Animal Husbandry, DUVASU, Mathura-281001, U.P.

Received: 03.10.2022; Accepted: 04.05.2023

How to cite: Verma, S.K., Parul, Sharma, B., Jain, U., Sharma, A., Goswami, M., Singh, P., Aashima, Rathee, A. and Agnihotri, I. 
(2023). Detection of biofilm forming Staphylococcus aureus from mastitic milk. Haryana Vet. 62(1): 147-151.

HV-242-22_Ready to print

Research Article

148

and positive, if there was gel formation ranging from +1 to 
+3. The mastitic milk samples that showed reactivity in 
CMT were considered as positive for clinical mastitis.

Isolation and identification of S. aureus

 Milk samples were processed for isolation of S. 
aureus as per standard bacteriological procedure given by 
Kou et al. (2021) with slight modifications. Baired parker 
and Mannitol Salt Agar were used for isolation of S. aureus 
and biochemically confirmed as per the method described 
by Barrow and Feltham (1993).

Molecular detection of S. aureus isolates

 Biochemically confirmed staphylococci were 
further confirmed for S. aureus by using species specific 
primer targeting nuc gene of S. aureus by using PCR. The 
sequence of forward and reverse primer for nuc gene was 
( 5 ' G C G AT T G AT G G T G G ATA C G G T T 3 ’ a n d 
3 ’ A G C C A A G C C T T G A C G A A C TA A A G C 5 ’ ) , 
respectively. The DNA extraction of bacterial isolates was 
done by Gene JET Genomic DNA purification kit. The nuc 
gene was targated as per method given by Brakstad et al. 
(1992).  The DNA amplification was carried out using the 
thermal cycling profile consisted of an initial denaturation 
at 940 C for 5 min, 37 cycles of 94º C for 60s, 55º C for 30s 
and 72º C for 90s, with a final step at 72º C for 5 min. The 
resulting PCR products were analyzed in agarose gel 
electrophoresis as described by Sambrook and Russel 
(2001) size of resulted amplicon was 267 bp.

Biofilm production

 The S. aureus isolates were subjected to observe the 
biofilm forming capacity in vitro by Congo Red Agar 
(CRA) Assay, Tube Method (TM) and Tissue Culture Plate 
(TCP) methods as described by Mathur et al. (2006). 
Briefly, in TCP method individual wells of flat bottom 
polystyrene plates were filled with 0.2 ml of the diluted 
cultures and plates were incubated for 24 hours at 37° C. 
Further, plates were washed 4 times with 0.2 ml of PBS 
(sessile organisms in plate were fixed with sodium acetate 
(2%) for half an hour and stained with crystal violet (0.1% 
w/v) for half an hour. The OD values less than 0.120 were 
considered as non adherence and weak biofilm former 
while mean OD values 0.120-0.24 showed moderate 
adherence and moderate biofilm former while OD>- 0.240 
showed strong adherence and categorized as strong 
biofilm former.

Antibiotic Sensitivity Test (ABST)

 Antimicrobial susceptibility of the isolates was 
determined by disc diffusion Bauer-Kirby (1959) method 
as recommended by clinical and laboratory standards 
institute (CLSI, 2016) and interpreted as susceptible, 

intermediate and resistant. A total of 18 antibiotics 
comprising of different antimicrobial classes, commonly 
used in the dairy farms were selected in this study (Table 
1). S. aureus ATCC 25923 were used as control strain. The 
100 µl of culture broth of each isolate was inoculated on 
Muller Hinton Agar plate and spread evenly by using 
sterilized cotton swabs, the plates were kept upright for an 
hour so that the culture gets absorbed onto the plates 
evenly. Antibiotic discs were placed on Mueller Hinton 
Agar and the plates were incubated at 37º C for 24 hours 
and the zone of inhibition surrounding the antibiotic discs 
was measured with the scale.

RESULTS AND DISCUSSION

Screening of samples for mastitis

 A total of 56 samples collected from cows with 
symptoms of mastitis were screened for mastitis by CMT. 
All the samples showed gel formation within a few 
seconds, so 100% samples were found positive for 
mastitis. In studies of Hoque et al. (2018), 73.3% were 
positive by CMT that are slightly lesser in relation to our 
findings, while Pati and Mukherjee (2016) reported 
42.75% positivity that was much lower than the present 
findings.

Phenotypic and genotypic identification of S. aureus

 A total of 33 milk samples produced jet black 
coloured colonies on Baird-Parker Agar and yellow 
coloured colonies on nutrient agar and 29 isolates 
produced yellow coloured colonies on Mannitol Salt Agar 
surrounded by yellow zone were identified as S. aureus. 
All the isolates were biochemically confirmed by IMViC 
and also found positive for catalase and coagulase test. 
Occurrence of Staphylococcus spp. and S. aureus from 
various dairy farms and gaushalas are depicted in Table 2. 
In raw milk taken from mastitic cows, occurrence of S. 
aurues was 51.78% and this prevalence value was similar 
to 47.20% reported in China (Wang et al., 2018). From the 
clinical and subclinical mastitic milk, isolation rate of S. 
aureus was 61.36% and 75.40% from India and 
Newzealand, respectively, which were quite higher to 
current study (Bhattachcharya et al., 2016; Notcovich et 
al., 2018). Overall, our data indicates that S. aureus is 
common and frequently detected in raw milk of dairy cows 
with mastitis in Brij region of Mathura. S. aureus 
contaminates many sources of raw milk which are usually 
related to mastitis or human carrier. Difference in 
prevalence is largely due to differences in the type of 
livestock breeding system, animal species, milking 
method and the surrounding environment conditions.

 In the current study, all the phenotypically 
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characterized S. aurues were nuc gene bearer, thus this 
house keeping gene was 100.00% prevalent. In the various 
studies, researchers revealed 100.0%, 85.55% and 85.24% 
nuc genes in S. aurues isolated from mastitic milk in India 
and abroad Bhattacharya et al. (2016); Wang et al. (2018), 
Pati and Mukherjee (2016), respectively.

Biofilm production

 The twenty nine isolated S. aureus were analysed for 
biofilm formation by three described methods CRA, TM 
and TCP. On the basis of these assays, the isolates were 
categorized as strong, moderate and weak biofilm formers 
and results are depicted in Table 3. In CRA method, 
27.59% S. aureus produced black colour colonies on CRA 
and found positive, while rest of the isolates produced red 
colour colonies and were negative for CRA. In tube 
method, biofilm forming isolates were produced slime 
either on bottom or wall or at both the sites of test tube and 
86.20% were found positive by tube method. In TCP assay, 
65.51% were strong biofilm former with more than 0.240 

OD values, 31.03% were moderate biofilm producer, 
while 13.79% isolates showed OD values less than 0.120 
and categorized as weak biofilm producer with overall 
prevalence of 96.55% biofilm former by TCP.  The OD 
was measured at wavelength of 570 nm by using ELISA 
microplate reader.

 In current study, mastitic milk revealed with high 

prevalence of biofilm forming S. aureus 96.55%, 86.20%, 

27.59% by TCP, TM and CRA assay. Comparison of 

biofilm assay is mentioned in table 3. In accordance with 

this study 93.4% and 27.17% biofilm forming S. aurues 

were revealed from TCP and CRA assay in mastitis milk 

from New Zealand as reported by Notcovich et al. (2018) 

and from Brazil 98.9% and 85.0%  by the two assays in 

mastitis milk  (Melo et al., 2013). Results of TCP assay are 

quite similar to our study while there is wide variation in 

findings of CRA. The discrepancies in the categorization 

Table 3. Comparison of Biofilm Assays (TCP, TM & CRA)

S. aureus Biofilm Tissue Tube Congo Red
isolates formation Culture Method Agar Assay
  Plate Assay (TM) (%) (CRA) (%)
  (TCP) (%)

n=29 Strong 65.51 48.28 27.59
  (19/29) (14/29) (08/29)

 Moderate 31.03 37.93 -
  (09/29) (11/29)

 Weak/none 3.45 13.79 72.41
  (01/29) (04/29) (21/29)

 Total Biofilm 96.55 86.20 27.59
 former (Strong (28/29) (25/29) (08/29)
 + Moderate)

Table 2. Occurrence of S. aureus in mastitic milk and presence of nuc gene

S.N. Place of Collection No of Samples Prevalence of Prevalence of Prevalence of nuc
   Staphylococcus S.  aureus (%) gene in S.  aureus
   spp. (%)  (%)

1  Dairy Farm 1 8 62.50 (5/8) 50.0 (4/8) 100.0 (4/4)

2  Dairy Farm 2 8 62.50 (5/8) 50.0 (4/8) 100.0 (4/4)

3 Gaushala 1 8 50.0 (4/8) 50.0 (4/8) 100.0 (4/4)

4 Gaushala 2 8 75.0 (6/8) 62.50 (5/8) 100.0 (5/5)

5 Gaushala 3 8 50.0 (4/8) 50.0 (4/8) 100.0 (4/4)

6 Gaushala 4 8 62.50 (5/8) 50.0 (4/8) 100.0 (4/4)

7 Gaushala 5 8 50.0 (4/8) 50.0 (4/8) 100.0 (4/4)

 Total 56 58.92% (33/56) 51.78% (29/56)   100.00% (29/29)

Table 1. Detail of Antibiotic discs used in antibiotyping

S.N.  Antibiotic groups Name of Antibiotics Abbrev- Concent-
   iation ration (µg)

1  - Lactams i. Oxacillin OX 1

  ii. Methicillin MET 5
  iii. Ampicillin+ A/S 10
  Sulbactam
2 Cephalosporins iv. Cefoxitin CX 30
  v.  Ceftriaxone CTR 30
  vi. Ceftazidime CAZ 30
  vii. Cefotaxime CTX 30
3 Macrolides viii. Erythromycin E 15
4 Carbapenems ix. Imipenem IPM 10
5 Glycopeptides x. Vancomycin VA 30
6 Aminoglycosides xi. Gentamicin GE 10
  xii. Streptomycin S 10
7 Amphenicols xiii. Chloramphenicol C 30
8 Quinolones xiv. Oflxacin OF 5
  xv. Ciprofloxacin CIP 50
  xvi. Levofloxacin LE 5
9 Oxazolidinones xvii Linizolid LZ 30
10 Tetracyclines xviii. Tetracycline TE 10

of biofilm phenotypes could result from differences in the 

interpretation of results. Therefore, standardizing the 

method and interpretation of biofilm forming is crucial 

(Atshan and Shamsudin, 2011).
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Antibiotic Sensitivity Test (ABST)

 Strong biofilm forming S. aureus were subjected for 
Antibiotic Sensitivity Test (ABST) and high resistance was 
shown against oxacillin (73.68%), methicillin (52.63%), 
ofloxacin (52.63%) and ciprofloxacin (47.36%). The high 
sensitivity was shown against cefoxitin (94.73%), ceftazidime 
(84.21%), vancomycin (84.21%), imipenem (78.94%), 
streptomycin (78.99%) and gentamicin (73.68%). The results 
of this study are similar with findings of previous antibiotic 
studies on various types of milk, as oxacillin was 60-100% 
and 70.0% resistant in study of Akindolire et al. (2015) and 
Naseer et al. (2021), respectively, and 44.47% ofloxacin 
resistant isolates revealed in study of Sharma et al. (2015). 
In accordance to this study, cefoxitin was found 100.0% 
and 80% sensitive in the study of Marques et al. (2017) and 
Naseer et al. (2021), respectively.  A total of 42.10% (8/19) 
strong biofilm former S. aurues were multi drug resistant, 
showing resistant to three or more than 3 class of antibiotics 
mainly for Penicillins, Quinolones and Macrolides.  These 
biofilm forming MDR strain of S. aureus in mastitic milk 
could be a potential source of antibiotic resistant determinants 
in environment, animal and human population.

CONCLUSIONS

 Biofilm forming attribute of S. aureus make it more 
virulent by increasing adhesiveness on surfaces and that 
surface continuously act as source of infection in raw milk. 
Thus, the presence of potential biofilm-producing 
antibiotic-resistant S. aureus in milk intended for human 
consumption may be cause of severe health risk for human. 
Consequently, there is a need to enhance control measures, 
especially in the dairy sector, to curb the spread of 
pathogenic S. aureus and to limit the use of antibiotics. 
Further studies are required to elucidate other factors that 
are indulged in biofilm formation.
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 The Gir cattle is one of the important indigenous 
dairy type breed of Saurashtra region of Gujarat. This 
breed is well known for its better heat tolerance capacity 
and resistant to various tropical diseases (Gajbhiye et al., 
2016; Patbandha et al., 2020). With a population of 
13,80,208 in the country, it contributes significantly to 
total milk production of the country. Owing to its unique 
traits, it is also used for grading up of various non-descript 
cows in India.

 In developing countries, more than 70 % of the 
expenditure in dairy farming is contributed for the feeding 
of animals (Singh et al., 2022). Challenge feeding is an 
accepted concentrate feeding system to increase milk 
production in dairy animals. In this system, concentrates 
are introduced to the animals in their last several weeks of 
pregnancy and initial phase of lactation. The amount is 
gradually increased as lactation progresses until no further 
response in milk yield. This system enables the animal to 
express their milk production as close to their genetic 
potential.

 The period from two months (especially last 3 weeks) 
pre-calving to two months post calving which includes the 
transition period is the most stressful period in the annual 
cycle of dairy cow (Grummer, 1995). This period is very 
important for the animals to augment body reserves to 

meet the demands of growing fetus and to avoid negative 
energy balance peripartum. Under feeding during this 
period could lead to low birth weight of calf. Thus, it is 
necessary that milch animals must be judiciously and 
adequately fed during this period to produce maximum 
milk production with minimum health problems and to 
increase the income of farmers. The theory behind 
challenge feeding is feeding a higher plane of nutrition to 
milch animals during last phase of dry period and in the 
early postpartum period (Dann et al., 2006). Suboptimal 
transition from dry period to lactation can decrease total 
milk production, reproductive performance and the profit 
potential of dairy animals.

 Considering the above points, the present experiment 
was planned with the aim of achieving better production 
performance in Gir cows through challenge feeding.

MATERIALS AND METHODS

 The present experiment was conducted at Cattle 
Breeding Farm, Junagadh Agricultural University, 
Junagadh, Gujarat (India) during August- 2018 to January- 
2019. Average rainfall of this region is 1200 mm. The 
temperature and relative humidity remained between 12.8 
°C to 37.4 °C and 46 to 52%, respectively.

Selection of experimental animals and feeding schedule

 Sixteen advanced pregnant Gir cows were selected 
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20 days prior to their expected due date of calving and 
divided randomly into 2 groups (8 animals in each), 
control (T ) and treatment (T ), based on their parity, body 1 2

weight and milk yield of previous lactation to maintain 
homogeneity among the experimental animals (Table 1). 
The present study was conducted for a period of 20 days 
pre-partum to 60 days postpartum (total 80 days).

Housing and management

 All the experimental animals were maintained under 
uniform housing conditions. Each animal was allotted an 
individual pen with ample space, proper ventilation and 
drainage, soft bedding and watering facilities. The animals 
let loose for two hours in the morning for exercise.

Feeding and milking management

 Digestible crude protein (DCP) and total digestible 
nutrient (TDN) requirements were calculated according to 
the body weight and milk production as per ICAR feeding 
standard (2013). Adjustment in nutritional allowances 
were made keeping in view of body weight and milk 
production every fortnight. Animals in treatment group 
were provided a graded increase in concentrate ration daily 
100 g both during the pre-partum and post-partum phase 
(maximum limit-10 kg). Experimental animals were 
offered individually with seasonal green fodder (maize) 
soilage @10 kg/cow/day. Dry fodder (mature pasture grass 
hay) was offered ad lib to all the animals. Daily concentrate 
allowance consisted of ISI grade-I cattle feed (dan), cotton 
seed cake and ground maize. They were mixed and divided 
into two equal portions and offered to the animals morning 
and evening. All the animals were provided 30 g of mineral 
mixture daily.

 The animals were milked twice a day by hand 
milking method allowing the calf to suckle the dam. Milk 
samples were collected at weekly interval from each cow 
for milk composition analysis. There was daily recording 
of feed offered and leftover collected individually for each 
animal to calculate DM intake. Body weight of all the 
animals recorded on start of experiment (day 0) and 
weekly interval thereafter.

Body condition score

 Body condition score (BCS) was done by using a 
five point scale body condition scoring method from 1 
(thin) to 5 (fatty) at increment of 0.25 (Ferguson et al., 
1994). The animals were scored on the first day of 
induction to the experiment and then at weekly interval.

Statistical analysis

 Data obtained from the experiment were analyzed as 
per Snedecor and Cochran (1994) by using the t-test. The 
difference was considered statistically significant if the p-
value was < 0.05.

Table 3. Effect of challenge feeding on production performance 
of Gir cows

Parameters Control (T ) Treatment (T ) P value1 2

Postpartum
a bMilk yield (kg/day) 6.43 ±0.16 8.52 ±0.42 0.0003
a bPeak yield (kg/day) 8.54 ±0.40 11.66 ±0.58 0.0005

Days to attain peak yield (d) 29.00±0.87 36.25±4.72 0.10

Milk fat (%) 3.98±0.07 4.06±0.09 0.65

Milk SNF (%) 8.66±0.11 8.97±0.10 0.052

Milk lactose (%) 4.48±0.08 4.63±0.13 0.33

Milk protein (%) 3.16±0.04 3.17±0.05 0.83

Milk total ash (%) 0.78±0.01 0.75±0.01 0.02

Milk total solids (%) 11.72±0.20 13.04±0.25 0.33

*Means with different superscript in a row differ significantly (P<0.05)

Table 2. Effect of challenge feeding on dry matter intake 
(DMI) in Gir cows.

Parameters Control (T ) Treatment (T ) P value1 2

Pre-partum

Body weight (kg) 443.46±06.65 431.64±05.49 0.24

Total DM intake (kg) 9.20±0.40 9.47±0.30 0.324

DM intake/100 kg BW 2.09±0.11 2.21±0.08 0.46
0.75DM intake g/kg BW  95.80±4.84 100.34±3.61 0.49

Body condition score 3.39±0.05 3.47±0.07 0.37

Postpartum
a bBody weight (kg) 397.50 ±02.18 407.22 ±02.76 0.01

a bTotal DM intake (kg) 10.75 ±0.11 12.95 ±0.056 0.0018
a bDM intake/100 kg BW 2.73 ±0.04 3.20 ±0.12 0.002

0.75 a bDM intake g/kg BW  121.63 ±1.65 146.36 ±5.56 0.002

Body condition score 3.41±0.04 3.50±0.02 0.053

*Means with different superscript in a row differ significantly (P<0.05)

Table 1. Feeding schedule of experimental animals

Particulars Control group (T ) Treatment group (T )1 2

Pre-partum period

20 days before calving Dry fodder -ad lib. Dry fodder -ad lib.
 Seasonal green-10 kg Seasonal green -10 kg
 Concentrate - As per
 ICAR feeding standard
 (2013) Concentrate - As per
  ICAR feeding standard
  (2013) + increasing
  100 g per day

Postpartum period

Calving to 60 days Dry fodder-ad lib. Dry fodder - ad lib.
postpartum Seasonal green-10 kg Seasonal green-10 kg
 Concentrate-As per Concentrate - As per
 ICAR feeding ICAR feeding
 standard (2013) standard (2013) +
  increasing 100 g per
  day (Maximum limit of
  total concentrate-10 kg)

RESULTS AND DISCUSSION

DM intake

 The mean DMI during pre-partum period was 
9.20±0.40 and 9.47±0.30 kg/cow/day in T  and T  groups, 1 2
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 Milk composition parameters like fat, SNF, lactose, 
protein, total solids and ash were found similar in both the 
groups (Table 3). Das et al. (2007) also observed the 
similar results. Contrary to the present study, Singh et al. 
(2003) reported that animals kept on higher feeding levels 
had better milk fat content than animals kept on lower 
feeding level.

Peak yield

 There was significantly (P<0.05) increased peak 
milk yield in T  group (11.66±0.58 kg/day) as compared to 2

T  group (8.54±0.40 kg/day). The higher plane of nutrition 1

during pre-partum and postpartum phase of the 
experimental periods may have provided the necessary 
impetus to the animals of T  group. These findings are in 2

agreement with Singh et al. (2003). Contrary to the above, 
Das et al. (2007) reported non-significant response to peak 
yield in spite of higher plane of nutrition.

Economics

 The total milk yield obtained per cow per day of T  1

and T  groups during first 60 days of lactation was 6.24 and 2

8.27 kg, respectively (Table 4). Since, milk was sold on the 
basis of fat percent and selling price was taken into account 
as Rs. 40/litre, amount received from sale of milk was Rs. 
249.60 and Rs. 330.80 in T  and T  groups, respectively. 1 2

Total concentrate mixture consumed during postpartum 
period was 4.64 and 7.23 kg/cow/day in T  and T  groups, 1 2

respectively. The cost of concentrate (@ Rs.19.50/kg) 
per/cow/day was Rs. 90.48 and Rs. 140.98 in T  and T  1 2

groups, respectively. Increase in net profit was Rs. 
30.70/cow/day in T  group as compared to T  group. 2 1

Considering 300 days of lactation, the farmer got 
additional economic benefit of Rs. 9210 per cow/year.

CONCLUSION

 It was concluded that the practice of challenge 
feeding during early lactation in Gir cows improved 
production performance without affecting body condition 
score and was also economically beneficial.

respectively (Table 2). The results showed that the overall 
total DM intake (kg/day), DM intake/100 kg body weight 
and metabolic body weight during pre-partum period had 
no significant difference between two groups. These 
results are in agreement with earlier researchers (Panigrahi 
et al.,2005; Bindal, 2012) who did not find any significant 
effect of pre-partum supplementation of extra amount of 
concentrate on crossbred cows. The mean DM intake in 
Gir cows during postpartum period was 10.75±0.11 and 
12.95±0.05 kg/cow/day in T  and T  groups, respectively 1 2

(Table 2). The results revealed that the mean daily dry 
matter intake of T  group was significantly (P<0.05) higher 2

than T  group during the postpartum period.1

 The overall mean of DMI per 100 kg BW in T  and T  1 2

groups were 2.73±0.04 and 3.20±0.12 kg during the 
postpartum period, respectively, which was significantly 
higher in T  as compared to T  group (Table 2). Similarly, 2 1

DM intake/kg BW0.75 was also significantly higher in T  2

as compared to T  group during the postpartum period. 1

This might be due to increase concentrate level in 
challenge feeding. The present results are in agreement 
with Bindal (2012) and Kamboj et al. (2016) who found 
increased DM intake during postpartum phase in crossbred 
cows by supplementation of concentrate in increasing 
levels.

Body condition score (BCS)

 The weekly body condition score of both control and 
treatment groups did not differ significantly during the pre- 
and postpartum period though the mean pre- and 
postpartum BCS of T  was marginally higher and showing 2

an rising trend (Table 2). During the postpartum period, the 
allowance of concentrate mixture in T  group was 2

enhanced increasingly but the significantly higher milk 
yield in T  group leading to higher body tissue loss may 2

have nullified the effect of challenge feeding on their BCS. 
The result obtained in the present study is in agreement 
with the previous studies carried out by Khan et al. (2004), 
Samanc et al. (2010) and Mithuna et al. (2015).

Production performance

 The mean daily milk yield of cows in T  group was 2

significantly (P<0.05) higher than T  group (Table 3). The 1

milk yield was also increased significantly (P<0.05) in all 
the weeks. Cows fed with challenge diet in this study might 
be the reason for positive energy balance in pre-partum as 
well as in postpartum period as compared with control (T ) 1

group of cows and this might be resulted in their 
significantly higher average daily milk yield. The positive 
effect on milk yield was due to challenge feeding as 
reported by Singh et al. (2003), Khan et al. (2004), Das et 
al. (2007) and Gillah et al. (2014).

Table 4. Economics of challenge feeding in Gir cows

Parameters Control (T ) Treatment (T ) Difference1 2

Milk yield (kg/day) 6.43 8.52 2.09

Milk yield/cow/day (L) 6.24 8.27 2.03

Milk sold @ Rs.40/L 249.60 330.80 81.2

Concentrate consumed 4.64 7.23 2.59
(kg/cow)

Cost of concentrate 90.48 140.98 50.50
consumed/cow @ Rs.19.5/kg

Total income/cow/day (Rs.) 159.12 189.82 30.70

Increase in net profit/cow/ - 30.70 -
day (Rs.)

Increase in net profit/cow/ - 9210 -
year (Rs.)
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Figs.1-13. (1) The interior of rumen showing ruminal papilla (RP). (2) The interior of reticulum showing reticular cell (RC) and reticular wall (RW) with papilla (P). (3) The interior 
of omasum showing  omasal lamina (L) with papilla (P). (4) Photomicrograph of rumen showing stratified squamous epithelium (E), lamina propria (LP), sub mucosa (SM), inner 
muscular layer (IM), outer muscular layer (OM) and serosa (S) containing blood vessel (BV). MTS x 40; (5) Photomicrograph of rumen showing tall tongue shaped papilla (T) and short 
filliform (F) and conical papilla (C) with Epithelium (E), Lamina propria (LP), Submucosa (SM), Blood vessel (BV) and tunica muscularis (M). MTS x 100; (6) Photomicrograph 
of rumen showing stratified squamous epithelium with stratum Basale (B), Stratum spinosum (S), Stratum granulosum (G), Stratum corneum (C) and Stratum lucium (L) Lamina 
propria (LP) Submucosa (SM) Blood vessel (BV). H&E x 400; (7) Photomicrograph of rumen showing papilla with epithelium (E), Lamina Propria (LP), Blood vessel (BV), 
Submucosa (SM) and Tunica muscularis (M). MTS x 100; (8) Photomicrograph of reticulum showing conical and fungiform papillae of various size with stratified squamous 
epithelium (E), muscularis mucosa (MM) separating lamina propria (LP) and submucosa (SM) containing blood vessel (BV). MTS x 40; (9) Photomicrograph of reticulum showing 
stratified squamous epithelium with stratum Basale (B), Stratum spinosum (S), Stratum granulosum (G), Stratum corneum (C) and Stratum lucium (L). Epithelial peg (EP), 
Lamina propria (LP). H & E x 400; (10) Photomicrograph of reticulum showing large fungiform papilla with secondary papilla covered by epithelium (E), lamina propria (LP), 
muscularis mucosa (MM), tunica submucosa (SM), tunica muscularis (M). H & E x 100; (11) Photomicrograph of omasum showing lamina (L) getting separated from the basal 
layer (B), epithelium (E), lamina propria (LP), muscularis mucosa (MM), tunica muscularis (M). H & E x 100; (12) Photomicrograph of omasum showing epithelium (E), lamina 
propria (LP) on both side of the lamina, muscularis mucosa (MM) with thin layer of submucosa (SM) in between them. MTS x 100; (13) Photomicrograph of omasum showing stratified 
squamous epithelium with stratum Basale (B), Stratum spinosum (S), Stratum granulosum (G), Stratum corneum (C) and Stratum lucium (L). Lamina propria (LP) MTS x 400
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cells containing large ovoid nucleus with prominent 
nucleolus as stated by Eurell and Frappier (2006) in 
domestic ruminants. Stratum spinosum layer contained 
polyhedral cells with round to oval shaped nuclei showing 
the presence of mitotic figures. Similar results were also 
mentioned by Eurell and Frappier (2006) in domestic 
ruminants. This layer was 3-5 cell layer thickness. This 
layer was covered with 5-7 layers of stratum granulosum 
with cuboidal cells with centrally located large round 
nucleus which was in line with the reports of Eurell and 
Frappier (2006) in domestic ruminants. Some dark-blue 
coloured pointed granules were noticed in the cytoplasm 
of the cells of this layer, stained by Haematoxylin and 
Eosin stains which were believed to be keratohyalin 
granules as reported by Eurell and Frappier (2006) and 
Ghosh (2013) in domestic ruminants. This layer was 
covered by the layer of stratum lucidum with 7-8 layers 
with few elongated nucleated eosinophilic cells and many 
elongated non-nucleated cells. The Stratum corneum layer 
was thick homogenous cytoplasm, contained occasional 
elongated nucleated cellsas stated by Eurell and Frappier 
(2006) in domestic ruminants.

 The epithelial layer rested on the lamina propia 
layer. In the lamina propria, the papilla invaginated into it 
forming the epithelial pegs and further branched into it to 
form multiple finger-like projection (Fig. 9). Muscularis 
mucosa layer varied in thickness at various section of 
reticulum. It was found as cluster of bundles of muscle 
fibres on large papilla at its centre of the papilla (Fig. 10). 
Similar observation was reported by Poonia et al. (2011) in 
sheep and Al-Araji and Dhyaa (2018) in Gazelle. But this 
finding is in opposition to that of Sulthana et al. (2021) in 
sheep where they mentioned that the lamina muscularis of 
reticulum was present in the tip of the papilla along with 
lamina propria. In this present study, muscularis mucosa 
was observed as a bundle of smooth muscle fibres of 
various thickness, separated the layer of lamina propria 
from submucosa. Smooth muscle fibres in this layer were 
found separated by loose connective tissue which 
contained few numbers of small blood vessels and these 
fibres were responsible for the contraction of reticular 
papilla during and rumination and digestion as suggested 
by Al-Araji and Dhyaa (2018) in Gazelle. The submucosa 
layer was composed of loose connective tissue with 
collagen fibres, large and small blood vessels and 
connective tissue cells as reported by Eurell and Frappier 
(2006) in domestic ruminants. The submucosa layer rested 
on tunica muscularis layer. The tunica muscularis layer 
was composed of two layers of smooth muscle fibres in 
oblique direction and almost perpendicular to each other. 
This finding is in contrary to the observation of Poonia et 

al. (2011) in sheep where they mentioned the presence of 
three smooth muscle layers in tunica muscularis namely 
outer longitudinal, inner circular and middle oblique layer. 
The tunica muscularis was covered by tunica serosa. 
Tunica serosa was composed of loose connective tissue 
with adipocytes as reported by Poonia et al. (2011) in 
sheep.

 Histologically, the omasum in the present study was 
found with two parts namely basal layer and omasal lamina. 
Both lamina and the basal layer were lined by keratinised 
stratified squamous epithelium as reported by Al-Araji and 
Dhyaa (2018) in Gazelle and Poonia et al. (2012) in sheep. 
The lamina was branched off from the basal layer (Fig. 11). 
The lamina was again branched into papilla like structures 
and was helpful in omasal functions like crushing the food 
particles so that they could easily pass on to the abomasums. 
The basal layer was composed of four layers namely tunica 
mucosa, tunica submucosa, tunica muscularis, tunica serosa, 
while the omasal lamina was composed of only two layers 
namely tunica mucosa and tunica submucosa (Fig. 12).

 Tunica mucosa was based by a single layer of stratum 
basale containing elongated columnar cells with oval nucleus 
containing many mitotic figures. The stratum basale was 
covered by stratum spinosum of rhomboid cells with round 
nucleus with the presence of hallow around the nucleus. 
This layer was 3-5 cell layers thick (Fig. 13). This finding 
is in contrary to the finding of Ghosh (2013) in domestic 
ruminants where he reported that the stratum spinosum 
was 1-10 cell layers thick.  This layer was covered by layer 
of stratum granulosum of 3-4 cells thick whereas Ghosh 
(2013) in domestic ruminants found that the stratum spinosum 
was 1-3 cell layer thick. Stratum granulosum was enclosed 
by stratum lucidum layer by tightly packed cells with few 
cells containing slender elongated nucleus. This layer was 
covered with layer of stratum corneum. Similar finding 
was reported by Ghosh (2013) in domestic ruminants.

 The omasal epithelium was rested on thin layer of 
lamina propria. The lamina propria layer was composed of 
loose connective tissue containing loosely arranged 
collagen fibres, fibrocytes, many blood vessels and lymphatic 
vessels as documented by Poonia et al. (2012) in sheep. It 
was observed that the smooth muscle fibres of the 
muscularis mucosa layer ran parallel to the length of the 
lamina (Fig. 13). Similar findings were reported by Poonia 
et al. (2011) in sheep. Butthis finding is in contrary to 
observation of Al-Araji and Dhyaa (2018) in Gazelle in 
which they reported that the muscularis mucosa was 
intermingled within the lamina propria and such 
intermingling was not observed in the present study. The 
muscularis mucosa was present on either side of the laminae 
(Fig. 12). Similar observation was reported by Eurell and 
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync

1 22

Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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 Haemorrhagic pneumonia was observed in 7 (8.97%) 
cases of the total affected lungs. About a similar incidence 
of 3.33% was recorded by Ferdausi et al. (2008). Grossly, 
the affected lungs showed patchy hemorrhagic lesions of 
various sizes and congestion. Microscopic results are in 
close approximation with the findings of Dutta et al. 
(2007b), who found that the pulmonary blood vessels were 
heavily congested, alveolar, bronchiole and bronchiolar 
lumina were filled with erythrocytes along with few 
neutrophils and some amount of serous fluid (Fig. 4). 
Bronchointerstitial pneumonia was noticed in 5 (6.41%) 
cases of the total affected lungs. Higher incidence (8.33%) 
was reported by Lavanya et al. (2011). Grossly, the lungs 
were heavy, edematous, reddened, consolidated throughout 
in a lobular pattern and failed to collapse when thethorax 
was opened. Microscopically, the presence of both bronchiolar 
and diffuse alveolar damage with desquamation of 
epithelium in the bronchi and influx of neutrophils into the 
alveolar lumen along with type II pneumocytes lining the 
alveoli were noticed (Fig. 5). Catarrhal pneumonia 
wasobserved in 4 (5.12%) cases of the total affected lungs. 
A higher incidence (44.64%) was reported by Sarradell et 
al. (2003). Grossly, the involved lungs are solid, appearing 
bluish red or greyish-yellow. Pressure on the cut surface 
revealed turbid fluid. Microscopically, it produced sero-
cellular exudate along with infiltration of mononuclear 
cells in alveolar tissue. Previous reports indicated that both 
gross and microscopically lesions were described under 
this catarrhal pneumonia by Cappuccio et al. (2018).

 Suppurative pneumoniawas found in 3 (3.54%) 
cases of the total affected lungs. About similar incidences 
of 3.41% were recorded by Dutta et al. (2007a) who found 
that the affected portions of lungs were consolidated 
having a diffuse area of irregularly raised grayish white 
mustard seeds to pea-sized abscesses. In the previous 
studies, the lobular pattern of distribution of consolidation 
was observed in suppurative pneumonia by Jubb et al. 
(2007) and reddish grey consolidation with purulent 
exudate and abscesses were described by Sadana et al. 
(1975) in suppurative pneumonia of pigs.

CONCLUSION

 The present investigation had been concluded that 
the bronchopneumonia in pigs was reported in highest per 
cent followed by interstitial, hemorrhagic, bronco-
interstitial, catarrhal and suppurative pneumonia. Almost 
all the gross and microscopic observations were in close 
conformity with the findings of earlier workers reported 
elsewhere.
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ABSTRACT

 In the present investigation, a total of 384 specimens of the lungs of pigs were investigated for pneumonic pathological conditions. During this 
period, sample of lungs of pigs suspected of pneumonia were examined irrespective of age, sex and breed in Bikaner and Jaipur, Rajasthan. Out of 
these 385 specimens, 78 pneumonic condition were observed grossly. These were further processed for histopathological examination to find various 
pneumonic pathological conditions. Bronchopneumonia was reported in highest per centage followed by interstitial, haemorrhagic, 
bronchointerstitial, catarrhal and suppurativepneumonia.

Keywords: Bronchopneumonia, Histopathologicalconditions, Pathological conditions, Pig
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 The pigs with high prolificacy, efficient mothering 
ability, rapid growth, most economical feed conversion 
efficiency, shorter gestation period and high dressing 
percentage (65-80) are rated as one of the best meat 
producing animals in world. In India, the current goal for 
the pig industry is to produce high-quality lean meat at a 
low cost, which will play an essential role in improving the 
socio-economic status of pig rearing farmers (Das and 
Bujarbaruah, 2005). Respiratory diseases are major health 
problems in growing swine worldwide including India. 
Moreover, the establishment of secondary infections in 
these animals and the increase in the treatment costs and 
death of animals are additional economic losses (Ostanello 
et al., 2007). A wide range of pneumonic pathological 
conditions are common in the pig lungs such as bronchoint-
erstitial pneumonia, bronchopneumonia, haemorrhagic 
pneumonia, interstitial pneumonia, suppurative pneumonia 
and catarrhal pneumonia (Gidey et al., 2014). In Rajasthan, 
very few efforts have been made to study the occurrence of 
various pathological conditions in the lungs of pigs. Therefore, 
it becomes pertinent to study the lung’s affections in pigs.

MATERIAL AND METHODS

 The materials for the present study consisted of 
tissue samples of lungs collected from various 
slaughterhouses and from private piggery farms located in 
and around the Bikaner and Jaipur districts of Rajasthan. A 
total of 385 pigs of either sex or different age groups were 
examined in detail and lung samples were collected for the 
study. During slaughter, the samples were thoroughly 
examined grossly for alterations in morphology, shape, 
size, colour, consistency, location and presence of a cyst, 
tumor and, abscess, etc., lesions in the individual part of 

the lungs.Tissue pieces from portions of the lungs were 
collected in 10% buffered formalin for histopathological 
examination. The samples were processed by routine 
paraffin embedding using the acetone and benzene 
technique (Lillie, 1965), and sections of 4-5 micron 
thickness were cut and stained by Harris Hematoxylin and 
Eosin method (Luna, 1968). These were further proceeded 
for histopathological examination.

RESULTS AND DISCUSSION

 The present study was carried out from November 
2017 to November 2018. During this period, a total 
number of 385 specimens of lungs of pigswere collected 
from various slaughterhouses and private piggery farms. 
Out of these specimens, 78 lungs were suspected of 
pneumonia grossly. These were further processed for 
histopathological examination to find various pathological 
conditions. An overall incidence of various pneumonic 
pathological conditions inlungs of pigs was reported as 
20.25 % cases. The details of lung conditions in pig are 
depicted in Table 1.

 In the present study, 78 (20.25%) cases of pneumonia 
were observed out of 385 pig lungs examined. A various 
surveys carried out on lung lesions in pigs by earlier 
authors showed variation in the incidence of pneumonia 
and was reported as 61.71% (Lavanya et al., 2011) and 
3.87% (Sreevidya, 2017). These findings indicated wide 
variation in the incidence of pneumonia in pigs in India and 
other countries. The higher incidence of pneumonia 
recorded in the present study compared to the incidences 
reported previously in India might be due to variation in 
the age, location, season, managemental practices and 
causes of pneumonia.
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 Bronchopneumonia was recorded in 39 cases (50%) 
of the total pneumonic lungs. However, a higher incidence 
of 71.7% was recorded by Rajao et al. (2013). Grossly, the 
affected lungs revealed the patchy to diffuse area of 
consolidation in apical, cardiac and anterior parts of the 
diaphragmatic lobes (Fig. 1), which agrees with the finding 
of Rao et al. (2001). Microscopically, bronchitis was seen 

as the primary lesion. The lumen of the bronchi and 
bronchioles were obliterated partially and completely with 
exudates comprising polymorphonuclears, mononuclear’s 
and denuded bronchiolar cells and mucous along with 
emphysema and hemorrhages (Fig. 2). Interstitial pneumonia 
was observed in 20 (20%) cases. A higher incidence of 
33.3% was recorded by Dutta et al. (2007) and Comparatively 
lower incidence of 7% was recorded by Lavanya et al. 
(2011). Grossly pale, heavy and firm lungs having elastic 
or rubbery texture with consolidation distributed in all the 
lobes were noticed. Microscopically, findingsof alveoli 
were distorted in shape and the alveolar septa were 
thickened and infiltrated by mononuclear cells (Fig. 3).
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Fig. 1. Gross photograph of lung showing bronchopneumonia

Fig. 4. Microphotograph of lungs showing haemorrhagic pneumonia 
(H& E, 100X).

Fig. 2. Microphotograph showing bronchopneumonia stain.....

Fig. 5. Microphotograph of lungs showing broncho-interstitial 
pneumonia (H& E, 100X).

Fig. 3. Microphotograph of lungs showing interstitial pneumonia (H& 
E, 100X).

Table 1. Various conditions in the lungs of a pig

Sr. No. Type of disease/condition No. of Percentage
  cases

a. Bronchopneumonia 39 50%

b. Interstitial pneumonia 20 25.64%

c. Haemorrhagic pneumonia 7 8.97%

d. Bronchointerstitial pneumonia 5 6.41%

e. Catarrhal pneumonia 4 5.12%

f. Suppurative / Purulent pneumonia 3 3.84%
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 Cattle are extremely important in India’s animal 
husbandry sector, providing livelihood to millions of rural 
people. Indigenous cattle, which make up roughly 79% of 
the overall cow population according to the 19th Livestock 
Census, have 43 recognised breeds dispersed across the 
country. Hariana is one of the most prominent dual-
purpose cow breeds in India, having been bred and raised 
in the northwest region. With an average milk yield of 997 
kg and the maximum recorded milk yield of 1,745 kg, 
Hariana is the most important cattle breed in Haryana 
known for their amazing endurance in hot tropical 
climates, tolerance to tropical diseases, and inexpensive 
maintenance costs. Hariana breed has recently gained 
popularity because of presence of the A2 allele in milk, 
which is thought to be beneficial to human health (Mishra 
et al., 2009). The present study was conducted in order to 
observe the basic histoarchitecture of teat in Hariana cattle 
in order to establish a baseline to detect intramammary 
infections in them.

MATERIALS AND METHODS

 Tissue samples were collected from base, mid and 
tip of teat from the indigenous Hariana cattle immediately 
after death. After fixation and routine processing, the 
paraffin sections of 5-6 µm thickness were stained with 
haematoxylin and eosin to observe histomorphological 
details (Luna, 1968). Special stains were used to observe 
collagen fibres (Masson’s trichrome), elastic fibres 
(Verhoeff’s method) and reticular fibres (Gridley’s method). 
Different histochemical moieties were demonstrated by 

using Periodic Acid Schiff (PAS) and Alcian blue (AB) for 
neutral mucopolysaccharides and acid mucopolysacc-
harides, respectively (Sheehan and Hrapchak, 1973), and 
Bromophenol blue for basic proteins (Chayen et al., 1969). 
The photomicrographs were taken with digital microscope, 
and Image J software was used to measure the thickness of 
teat canal epithelium and teat skin epidermis.

RESULTS AND DISCUSSION

 The outer wall of teat was made up skin and the 
internal duct system was formed from proximal to distal 
aspect by annular folds, teat cistern, Furstenberg’s rosette 
and teat canal.

Teat skin: The epidermis was consisted of different layers 
viz; stratum corneum, granulosum, spinosum and basale. 
The epidermis projected into the dermis forming the 
epidermal pegs which were blunt and flattened at base of 
teat but elongated and pointed at mid region and tip of teat 
(Fig. 1A). The dermal papillae projected into the epidermal 
pegs and which contained connective tissue, blood vessels 
and nerves in order to provide nutrition and innervation to 
the epidermis as also reported by Debbarma et al. (2017) in 
the buffalo skin. The epidermal pegs were divided by rete 
pegs into primary and secondary papillae and were present 
more at the tip region to provide strength and firmness to 
teat tip as noticed by Sumena et al. (2010) in pigs. Similar 
findings were observed in the skin of cattle, goat and 
spotted deer by Nagaraju et al. (2012).

 The stratum corneum, outermost layer (Fig. 1A), 
was thickestat tip followed by mid and base of the teat skin 

ABSTRACT

 The present work was undertaken to explore histomorphological and histochemical details of teat in indigenous cattle of Hariana breed. The 
results revealed that the epidermis projected into the dermis forming the epidermal papillae and rete pegs, which were blunt and flattened at base of 
teat but elongated and pointed at mid region and tip of teat. The skin at tip region was found to be the thickest followed by mid region and base regions 
of the teat. The teat skin and teat canal epithelium were lined by stratified squamous keratinized epithelium. The teat skin contained greater number of 
melanocytes than Langerhans cells, but the teat canal epithelium had Marksaulchen cells which decreased in size and number towards the lumen. The 
epidermis showed weak to moderate PAS reaction, whereas the dermis showed moderate PAS reaction but a weak PAS-AB and basic protein 
reactions in both the layers. The teat cistern was made up of double layered cuboidal epithelium and the sub-epithelial stroma consisted of loose 
connective tissue with smooth muscle fibres, nerve fibres and blood vessels along with accessory lactiferous glands. The lining epithelium of teat 
cistern and lactiferous glands showed moderate PAS and weak to moderate PAS-AB reactions. However, the reaction of basic protein was strong. The 
teat sphincter had circular and longitudinally oriented smooth muscle fibres along with large amount of collagen and few elastic and reticular fibres.
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and was strongly eosinophilic with flattened, non-
nucleated, keratinized cells as described by Bhattacharya 
et al. (2003) in non-descript buffalo. The stratum 
granulosum layer was thicker at tip of teat region and 
contained 1-2 layers of squamous cells which had flat 
nucleus (Fig. 1A). Keratohyaline granules were present in 
these cells which produce keratin at the tip and teat canal. 
These findings are in accordance with Nararaju et al. 
(2012) and Sumena et al. (2010) who reported similar 
observations in buffalo skin. The stratum spinosum had 2-
3 layers at base, 4 layers at mid and 6 layers at tip region of 
teat consisting of polyhedral cells with spherical nucleus 
which had melanin granules that prevented the ultraviolet 
rays from penetrating the skin (Fig. 1A). The stratum 
basale contained large number of brown staining 
pigmented cells as melanocytes which were more at the tip 
region (Fig. 1A). Similar findings were reported by 
Debbarma et al. (2017) according to them these cells 
helped to tolerate high heat, photosensitization and 
sunburns. Non pigmented cells in the stratum basale were 
Langerhans cells with clear cytoplasm and reniform 
nucleus which were more at tip region and were 
responsible for the uptake of exogenous antigens that 
caused teat infections. These cells played role in defence 
mechanism of teat by acting as antigen detectors.

 The micrometrical data revealed that the thickness at 
tip of teat skin was 453 ± 9.38 µm while at the mid and base 
was 397.59 µm ± 7.53 and 283.67 ± 5.98 µm, respectively. 
The tip region was found to be the thickest followed by mid 
and base regions of the teat. The thickness of teat canal 
epithelium was 342.53 ± 8.97 µm, while diameter of lumen 
of teat canal was 976.01± 15.19 µm. Similarly, Kumar 
(1990) observed the thickness of teat canal in cattle as 
327.25 ± 5.91 µm and in buffalo 357.19 ± 4.80 µm.

 The dermis was consisted of smooth muscle fibres, 
blood vessels, nerves and dense irregular connective tissue 
in the teat skin, however hair follicles, sebaceous and 
sweat glands were found in base part of teat (Fig. 1A). The 
epidermis layer showed weak to moderate PAS reaction 
while PAS-AB and Basic proteins showed weak reaction. 
The dermis showed moderate PAS but a weak PAS-AB and 
basic protein reactions.

Internal Duct system: It was comprised of annular fold, 
teat cistern, Furstenberg’s rosette and teat canal.

Annular fold: It was very thick and located at the junction 
of teat and gland cistern making a clear-cut demarcation 
between them. The cranial portion of the annular fold was 
gland cistern lined by single layer of cuboidal epithelium 
which became double layer at places where as, teat cistern 
was present caudal to the annular fold and was lined by 

double layered cuboidal to columnar epithelium. The 
lining epithelium of annular fold was stratified cuboidal 
type in present study (Fig. 1B).

Teat cistern: The teat cistern was lined by stratified 
cuboidal to columnar epithelium. The cistern showed 
keratinized epithelium along with numerous longitudinal 
and circular mucosal folding at the base of teat. Double 
layer stratified squamous epithelium lined the teat cistern 
in mid part of teat and had more mucosal folding. Similar 
findings were observed by Paul et al. (2013) in teat cistern 
of desi and crossbred cattle. The greater number of 
mucosal folds in the teat cistern may be responsible to hold 
less amount of milk in the teat cistern (Paul et al., 2013). 
The sub epithelial stroma of teat cistern consisted of loose 
connective tissue with muscle fibres and blood vessels 
along with coiled tubular glands called accessory 
lactiferous glands (Fig. 1B, C, D) which were located in 
the mid, base and Furstenberg’s rosette region of teat 
cistern. The lining epithelium of teat cistern and lactiferous 
glands showed moderate PAS and weak to moderate PAS-
AB reaction however, the activity of basic protein reaction 
was strong in teat stroma and weak to moderate in 
lactiferous glands and teat sinus epithelium (Fig. 1E, F).

Furstenberg’s rosette: The Furstenberg’s rosette (FR) 
was present between the junction of teat cistern and teat 
canal and had 10-14 mucosal folds (Fig 1C). Similar 
findings were reported by Patel et al. (2007) and Nickerson 
and Pankey (1983) in FR  of bovines. The subepithelial 
connective tissue contained abundant of collagen fibres 
with few reticular and elastic fibres , smooth muscle fibres 
and nerve fibres along with, polymorphonuclear cells 
(PMN), monocytes, mast cells and plasma cells. The FR 
region also contained aggregations of lympho-reticular 
tissue which played an important role in the antibody 
production by forming a barrier between bacteria and 
epithelium (Nickerson and Pankey, 1983).

Teat canal: The teat canal was lined by stratified 
squamous keratinized epithelium which continued 
proximally as double layered stratified non keratinized 
type in the FR and teat epidermis distally. The teat canal 
epithelium consisted of single layer stratum basale, 2-4 
layers of stratum spinosum and 7-8 layers of stratus 
granulosum. Outermost layer was stratum corneum which 
was keratinized and more prominent in the non lactating 
animals as it was responsible for the keratin formation 
(Fig. 2A). Rete ridges (not shown in the figures) were 
finger like projections arising from teat canal epithelium, 
which were longer and pointed in non lactating animals but 
blunt and wider in lactating animals. Vesicular 
components known as Marksaulchen cells (not shown in 
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Fig. 2. (A) Teat canal of HR showing teat canal lumen (L), epithelium (Epi), teat sphincter(TS).  Hematoxylin and Eosin X 100; (B) Teat canal (L), 
Collagen fibers (Cf) in HR.Masson’s trichrome X 40; (C) Reticular fibers in teat canal epithelium and sphincter of HR.  Gridley’s X 200; (D) Elastic 
fibers (Ef) in teat canal epithelium and sphincter of HR. Verhoeff”s X 100; (E) Elastic fibers in blood vessels of teat stroma of HR. Verhoeff”s X 200; (F) Basic 
protein in teat stroma of HR. Bromophenol blue X 100

Fig. 1. (A) Epidermis (E), Dermis (D), sweat glands (Swg), Epidermal pegs (Ep), Dermal pegs (Dp), Melanocytes (M), Stratum basale (Sb), Stratum 
spinosum (Ss), Stratum granulosum (Sg), Stratum corneum (Sc) of mid teat skin of Hairana (HR) . Hematoxylin and Eosin X 100: (B) Cross-sectional 
view of base of teat showing thick annular fold (AF) and lactiferous glands (Lg) in HR.  Hematoxylin and Eosin X 100; (C) Furstenberg’s rosette (FR) 
and lactiferous glands (Lg) in HR. Hematoxylin and Eosin X 100; (D) Lactiferous glands (Lg) of HR. Hematoxylin and Eosin X 200; (E) Neutral 
mucopolysaccharides in Lactiferous glands in HR. Periodic acid Schiff X 100; (F) Basic protein in lactiferous glands of HR. Bromophenol blue X 100

figures) were present in teat canal epithelium whose size 
and number decreased towards the lumen of teat canal and 
were more in the lactating cows than non lactating ones. 
The teat canal epithelium showed weak to moderate PAS 

and Basic protein activity while the PAS AB reaction was 
negligible to weak. The basement membrane showed 
strong reaction for PAS AB. The thickness of the teat canal 
epithelium was 342.53 ± 8.97 µm in Hariana cows. Also 
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dany et al. (2019) had reported that the cross bred cows had 
thicker teat canal epithelium than the Jenubi cows and this 
could be responsible for the improved milk production and 
quality in crossbred cows. The luminal diameter of teat 
canal was 976.01± 15.19 µm.

 The sub epithelial portion was fibromuscular type 
contained smooth muscle fibres, abundant collagen fibres 
with few reticular and elastic fibres (Fig. 2B, C, D). Large 
number of blood vessel and nerves helped in tight closure 
of teat canal thereby lowering risk of intra mammary 
infections. The nerve bundles in increased number at the 
mid and tip regions was responsible for hormonal-nerve 
stimulation during suckling and milking of the animal 
(Ferdowsi et al., 2017). The teat sphincter had circular and 
longitudinally oriented smooth muscle fibres along with 
more elastic fibres compared to collagen and reticular 
fibres (Fig. 2D, 2E), indicated its musculo-elastic nature. 
Van der Merwe, (1985) explained that the elastic fibres 
caused passive closure of teat canal while smooth muscle 
fibres were responsible for contractile action. The teat 
stroma showed moderate PAS, PAS-AB and Bronophenol 
bene reaction but the reactions were stronger in teat sphincter 
(Fig. 2F).

 It was concluded that maximum thickness of 
epidermis at tip of teat plays an important role in defence 
mechanism of teat. The highly keratinized stratum 
corneum of teat canal in the non-lactating animals may be 
responsible for the formation of keratin plug.
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 Gestational age estimation in sheep provides their 
owners valuable information that aids in the late gestation 
management as lamb survival is an important factor 
affecting the sheep profitability (Ekiz et al., 2005). 
Ultrasonographic fetometry allows not only estimation of 
fetal age but also determination of sex and measurement of 
number of foetuses carried, assessment of vitality of fetus 
and diagnosis of pregnancy disorders which would be 
useful for specific clinical management or research 
applications. Numerous researchers used transrectal or 
transabdominal B mode ultrasonography to predict 
gestational age by means of fetal measurements in small 
ruminants (Frank et al., 1982; Ali and Hayder, 2007). 
Various embryonic/fetal parameters have been studied so 
far for estimating gestational age. However, the most 
practical measurements of fetal structures are embryonic 
vesicle, crown rump length, fetal head diameters, 
placentome size (Karen et al., 2001). One of the important 
limitation of estimation of gestational age using fetal 
parameters is their accessibility throughout the gestation 
(Airina et al., 2011).  The crown rump length (CRL) and 
embryonic vesicle diameter (EVD) were accessible only 
during the first trimester of gestation,  however regarded 
as an important conformational parameters and can be 
done in relatively early stage of gestation than the other 

parameters (Petrujkic et al., 2016). Hence the present 
study was undertaken to establish correlation and 
construct prediction equations for embryonic parameters 
in Nellore brown ewes.

MATERIALS AND METHODS

 Nellore Brown ewes (n=20) aged 1-4 years reared 
under semi-intensive conditions and fed with greens, 
concentrates and adlib fresh water and salt licks were 
selected for the study.

Estrus Synchronization protocol: The ewes were 
subjected to short term estrus synchronization protocol of 
seven days using indigenous vaginal progesterone sponges 
(Avikesil-S® ICAR-CSWRI, Avikanagar, Rajasthan) 
containing 350 mg of natural progesterone and 300 IU of 
PMSG (Folligon®, Intervet International, Boxmeer, 

Netherlands) and 75 µg of PGF  (Cloprostenol; Pragma®, 2
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Intas Pharmaceutica Limited, Matoda, Ahmedabad) intra 
muscularly at sponge withdrawal.

Breeding of the synchronized ewes: Upon sponge 
withdrawal the synchronized ewes were kept with a ram, 
color painted (mixture of glycerin and dye) and mating 
marks were recorded both morning and evening for three 
days. Each day ram was replaced with a new one with 
changed color paint at brisket region. The next day of 
receiving last mating mark was treated as day 1 or start of 
pregnancy.

Procedure followed for ultrasonography: Transabdominal 
ultrasonography was conducted using a real time B mode 
scanning (ALOKA SSD 500, Aloka co Ltd, Japan) 
equipped with 5 MHz convex transducer on mated ewes. 
Serial ultrasonographic examinations were carried out on 
weekly basis starting from day 8 of mating. Once the 
pregnancy was confirmed, the scanning was continued 
weekly and embryonic vesicle diameter and crown rump 
lengths were identified and images were frozen, saved and 
measured with built in electronic calipers.

Embryonic vesicle diameter (EVD): The largest 
diameter of the gestational sac was chosen as the measure 
of EVD between gestational days 22 to 64 (Fig. 1).

Crown rump length(CRL): The CRL was measured as a 
straight line between fetal crown and origin of the tail 
when the fetus was fully extended between gestational 
days 29 to 64 (Fig. 2).

Field test: The ewes were randomly subjected to 
ultrasound scanning in farmers’ flocks in villages and EVD 
and CRL were measured in ten and nine pregnant ewes, 
respectively. The gestational age was estimated using the 
regression equations generated in experimental animals. 
The lambing dates were obtained from farmers and 
gestational age was calculated retrospectively taking the 
average gestation length as 148 days.

Data analysis: The relationship of gestational age with 
EVD and CRL was plotted as linear regression and the 
gestational age (GA; days) was the independent variable 

(y)  and EVD and CRL (cm) being the dependent variable 
(x), a 5% level of significance was used using statistical 
packages for social sciences (SPSS) version 20. In the field 
test, Mean square errors method used to compare fetal 
parameters.

RESULTS AND DISCUSSION

 The EVD was detectable from day 22 till the end of 
parturition, however measurable from day 22 until day 64. 
The EVD was measured between days 12 to 65 in ewes and 
does by various researchers (Airina et al., 2011; Petrujkic 
et al., 2016; Santos et al., 2018, Devi et al., 2019; Haq et 
al., 2020). Haq et al. (2020) reported non-detectability of 
amniotic vesicle diameter 65 days post mating. In contrast, 

thSantos et al. (2018) stated that at 7  week of gestation itself 
gestational vesicle could no longer be measured due to 
increase in fetal size. These variations of duration of 
measurements might be due to method of ultrasonography 
used to measure gestational vesicle and rapid 
accumulations of fetal fluids making uterus too large to be 
accurately measured.

 On day 22 in 40 per cent of animals (8/20) EVD 
could be measured and in others could not identified until 
Day 29. On day 64 in 55 per cent of animals (11/20) EVD 
could be measured and in rest exceeded the ultra sound 
screen. High positive correlation (r=0.9497) (p<0.05) was 
obtained between EVD and GA and regression equation 
was generated (Fig. 3). These findings were in agreement 
with Petrujkic et al. (2016) and Haq et al. (2020), however, 

2Santos et al. (2018) reported lower correlation R  = 0.689 
and r= 0.76, respectively. This could be due to the 
difficulties to visualize the entire transverse or 
longitudinal images, accessibility of the sac, number of 
days in gestation measured, method of ultrasound used and 
breed of ewe studied. Santos et al. (2018) generated 
prediction equation as GW=3.1+0.1×GV where GW is 
gestational week and GV is gestational vesicle in Santa Inn 
sheep. Haq et al. (2020) had given regression equation as 
y=1.7383x-27.79 where y is EVD in mm and x is 
gestational age in days in Beetal goats.

Table 1. Range and Mean (±SE) of EVD and CRL of fetus during pregnancy in Nellore Brown ewes

Gestational age EVD (Mean± SE) Range (Min-Max) CRL (Mean± SE) Range (Min-Max)
a22 1.48±0.14  0.9-2.3 -
a a29 2.22 ±0.16  1.2-3.6 1.26±0.13  0.5-1.9
b a36 3.49 ±0.17  2.4-4.9 2.19 ±0.20  1.0-3.6
c b43 4.67 ±0.15  3.6-5.9 4.03 ±0.18  2.7-5
d c50 5.79 ±0.17  4.3-6.6 5.93 ±0.36  4.5-7.7
d d57 6.77 ±0.19  4.6-8.0 7.70 ±0.25  5.2-8.6
e e64 8.73 ±0.27  7.6-10.6 9.28 ±0.27  8.2-10.3

*Means with different superscripts differ significantly (P<0.05) within columns
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Fig. 1. EVD measured in Nellore Brown ewes

Fig. 3. Scatter plot and linear regression line of EVD and GA in Nellore 
Brown ewes

Fig. 5. Validation of EVD measurements under field conditions

Fig. 4. Scatter plot and linear regression line of Crown Rump Length 
and gestational age in Nellore Brown ewes

Fig. 6. Validation of CRL measurements under field conditions

Fig. 2. Crown rump length measured in Nellore Brown ewes

 The CRL was detectable from day 22 till day 71 
however, was measurable between days 29 to days 64 and 
exceeded the ultrasound screen limits after that.

 In the present study, the chance to access CRL 
during the gestational period between 29 and 64 was 62% 
(74/120) and 38% of CRL observations were inaccessible 
either due to immeasurable embryo (day 29) or fetus 
exceeding of screen of ultrasound (day 64). The 
accessibility of various fetal parts for scanning depends on 
the method of scanning. Transabdominal scanning was 

much inferior to that of the transrectal in the early 
pregnancy.

 A high positive correlation was established 
(r=0.9573) between CRL and GA and regression equation 
was generated (Fig. 4). These results were in accordance 
with Abdelghafar et al. (2011), Kuru et al. (2018) and Haq 
et al. (2020), however, Metodiev et al. (2012) and Santos et 
al. (2018) reported lower correlation and Abubakar et al. 
(2016) reported a slightly higher correlation than this 
study. These discrepancies could be explained by 

146

difference in breeds of sheep, intervals between 
consecutive scanning between studies difficulty in 
acquiring high quality images due to fetal size, position 
and movements and inaccurate measurement of the CRL 
(Abubakar et al., 2016). Abubakar et al. (2016) developed 
regression equation in Jamnapari goats between day 37 -72 
gestational age as y=18.776+0.606x where y is gestational 
age and x is CRL. Santos et al. (2018) expressed the 
relationship as GW = 2.65+0.11×CR where GW is 
gestational week and CR is CRL in Santa Inn ewes. 
Abubakar et al. (2016) opined that CRL is the best 
predictor of GA however Santos et al. (2018) considered 
CRL as less accurate to estimate GA.

Validation of prediction equations in the field: A field 
test was conducted on ewes in surrounding villages for GA 
estimation and EVD was measured in 10 pregnant ewes 
and CRL was measured in nine pregnant ewes. The 
regression equation established for EVD and CRL was 
used to predict the GA. For linear relationship 30 (3/10) 
and 100 (10/10) per cent of pregnant ewes delivered within 
±7 and ±14 days of expected parturition dates, respectively 
(Fig. 5) for EVD and 55.5 (5/9) and 100 (9/9) per cent of 
pregnant ewes delivered within ±7 and ±12 days of 
expected lambing dates, respectively (Fig. 6). The high 
correlation established in this study for EVD was justified 
in the field study by recording 100 per cent of parturitions 
within ±14 days of expected parturition dates. Estimation 
of GA was more accurate during early pregnancy since the 
values obtained in latter gestation were also affected by the 
individual characteristics of the fetus. Godfrey et al. 
(2010) validated the accuracy of regression equation 
developed for CRL in ewes by scanning a set of ewes 
(n=51) with known breeding dates. There is much scope to 
extend the study to more number of ewes in field to solidify 
the relationship between the GA and embryonic 
parameters.

CONCLUSION

 It could be concluded that the embryonic parameters 
studies in the present study were well correlated and 
validated with gestational age in early pregnancy. Further 
research is required to define the significance of these 
equations in the field conditions.
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 S. aureus is a common bacterium that has been 
recognized as a challenge in both human and veterinary 
medicine (Bissong and Ateba, 2020). The pathogen is also 
associated with food poisoning in human, staphylococcal 
scaled skin syndrome (SSSS), operative wound infections, 
inflammation of lungs (pneumonia), nosocomial 
bacteremia in human, clinical and subclinical mastitis in 
bovine (Torres et al., 2019). S. aureus produces a wide 
range of virulence factors like toxic shock syndrome toxin-
1 (TSST-1), staphylococcal enterotoxin (SE), Panton-
Valentine Leukocidin (PVL) (Hoque et al., 2018). The 
other important virulence factor of S. aureus is its ability to 
form biofilm in vivo which greatly influence its 
pathogenicity (Andrade et al., 2021). The biofilm 
producing bacteria exhibit high resistance to disinfectants, 
antibiotics and host immune system clearance (Hait et al., 
2021). Biofilms reduce the effectiveness of treatments and 
increase morbidity, mortality and health care cost 
(Akindolire et al., 2015). The biofilm forming ability of 
the isolates can be characterized by phenotypic methods, 
i.e., CRA, TM and TCP methods and genotypic 
characterization can be performed by screening of biofilm 
forming genes (Panda et al., 2016). Maintenance of quality 
milk production by developing countries like India is a 
major problem and is due to lack of efficient hygienic 

techniques for milking, storing of milk and maintaining 
herd conditions (Singh et al., 2022). Thus, colonization of 
dairy herd and subsequent contamination of raw milk by S. 
aureus, especially biofilm producing and MDR remains an 
important issue for both the dairy producer and public 
health. Keeping this in view, the present investigation was 
undertaken to undertake the detection of biofilm forming 
S. aureus from mastitic milk.

MATERIALS AND METHODS

Collection of milk sample

 A total of 56 raw milk samples were collected from 
cows exhibiting the symptoms of mastitis residing in dairy 
farms and gaushalas of Mathura region of Uttar Pradesh. 
Milk samples were taken after cleaning the teat with 70% 
ethyl alcohol and brought to laboratory under refrigeration 
and processed immediately.

Screening of samples for detection of clinical mastitis

 California Mastitis Test (CMT) was used for 
screening of clinical mastitis samples as per method 
described by Schalm et al. (1971) with slight 
modifications. The CMT was conducted to diagnose the 
presence of clinical mastitis as per Shitandi and Kihumbu 
(2004). The result was scored based on the gel formation 
and categorized as negative if there was no gel formation 
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and positive, if there was gel formation ranging from +1 to 
+3. The mastitic milk samples that showed reactivity in 
CMT were considered as positive for clinical mastitis.

Isolation and identification of S. aureus

 Milk samples were processed for isolation of S. 
aureus as per standard bacteriological procedure given by 
Kou et al. (2021) with slight modifications. Baired parker 
and Mannitol Salt Agar were used for isolation of S. aureus 
and biochemically confirmed as per the method described 
by Barrow and Feltham (1993).

Molecular detection of S. aureus isolates

 Biochemically confirmed staphylococci were 
further confirmed for S. aureus by using species specific 
primer targeting nuc gene of S. aureus by using PCR. The 
sequence of forward and reverse primer for nuc gene was 
( 5 ' G C G AT T G AT G G T G G ATA C G G T T 3 ’ a n d 
3 ’ A G C C A A G C C T T G A C G A A C TA A A G C 5 ’ ) , 
respectively. The DNA extraction of bacterial isolates was 
done by Gene JET Genomic DNA purification kit. The nuc 
gene was targated as per method given by Brakstad et al. 
(1992).  The DNA amplification was carried out using the 
thermal cycling profile consisted of an initial denaturation 
at 940 C for 5 min, 37 cycles of 94º C for 60s, 55º C for 30s 
and 72º C for 90s, with a final step at 72º C for 5 min. The 
resulting PCR products were analyzed in agarose gel 
electrophoresis as described by Sambrook and Russel 
(2001) size of resulted amplicon was 267 bp.

Biofilm production

 The S. aureus isolates were subjected to observe the 
biofilm forming capacity in vitro by Congo Red Agar 
(CRA) Assay, Tube Method (TM) and Tissue Culture Plate 
(TCP) methods as described by Mathur et al. (2006). 
Briefly, in TCP method individual wells of flat bottom 
polystyrene plates were filled with 0.2 ml of the diluted 
cultures and plates were incubated for 24 hours at 37° C. 
Further, plates were washed 4 times with 0.2 ml of PBS 
(sessile organisms in plate were fixed with sodium acetate 
(2%) for half an hour and stained with crystal violet (0.1% 
w/v) for half an hour. The OD values less than 0.120 were 
considered as non adherence and weak biofilm former 
while mean OD values 0.120-0.24 showed moderate 
adherence and moderate biofilm former while OD>- 0.240 
showed strong adherence and categorized as strong 
biofilm former.

Antibiotic Sensitivity Test (ABST)

 Antimicrobial susceptibility of the isolates was 
determined by disc diffusion Bauer-Kirby (1959) method 
as recommended by clinical and laboratory standards 
institute (CLSI, 2016) and interpreted as susceptible, 

intermediate and resistant. A total of 18 antibiotics 
comprising of different antimicrobial classes, commonly 
used in the dairy farms were selected in this study (Table 
1). S. aureus ATCC 25923 were used as control strain. The 
100 µl of culture broth of each isolate was inoculated on 
Muller Hinton Agar plate and spread evenly by using 
sterilized cotton swabs, the plates were kept upright for an 
hour so that the culture gets absorbed onto the plates 
evenly. Antibiotic discs were placed on Mueller Hinton 
Agar and the plates were incubated at 37º C for 24 hours 
and the zone of inhibition surrounding the antibiotic discs 
was measured with the scale.

RESULTS AND DISCUSSION

Screening of samples for mastitis

 A total of 56 samples collected from cows with 
symptoms of mastitis were screened for mastitis by CMT. 
All the samples showed gel formation within a few 
seconds, so 100% samples were found positive for 
mastitis. In studies of Hoque et al. (2018), 73.3% were 
positive by CMT that are slightly lesser in relation to our 
findings, while Pati and Mukherjee (2016) reported 
42.75% positivity that was much lower than the present 
findings.

Phenotypic and genotypic identification of S. aureus

 A total of 33 milk samples produced jet black 
coloured colonies on Baird-Parker Agar and yellow 
coloured colonies on nutrient agar and 29 isolates 
produced yellow coloured colonies on Mannitol Salt Agar 
surrounded by yellow zone were identified as S. aureus. 
All the isolates were biochemically confirmed by IMViC 
and also found positive for catalase and coagulase test. 
Occurrence of Staphylococcus spp. and S. aureus from 
various dairy farms and gaushalas are depicted in Table 2. 
In raw milk taken from mastitic cows, occurrence of S. 
aurues was 51.78% and this prevalence value was similar 
to 47.20% reported in China (Wang et al., 2018). From the 
clinical and subclinical mastitic milk, isolation rate of S. 
aureus was 61.36% and 75.40% from India and 
Newzealand, respectively, which were quite higher to 
current study (Bhattachcharya et al., 2016; Notcovich et 
al., 2018). Overall, our data indicates that S. aureus is 
common and frequently detected in raw milk of dairy cows 
with mastitis in Brij region of Mathura. S. aureus 
contaminates many sources of raw milk which are usually 
related to mastitis or human carrier. Difference in 
prevalence is largely due to differences in the type of 
livestock breeding system, animal species, milking 
method and the surrounding environment conditions.

 In the current study, all the phenotypically 
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characterized S. aurues were nuc gene bearer, thus this 
house keeping gene was 100.00% prevalent. In the various 
studies, researchers revealed 100.0%, 85.55% and 85.24% 
nuc genes in S. aurues isolated from mastitic milk in India 
and abroad Bhattacharya et al. (2016); Wang et al. (2018), 
Pati and Mukherjee (2016), respectively.

Biofilm production

 The twenty nine isolated S. aureus were analysed for 
biofilm formation by three described methods CRA, TM 
and TCP. On the basis of these assays, the isolates were 
categorized as strong, moderate and weak biofilm formers 
and results are depicted in Table 3. In CRA method, 
27.59% S. aureus produced black colour colonies on CRA 
and found positive, while rest of the isolates produced red 
colour colonies and were negative for CRA. In tube 
method, biofilm forming isolates were produced slime 
either on bottom or wall or at both the sites of test tube and 
86.20% were found positive by tube method. In TCP assay, 
65.51% were strong biofilm former with more than 0.240 

OD values, 31.03% were moderate biofilm producer, 
while 13.79% isolates showed OD values less than 0.120 
and categorized as weak biofilm producer with overall 
prevalence of 96.55% biofilm former by TCP.  The OD 
was measured at wavelength of 570 nm by using ELISA 
microplate reader.

 In current study, mastitic milk revealed with high 

prevalence of biofilm forming S. aureus 96.55%, 86.20%, 

27.59% by TCP, TM and CRA assay. Comparison of 

biofilm assay is mentioned in table 3. In accordance with 

this study 93.4% and 27.17% biofilm forming S. aurues 

were revealed from TCP and CRA assay in mastitis milk 

from New Zealand as reported by Notcovich et al. (2018) 

and from Brazil 98.9% and 85.0%  by the two assays in 

mastitis milk  (Melo et al., 2013). Results of TCP assay are 

quite similar to our study while there is wide variation in 

findings of CRA. The discrepancies in the categorization 

Table 3. Comparison of Biofilm Assays (TCP, TM & CRA)

S. aureus Biofilm Tissue Tube Congo Red
isolates formation Culture Method Agar Assay
  Plate Assay (TM) (%) (CRA) (%)
  (TCP) (%)

n=29 Strong 65.51 48.28 27.59
  (19/29) (14/29) (08/29)

 Moderate 31.03 37.93 -
  (09/29) (11/29)

 Weak/none 3.45 13.79 72.41
  (01/29) (04/29) (21/29)

 Total Biofilm 96.55 86.20 27.59
 former (Strong (28/29) (25/29) (08/29)
 + Moderate)

Table 2. Occurrence of S. aureus in mastitic milk and presence of nuc gene

S.N. Place of Collection No of Samples Prevalence of Prevalence of Prevalence of nuc
   Staphylococcus S.  aureus (%) gene in S.  aureus
   spp. (%)  (%)

1  Dairy Farm 1 8 62.50 (5/8) 50.0 (4/8) 100.0 (4/4)

2  Dairy Farm 2 8 62.50 (5/8) 50.0 (4/8) 100.0 (4/4)

3 Gaushala 1 8 50.0 (4/8) 50.0 (4/8) 100.0 (4/4)

4 Gaushala 2 8 75.0 (6/8) 62.50 (5/8) 100.0 (5/5)

5 Gaushala 3 8 50.0 (4/8) 50.0 (4/8) 100.0 (4/4)

6 Gaushala 4 8 62.50 (5/8) 50.0 (4/8) 100.0 (4/4)

7 Gaushala 5 8 50.0 (4/8) 50.0 (4/8) 100.0 (4/4)

 Total 56 58.92% (33/56) 51.78% (29/56)   100.00% (29/29)

Table 1. Detail of Antibiotic discs used in antibiotyping

S.N.  Antibiotic groups Name of Antibiotics Abbrev- Concent-
   iation ration (µg)

1  - Lactams i. Oxacillin OX 1

  ii. Methicillin MET 5
  iii. Ampicillin+ A/S 10
  Sulbactam
2 Cephalosporins iv. Cefoxitin CX 30
  v.  Ceftriaxone CTR 30
  vi. Ceftazidime CAZ 30
  vii. Cefotaxime CTX 30
3 Macrolides viii. Erythromycin E 15
4 Carbapenems ix. Imipenem IPM 10
5 Glycopeptides x. Vancomycin VA 30
6 Aminoglycosides xi. Gentamicin GE 10
  xii. Streptomycin S 10
7 Amphenicols xiii. Chloramphenicol C 30
8 Quinolones xiv. Oflxacin OF 5
  xv. Ciprofloxacin CIP 50
  xvi. Levofloxacin LE 5
9 Oxazolidinones xvii Linizolid LZ 30
10 Tetracyclines xviii. Tetracycline TE 10

of biofilm phenotypes could result from differences in the 

interpretation of results. Therefore, standardizing the 

method and interpretation of biofilm forming is crucial 

(Atshan and Shamsudin, 2011).
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Antibiotic Sensitivity Test (ABST)

 Strong biofilm forming S. aureus were subjected for 
Antibiotic Sensitivity Test (ABST) and high resistance was 
shown against oxacillin (73.68%), methicillin (52.63%), 
ofloxacin (52.63%) and ciprofloxacin (47.36%). The high 
sensitivity was shown against cefoxitin (94.73%), ceftazidime 
(84.21%), vancomycin (84.21%), imipenem (78.94%), 
streptomycin (78.99%) and gentamicin (73.68%). The results 
of this study are similar with findings of previous antibiotic 
studies on various types of milk, as oxacillin was 60-100% 
and 70.0% resistant in study of Akindolire et al. (2015) and 
Naseer et al. (2021), respectively, and 44.47% ofloxacin 
resistant isolates revealed in study of Sharma et al. (2015). 
In accordance to this study, cefoxitin was found 100.0% 
and 80% sensitive in the study of Marques et al. (2017) and 
Naseer et al. (2021), respectively.  A total of 42.10% (8/19) 
strong biofilm former S. aurues were multi drug resistant, 
showing resistant to three or more than 3 class of antibiotics 
mainly for Penicillins, Quinolones and Macrolides.  These 
biofilm forming MDR strain of S. aureus in mastitic milk 
could be a potential source of antibiotic resistant determinants 
in environment, animal and human population.

CONCLUSIONS

 Biofilm forming attribute of S. aureus make it more 
virulent by increasing adhesiveness on surfaces and that 
surface continuously act as source of infection in raw milk. 
Thus, the presence of potential biofilm-producing 
antibiotic-resistant S. aureus in milk intended for human 
consumption may be cause of severe health risk for human. 
Consequently, there is a need to enhance control measures, 
especially in the dairy sector, to curb the spread of 
pathogenic S. aureus and to limit the use of antibiotics. 
Further studies are required to elucidate other factors that 
are indulged in biofilm formation.
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 The Gir cattle is one of the important indigenous 
dairy type breed of Saurashtra region of Gujarat. This 
breed is well known for its better heat tolerance capacity 
and resistant to various tropical diseases (Gajbhiye et al., 
2016; Patbandha et al., 2020). With a population of 
13,80,208 in the country, it contributes significantly to 
total milk production of the country. Owing to its unique 
traits, it is also used for grading up of various non-descript 
cows in India.

 In developing countries, more than 70 % of the 
expenditure in dairy farming is contributed for the feeding 
of animals (Singh et al., 2022). Challenge feeding is an 
accepted concentrate feeding system to increase milk 
production in dairy animals. In this system, concentrates 
are introduced to the animals in their last several weeks of 
pregnancy and initial phase of lactation. The amount is 
gradually increased as lactation progresses until no further 
response in milk yield. This system enables the animal to 
express their milk production as close to their genetic 
potential.

 The period from two months (especially last 3 weeks) 
pre-calving to two months post calving which includes the 
transition period is the most stressful period in the annual 
cycle of dairy cow (Grummer, 1995). This period is very 
important for the animals to augment body reserves to 

meet the demands of growing fetus and to avoid negative 
energy balance peripartum. Under feeding during this 
period could lead to low birth weight of calf. Thus, it is 
necessary that milch animals must be judiciously and 
adequately fed during this period to produce maximum 
milk production with minimum health problems and to 
increase the income of farmers. The theory behind 
challenge feeding is feeding a higher plane of nutrition to 
milch animals during last phase of dry period and in the 
early postpartum period (Dann et al., 2006). Suboptimal 
transition from dry period to lactation can decrease total 
milk production, reproductive performance and the profit 
potential of dairy animals.

 Considering the above points, the present experiment 
was planned with the aim of achieving better production 
performance in Gir cows through challenge feeding.

MATERIALS AND METHODS

 The present experiment was conducted at Cattle 
Breeding Farm, Junagadh Agricultural University, 
Junagadh, Gujarat (India) during August- 2018 to January- 
2019. Average rainfall of this region is 1200 mm. The 
temperature and relative humidity remained between 12.8 
°C to 37.4 °C and 46 to 52%, respectively.

Selection of experimental animals and feeding schedule

 Sixteen advanced pregnant Gir cows were selected 
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group. The mean BCS also did not differ significantly between T  and T  groups during pre-partum and postpartum period. The overall daily milk 2 1

yield per animal was significantly (P<0.05) higher along with significant (P<0.05) increase in peak milk yield in T  group as compared to T  group. 2 1

The T  group of cows generated an additional income of Rs. 30.70/cow/day and Rs. 9210/cow/year at market price of milk (Rs. 40/L). It was 2

concluded that the practice of challenge feeding during early lactation in Gir cows improved production performance without affecting body 
condition score and was found to be economical.
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20 days prior to their expected due date of calving and 
divided randomly into 2 groups (8 animals in each), 
control (T ) and treatment (T ), based on their parity, body 1 2

weight and milk yield of previous lactation to maintain 
homogeneity among the experimental animals (Table 1). 
The present study was conducted for a period of 20 days 
pre-partum to 60 days postpartum (total 80 days).

Housing and management

 All the experimental animals were maintained under 
uniform housing conditions. Each animal was allotted an 
individual pen with ample space, proper ventilation and 
drainage, soft bedding and watering facilities. The animals 
let loose for two hours in the morning for exercise.

Feeding and milking management

 Digestible crude protein (DCP) and total digestible 
nutrient (TDN) requirements were calculated according to 
the body weight and milk production as per ICAR feeding 
standard (2013). Adjustment in nutritional allowances 
were made keeping in view of body weight and milk 
production every fortnight. Animals in treatment group 
were provided a graded increase in concentrate ration daily 
100 g both during the pre-partum and post-partum phase 
(maximum limit-10 kg). Experimental animals were 
offered individually with seasonal green fodder (maize) 
soilage @10 kg/cow/day. Dry fodder (mature pasture grass 
hay) was offered ad lib to all the animals. Daily concentrate 
allowance consisted of ISI grade-I cattle feed (dan), cotton 
seed cake and ground maize. They were mixed and divided 
into two equal portions and offered to the animals morning 
and evening. All the animals were provided 30 g of mineral 
mixture daily.

 The animals were milked twice a day by hand 
milking method allowing the calf to suckle the dam. Milk 
samples were collected at weekly interval from each cow 
for milk composition analysis. There was daily recording 
of feed offered and leftover collected individually for each 
animal to calculate DM intake. Body weight of all the 
animals recorded on start of experiment (day 0) and 
weekly interval thereafter.

Body condition score

 Body condition score (BCS) was done by using a 
five point scale body condition scoring method from 1 
(thin) to 5 (fatty) at increment of 0.25 (Ferguson et al., 
1994). The animals were scored on the first day of 
induction to the experiment and then at weekly interval.

Statistical analysis

 Data obtained from the experiment were analyzed as 
per Snedecor and Cochran (1994) by using the t-test. The 
difference was considered statistically significant if the p-
value was < 0.05.

Table 3. Effect of challenge feeding on production performance 
of Gir cows

Parameters Control (T ) Treatment (T ) P value1 2

Postpartum
a bMilk yield (kg/day) 6.43 ±0.16 8.52 ±0.42 0.0003
a bPeak yield (kg/day) 8.54 ±0.40 11.66 ±0.58 0.0005

Days to attain peak yield (d) 29.00±0.87 36.25±4.72 0.10

Milk fat (%) 3.98±0.07 4.06±0.09 0.65

Milk SNF (%) 8.66±0.11 8.97±0.10 0.052

Milk lactose (%) 4.48±0.08 4.63±0.13 0.33

Milk protein (%) 3.16±0.04 3.17±0.05 0.83

Milk total ash (%) 0.78±0.01 0.75±0.01 0.02

Milk total solids (%) 11.72±0.20 13.04±0.25 0.33

*Means with different superscript in a row differ significantly (P<0.05)

Table 2. Effect of challenge feeding on dry matter intake 
(DMI) in Gir cows.

Parameters Control (T ) Treatment (T ) P value1 2

Pre-partum

Body weight (kg) 443.46±06.65 431.64±05.49 0.24

Total DM intake (kg) 9.20±0.40 9.47±0.30 0.324

DM intake/100 kg BW 2.09±0.11 2.21±0.08 0.46
0.75DM intake g/kg BW  95.80±4.84 100.34±3.61 0.49

Body condition score 3.39±0.05 3.47±0.07 0.37

Postpartum
a bBody weight (kg) 397.50 ±02.18 407.22 ±02.76 0.01

a bTotal DM intake (kg) 10.75 ±0.11 12.95 ±0.056 0.0018
a bDM intake/100 kg BW 2.73 ±0.04 3.20 ±0.12 0.002

0.75 a bDM intake g/kg BW  121.63 ±1.65 146.36 ±5.56 0.002

Body condition score 3.41±0.04 3.50±0.02 0.053

*Means with different superscript in a row differ significantly (P<0.05)

Table 1. Feeding schedule of experimental animals

Particulars Control group (T ) Treatment group (T )1 2

Pre-partum period

20 days before calving Dry fodder -ad lib. Dry fodder -ad lib.
 Seasonal green-10 kg Seasonal green -10 kg
 Concentrate - As per
 ICAR feeding standard
 (2013) Concentrate - As per
  ICAR feeding standard
  (2013) + increasing
  100 g per day

Postpartum period

Calving to 60 days Dry fodder-ad lib. Dry fodder - ad lib.
postpartum Seasonal green-10 kg Seasonal green-10 kg
 Concentrate-As per Concentrate - As per
 ICAR feeding ICAR feeding
 standard (2013) standard (2013) +
  increasing 100 g per
  day (Maximum limit of
  total concentrate-10 kg)

RESULTS AND DISCUSSION

DM intake

 The mean DMI during pre-partum period was 
9.20±0.40 and 9.47±0.30 kg/cow/day in T  and T  groups, 1 2
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 Milk composition parameters like fat, SNF, lactose, 
protein, total solids and ash were found similar in both the 
groups (Table 3). Das et al. (2007) also observed the 
similar results. Contrary to the present study, Singh et al. 
(2003) reported that animals kept on higher feeding levels 
had better milk fat content than animals kept on lower 
feeding level.

Peak yield

 There was significantly (P<0.05) increased peak 
milk yield in T  group (11.66±0.58 kg/day) as compared to 2

T  group (8.54±0.40 kg/day). The higher plane of nutrition 1

during pre-partum and postpartum phase of the 
experimental periods may have provided the necessary 
impetus to the animals of T  group. These findings are in 2

agreement with Singh et al. (2003). Contrary to the above, 
Das et al. (2007) reported non-significant response to peak 
yield in spite of higher plane of nutrition.

Economics

 The total milk yield obtained per cow per day of T  1

and T  groups during first 60 days of lactation was 6.24 and 2

8.27 kg, respectively (Table 4). Since, milk was sold on the 
basis of fat percent and selling price was taken into account 
as Rs. 40/litre, amount received from sale of milk was Rs. 
249.60 and Rs. 330.80 in T  and T  groups, respectively. 1 2

Total concentrate mixture consumed during postpartum 
period was 4.64 and 7.23 kg/cow/day in T  and T  groups, 1 2

respectively. The cost of concentrate (@ Rs.19.50/kg) 
per/cow/day was Rs. 90.48 and Rs. 140.98 in T  and T  1 2

groups, respectively. Increase in net profit was Rs. 
30.70/cow/day in T  group as compared to T  group. 2 1

Considering 300 days of lactation, the farmer got 
additional economic benefit of Rs. 9210 per cow/year.

CONCLUSION

 It was concluded that the practice of challenge 
feeding during early lactation in Gir cows improved 
production performance without affecting body condition 
score and was also economically beneficial.

respectively (Table 2). The results showed that the overall 
total DM intake (kg/day), DM intake/100 kg body weight 
and metabolic body weight during pre-partum period had 
no significant difference between two groups. These 
results are in agreement with earlier researchers (Panigrahi 
et al.,2005; Bindal, 2012) who did not find any significant 
effect of pre-partum supplementation of extra amount of 
concentrate on crossbred cows. The mean DM intake in 
Gir cows during postpartum period was 10.75±0.11 and 
12.95±0.05 kg/cow/day in T  and T  groups, respectively 1 2

(Table 2). The results revealed that the mean daily dry 
matter intake of T  group was significantly (P<0.05) higher 2

than T  group during the postpartum period.1

 The overall mean of DMI per 100 kg BW in T  and T  1 2

groups were 2.73±0.04 and 3.20±0.12 kg during the 
postpartum period, respectively, which was significantly 
higher in T  as compared to T  group (Table 2). Similarly, 2 1

DM intake/kg BW0.75 was also significantly higher in T  2

as compared to T  group during the postpartum period. 1

This might be due to increase concentrate level in 
challenge feeding. The present results are in agreement 
with Bindal (2012) and Kamboj et al. (2016) who found 
increased DM intake during postpartum phase in crossbred 
cows by supplementation of concentrate in increasing 
levels.

Body condition score (BCS)

 The weekly body condition score of both control and 
treatment groups did not differ significantly during the pre- 
and postpartum period though the mean pre- and 
postpartum BCS of T  was marginally higher and showing 2

an rising trend (Table 2). During the postpartum period, the 
allowance of concentrate mixture in T  group was 2

enhanced increasingly but the significantly higher milk 
yield in T  group leading to higher body tissue loss may 2

have nullified the effect of challenge feeding on their BCS. 
The result obtained in the present study is in agreement 
with the previous studies carried out by Khan et al. (2004), 
Samanc et al. (2010) and Mithuna et al. (2015).

Production performance

 The mean daily milk yield of cows in T  group was 2

significantly (P<0.05) higher than T  group (Table 3). The 1

milk yield was also increased significantly (P<0.05) in all 
the weeks. Cows fed with challenge diet in this study might 
be the reason for positive energy balance in pre-partum as 
well as in postpartum period as compared with control (T ) 1

group of cows and this might be resulted in their 
significantly higher average daily milk yield. The positive 
effect on milk yield was due to challenge feeding as 
reported by Singh et al. (2003), Khan et al. (2004), Das et 
al. (2007) and Gillah et al. (2014).

Table 4. Economics of challenge feeding in Gir cows

Parameters Control (T ) Treatment (T ) Difference1 2

Milk yield (kg/day) 6.43 8.52 2.09

Milk yield/cow/day (L) 6.24 8.27 2.03

Milk sold @ Rs.40/L 249.60 330.80 81.2

Concentrate consumed 4.64 7.23 2.59
(kg/cow)

Cost of concentrate 90.48 140.98 50.50
consumed/cow @ Rs.19.5/kg

Total income/cow/day (Rs.) 159.12 189.82 30.70

Increase in net profit/cow/ - 30.70 -
day (Rs.)

Increase in net profit/cow/ - 9210 -
year (Rs.)

155

feeding and milk production performance in crossbred cows. 
Ind. J. Anim. Nutri. 33(3): 285-289.

Khan, M.A.A., Islam, M.N., Khan, M.A.S. and Akbar, M.A. (2004). Effects 
of feeding high and low energy levels during late pregnancy on 
performance of crossbred dairy cows and their calves. Asian-
Australian J. Anim. Sci. 17(7): 947-953.

Mithuna, K.V., Veeranna, K.C., Ruban, S.W., Ramachandra, B., 
Appannavar, M.M. and Surangi, M.D. (2015). Effect of prepartum 
supplementation on certain characteristics of dam and calf in 
local buffaloes under mixed farming system. Buffalo Bull. 
34(3): 339-345.

Panigrahi, B., Pandey, H.N. and Patnaik, A.K. (2005). Effect of prepartum 
feeding of crossbred cows on growth performance, metabolic 
profile and immune status of calves. Asian-Australian J. Anim. 
Sci. 18(5): 661-666.

Patbandha, T.K., Sabapara, G.P., Savaliya, B.D., Dash, S.K., Parikh, 
S.S. and Ali, M. (2020). Physical characteristics and production 
performance of Gir cattle in India. Int. J. Livest. Res. 10(8): 1-11.

Raval, A.P., Sorathiya, L.M., Katariya, M.A., Kharadi, V.B., Patel, V.R., 
Patel, N.B. and Parmar, A.B. (2019). Effect of challenge feeding 
on production performance of Surti buffaloes. Int. J. Livest. Res. 
9(7): 164-170.

Samanc, H., Kirovski, D., Adamovic, M., Vujanac, I., Prodanovic, R., Nikic, 
D., Radivojevic, M. and Tulcan, C. (2010). Effect of administering 
energy supplement in feed on body condition and performance 
of high-yield dairy cows. Veterinarski Glasnik. 64(3-4): 197-206.

Singh, J., Singh, B., Wadhwa, M. and Bakshi, M.P.S. (2003). Effect of 
level of feeding on the performance of crossbred cows during 
pre-and postpartum periods. Asian-Australian J. Anim. Sci. 
16(12): 1749-1754.

Singh, N., Kahate, P.A. and Shelke, R.R. (2022). Economic impact of 
challenge feeding on milk production of crossbred cows. J. 
Anim. Res. 12(1): 93-98.

thSnedecor, G.W. and Cochran, W.G. (1994). Statistical Methods. (7  
Edn.), Iowa State University Press, Ames, IA., USA.

ACKNOWLEDGEMENTS

 The authors express their sincere gratitude to 
Director and Vice Chancellor, Junagadh Agricultural 
University, Junagadh for providing facilities under which 
the present experiment was carried out.

REFERENCES

Bindal, S. (2012). Effect of challenge feeding on performance and 
economics of milk production of crossbred cows. Ph.D. Thesis 
submitted to National Dairy Research Institute Karnal, Haryana, 
India.

Dann, H.M., Litherland, N.B., Underwood, J.P., Bionaz, M., D’Angelo, 
A., McFaden, J.W. and Drackley, J.K. (2006). Diets during far-
off and closeup dry periods affects periparturient metabolism 
and lactation in multiparous cows. J. Dairy Sci. 89(9): 3563-
3577.

Das, K.S., Das, N. and Ravikumar, G.V.P.P. (2007). Effect of ‘steaming-
up’ on subsequent production in dairy cows. Ind. J. Anim. Sci. 
77: 583-585.

Ferguson, J.D., Galligan, D.T. and Thomsen, N. (1994). Principal 
descriptors of body condition scoring chart for Holstein dairy 
cows. J. Dairy Sci. 77(9): 2695-2703.

Gajbhiye, P.U., Gadariya, M.R., Ahlawat, A.R. and Dongre, V.B. (2016). 
Present status and future prospects of Gir cow. Indian J. Anim. 
Sci. 86(5): 553-558.

Gillah, K.A., Kifaro, G.C. and Madsen, J. (2014). Effects of pre partum 
supplementation on milk yield, reproduction and milk quality of 
crossbred dairy cows raised in a peri urban farm of Morogoro 
town Tanzania. Livest. Res. Rural Dev. 26(1): 786-793.

Grummer, R.R. (1995). Impact of changes in organic nutrient metabolism 
on feeding the transition dairy cows. J. Anim. Sci. 73(9): 2820-
2833.

ICAR (2013). Nutritional requirements of cattle and buffalo. Indian 
Council of Agricultural Research, New Delhi, India.

Kamboj, M.L., Mengistu, R.A., Bindal, S. and Datt, C. (2016). Challenge 



120

Figs.1-13. (1) The interior of rumen showing ruminal papilla (RP). (2) The interior of reticulum showing reticular cell (RC) and reticular wall (RW) with papilla (P). (3) The interior 
of omasum showing  omasal lamina (L) with papilla (P). (4) Photomicrograph of rumen showing stratified squamous epithelium (E), lamina propria (LP), sub mucosa (SM), inner 
muscular layer (IM), outer muscular layer (OM) and serosa (S) containing blood vessel (BV). MTS x 40; (5) Photomicrograph of rumen showing tall tongue shaped papilla (T) and short 
filliform (F) and conical papilla (C) with Epithelium (E), Lamina propria (LP), Submucosa (SM), Blood vessel (BV) and tunica muscularis (M). MTS x 100; (6) Photomicrograph 
of rumen showing stratified squamous epithelium with stratum Basale (B), Stratum spinosum (S), Stratum granulosum (G), Stratum corneum (C) and Stratum lucium (L) Lamina 
propria (LP) Submucosa (SM) Blood vessel (BV). H&E x 400; (7) Photomicrograph of rumen showing papilla with epithelium (E), Lamina Propria (LP), Blood vessel (BV), 
Submucosa (SM) and Tunica muscularis (M). MTS x 100; (8) Photomicrograph of reticulum showing conical and fungiform papillae of various size with stratified squamous 
epithelium (E), muscularis mucosa (MM) separating lamina propria (LP) and submucosa (SM) containing blood vessel (BV). MTS x 40; (9) Photomicrograph of reticulum showing 
stratified squamous epithelium with stratum Basale (B), Stratum spinosum (S), Stratum granulosum (G), Stratum corneum (C) and Stratum lucium (L). Epithelial peg (EP), 
Lamina propria (LP). H & E x 400; (10) Photomicrograph of reticulum showing large fungiform papilla with secondary papilla covered by epithelium (E), lamina propria (LP), 
muscularis mucosa (MM), tunica submucosa (SM), tunica muscularis (M). H & E x 100; (11) Photomicrograph of omasum showing lamina (L) getting separated from the basal 
layer (B), epithelium (E), lamina propria (LP), muscularis mucosa (MM), tunica muscularis (M). H & E x 100; (12) Photomicrograph of omasum showing epithelium (E), lamina 
propria (LP) on both side of the lamina, muscularis mucosa (MM) with thin layer of submucosa (SM) in between them. MTS x 100; (13) Photomicrograph of omasum showing stratified 
squamous epithelium with stratum Basale (B), Stratum spinosum (S), Stratum granulosum (G), Stratum corneum (C) and Stratum lucium (L). Lamina propria (LP) MTS x 400
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cells containing large ovoid nucleus with prominent 
nucleolus as stated by Eurell and Frappier (2006) in 
domestic ruminants. Stratum spinosum layer contained 
polyhedral cells with round to oval shaped nuclei showing 
the presence of mitotic figures. Similar results were also 
mentioned by Eurell and Frappier (2006) in domestic 
ruminants. This layer was 3-5 cell layer thickness. This 
layer was covered with 5-7 layers of stratum granulosum 
with cuboidal cells with centrally located large round 
nucleus which was in line with the reports of Eurell and 
Frappier (2006) in domestic ruminants. Some dark-blue 
coloured pointed granules were noticed in the cytoplasm 
of the cells of this layer, stained by Haematoxylin and 
Eosin stains which were believed to be keratohyalin 
granules as reported by Eurell and Frappier (2006) and 
Ghosh (2013) in domestic ruminants. This layer was 
covered by the layer of stratum lucidum with 7-8 layers 
with few elongated nucleated eosinophilic cells and many 
elongated non-nucleated cells. The Stratum corneum layer 
was thick homogenous cytoplasm, contained occasional 
elongated nucleated cellsas stated by Eurell and Frappier 
(2006) in domestic ruminants.

 The epithelial layer rested on the lamina propia 
layer. In the lamina propria, the papilla invaginated into it 
forming the epithelial pegs and further branched into it to 
form multiple finger-like projection (Fig. 9). Muscularis 
mucosa layer varied in thickness at various section of 
reticulum. It was found as cluster of bundles of muscle 
fibres on large papilla at its centre of the papilla (Fig. 10). 
Similar observation was reported by Poonia et al. (2011) in 
sheep and Al-Araji and Dhyaa (2018) in Gazelle. But this 
finding is in opposition to that of Sulthana et al. (2021) in 
sheep where they mentioned that the lamina muscularis of 
reticulum was present in the tip of the papilla along with 
lamina propria. In this present study, muscularis mucosa 
was observed as a bundle of smooth muscle fibres of 
various thickness, separated the layer of lamina propria 
from submucosa. Smooth muscle fibres in this layer were 
found separated by loose connective tissue which 
contained few numbers of small blood vessels and these 
fibres were responsible for the contraction of reticular 
papilla during and rumination and digestion as suggested 
by Al-Araji and Dhyaa (2018) in Gazelle. The submucosa 
layer was composed of loose connective tissue with 
collagen fibres, large and small blood vessels and 
connective tissue cells as reported by Eurell and Frappier 
(2006) in domestic ruminants. The submucosa layer rested 
on tunica muscularis layer. The tunica muscularis layer 
was composed of two layers of smooth muscle fibres in 
oblique direction and almost perpendicular to each other. 
This finding is in contrary to the observation of Poonia et 

al. (2011) in sheep where they mentioned the presence of 
three smooth muscle layers in tunica muscularis namely 
outer longitudinal, inner circular and middle oblique layer. 
The tunica muscularis was covered by tunica serosa. 
Tunica serosa was composed of loose connective tissue 
with adipocytes as reported by Poonia et al. (2011) in 
sheep.

 Histologically, the omasum in the present study was 
found with two parts namely basal layer and omasal lamina. 
Both lamina and the basal layer were lined by keratinised 
stratified squamous epithelium as reported by Al-Araji and 
Dhyaa (2018) in Gazelle and Poonia et al. (2012) in sheep. 
The lamina was branched off from the basal layer (Fig. 11). 
The lamina was again branched into papilla like structures 
and was helpful in omasal functions like crushing the food 
particles so that they could easily pass on to the abomasums. 
The basal layer was composed of four layers namely tunica 
mucosa, tunica submucosa, tunica muscularis, tunica serosa, 
while the omasal lamina was composed of only two layers 
namely tunica mucosa and tunica submucosa (Fig. 12).

 Tunica mucosa was based by a single layer of stratum 
basale containing elongated columnar cells with oval nucleus 
containing many mitotic figures. The stratum basale was 
covered by stratum spinosum of rhomboid cells with round 
nucleus with the presence of hallow around the nucleus. 
This layer was 3-5 cell layers thick (Fig. 13). This finding 
is in contrary to the finding of Ghosh (2013) in domestic 
ruminants where he reported that the stratum spinosum 
was 1-10 cell layers thick.  This layer was covered by layer 
of stratum granulosum of 3-4 cells thick whereas Ghosh 
(2013) in domestic ruminants found that the stratum spinosum 
was 1-3 cell layer thick. Stratum granulosum was enclosed 
by stratum lucidum layer by tightly packed cells with few 
cells containing slender elongated nucleus. This layer was 
covered with layer of stratum corneum. Similar finding 
was reported by Ghosh (2013) in domestic ruminants.

 The omasal epithelium was rested on thin layer of 
lamina propria. The lamina propria layer was composed of 
loose connective tissue containing loosely arranged 
collagen fibres, fibrocytes, many blood vessels and lymphatic 
vessels as documented by Poonia et al. (2012) in sheep. It 
was observed that the smooth muscle fibres of the 
muscularis mucosa layer ran parallel to the length of the 
lamina (Fig. 13). Similar findings were reported by Poonia 
et al. (2011) in sheep. Butthis finding is in contrary to 
observation of Al-Araji and Dhyaa (2018) in Gazelle in 
which they reported that the muscularis mucosa was 
intermingled within the lamina propria and such 
intermingling was not observed in the present study. The 
muscularis mucosa was present on either side of the laminae 
(Fig. 12). Similar observation was reported by Eurell and 
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync

1 22

Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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 Haemorrhagic pneumonia was observed in 7 (8.97%) 
cases of the total affected lungs. About a similar incidence 
of 3.33% was recorded by Ferdausi et al. (2008). Grossly, 
the affected lungs showed patchy hemorrhagic lesions of 
various sizes and congestion. Microscopic results are in 
close approximation with the findings of Dutta et al. 
(2007b), who found that the pulmonary blood vessels were 
heavily congested, alveolar, bronchiole and bronchiolar 
lumina were filled with erythrocytes along with few 
neutrophils and some amount of serous fluid (Fig. 4). 
Bronchointerstitial pneumonia was noticed in 5 (6.41%) 
cases of the total affected lungs. Higher incidence (8.33%) 
was reported by Lavanya et al. (2011). Grossly, the lungs 
were heavy, edematous, reddened, consolidated throughout 
in a lobular pattern and failed to collapse when thethorax 
was opened. Microscopically, the presence of both bronchiolar 
and diffuse alveolar damage with desquamation of 
epithelium in the bronchi and influx of neutrophils into the 
alveolar lumen along with type II pneumocytes lining the 
alveoli were noticed (Fig. 5). Catarrhal pneumonia 
wasobserved in 4 (5.12%) cases of the total affected lungs. 
A higher incidence (44.64%) was reported by Sarradell et 
al. (2003). Grossly, the involved lungs are solid, appearing 
bluish red or greyish-yellow. Pressure on the cut surface 
revealed turbid fluid. Microscopically, it produced sero-
cellular exudate along with infiltration of mononuclear 
cells in alveolar tissue. Previous reports indicated that both 
gross and microscopically lesions were described under 
this catarrhal pneumonia by Cappuccio et al. (2018).

 Suppurative pneumoniawas found in 3 (3.54%) 
cases of the total affected lungs. About similar incidences 
of 3.41% were recorded by Dutta et al. (2007a) who found 
that the affected portions of lungs were consolidated 
having a diffuse area of irregularly raised grayish white 
mustard seeds to pea-sized abscesses. In the previous 
studies, the lobular pattern of distribution of consolidation 
was observed in suppurative pneumonia by Jubb et al. 
(2007) and reddish grey consolidation with purulent 
exudate and abscesses were described by Sadana et al. 
(1975) in suppurative pneumonia of pigs.

CONCLUSION

 The present investigation had been concluded that 
the bronchopneumonia in pigs was reported in highest per 
cent followed by interstitial, hemorrhagic, bronco-
interstitial, catarrhal and suppurative pneumonia. Almost 
all the gross and microscopic observations were in close 
conformity with the findings of earlier workers reported 
elsewhere.
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ABSTRACT

 In the present investigation, a total of 384 specimens of the lungs of pigs were investigated for pneumonic pathological conditions. During this 
period, sample of lungs of pigs suspected of pneumonia were examined irrespective of age, sex and breed in Bikaner and Jaipur, Rajasthan. Out of 
these 385 specimens, 78 pneumonic condition were observed grossly. These were further processed for histopathological examination to find various 
pneumonic pathological conditions. Bronchopneumonia was reported in highest per centage followed by interstitial, haemorrhagic, 
bronchointerstitial, catarrhal and suppurativepneumonia.
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 The pigs with high prolificacy, efficient mothering 
ability, rapid growth, most economical feed conversion 
efficiency, shorter gestation period and high dressing 
percentage (65-80) are rated as one of the best meat 
producing animals in world. In India, the current goal for 
the pig industry is to produce high-quality lean meat at a 
low cost, which will play an essential role in improving the 
socio-economic status of pig rearing farmers (Das and 
Bujarbaruah, 2005). Respiratory diseases are major health 
problems in growing swine worldwide including India. 
Moreover, the establishment of secondary infections in 
these animals and the increase in the treatment costs and 
death of animals are additional economic losses (Ostanello 
et al., 2007). A wide range of pneumonic pathological 
conditions are common in the pig lungs such as bronchoint-
erstitial pneumonia, bronchopneumonia, haemorrhagic 
pneumonia, interstitial pneumonia, suppurative pneumonia 
and catarrhal pneumonia (Gidey et al., 2014). In Rajasthan, 
very few efforts have been made to study the occurrence of 
various pathological conditions in the lungs of pigs. Therefore, 
it becomes pertinent to study the lung’s affections in pigs.

MATERIAL AND METHODS

 The materials for the present study consisted of 
tissue samples of lungs collected from various 
slaughterhouses and from private piggery farms located in 
and around the Bikaner and Jaipur districts of Rajasthan. A 
total of 385 pigs of either sex or different age groups were 
examined in detail and lung samples were collected for the 
study. During slaughter, the samples were thoroughly 
examined grossly for alterations in morphology, shape, 
size, colour, consistency, location and presence of a cyst, 
tumor and, abscess, etc., lesions in the individual part of 

the lungs.Tissue pieces from portions of the lungs were 
collected in 10% buffered formalin for histopathological 
examination. The samples were processed by routine 
paraffin embedding using the acetone and benzene 
technique (Lillie, 1965), and sections of 4-5 micron 
thickness were cut and stained by Harris Hematoxylin and 
Eosin method (Luna, 1968). These were further proceeded 
for histopathological examination.

RESULTS AND DISCUSSION

 The present study was carried out from November 
2017 to November 2018. During this period, a total 
number of 385 specimens of lungs of pigswere collected 
from various slaughterhouses and private piggery farms. 
Out of these specimens, 78 lungs were suspected of 
pneumonia grossly. These were further processed for 
histopathological examination to find various pathological 
conditions. An overall incidence of various pneumonic 
pathological conditions inlungs of pigs was reported as 
20.25 % cases. The details of lung conditions in pig are 
depicted in Table 1.

 In the present study, 78 (20.25%) cases of pneumonia 
were observed out of 385 pig lungs examined. A various 
surveys carried out on lung lesions in pigs by earlier 
authors showed variation in the incidence of pneumonia 
and was reported as 61.71% (Lavanya et al., 2011) and 
3.87% (Sreevidya, 2017). These findings indicated wide 
variation in the incidence of pneumonia in pigs in India and 
other countries. The higher incidence of pneumonia 
recorded in the present study compared to the incidences 
reported previously in India might be due to variation in 
the age, location, season, managemental practices and 
causes of pneumonia.
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 Bronchopneumonia was recorded in 39 cases (50%) 
of the total pneumonic lungs. However, a higher incidence 
of 71.7% was recorded by Rajao et al. (2013). Grossly, the 
affected lungs revealed the patchy to diffuse area of 
consolidation in apical, cardiac and anterior parts of the 
diaphragmatic lobes (Fig. 1), which agrees with the finding 
of Rao et al. (2001). Microscopically, bronchitis was seen 

as the primary lesion. The lumen of the bronchi and 
bronchioles were obliterated partially and completely with 
exudates comprising polymorphonuclears, mononuclear’s 
and denuded bronchiolar cells and mucous along with 
emphysema and hemorrhages (Fig. 2). Interstitial pneumonia 
was observed in 20 (20%) cases. A higher incidence of 
33.3% was recorded by Dutta et al. (2007) and Comparatively 
lower incidence of 7% was recorded by Lavanya et al. 
(2011). Grossly pale, heavy and firm lungs having elastic 
or rubbery texture with consolidation distributed in all the 
lobes were noticed. Microscopically, findingsof alveoli 
were distorted in shape and the alveolar septa were 
thickened and infiltrated by mononuclear cells (Fig. 3).
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Fig. 1. Gross photograph of lung showing bronchopneumonia

Fig. 4. Microphotograph of lungs showing haemorrhagic pneumonia 
(H& E, 100X).

Fig. 2. Microphotograph showing bronchopneumonia stain.....

Fig. 5. Microphotograph of lungs showing broncho-interstitial 
pneumonia (H& E, 100X).

Fig. 3. Microphotograph of lungs showing interstitial pneumonia (H& 
E, 100X).

Table 1. Various conditions in the lungs of a pig

Sr. No. Type of disease/condition No. of Percentage
  cases

a. Bronchopneumonia 39 50%

b. Interstitial pneumonia 20 25.64%

c. Haemorrhagic pneumonia 7 8.97%

d. Bronchointerstitial pneumonia 5 6.41%

e. Catarrhal pneumonia 4 5.12%

f. Suppurative / Purulent pneumonia 3 3.84%
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 Cattle are extremely important in India’s animal 
husbandry sector, providing livelihood to millions of rural 
people. Indigenous cattle, which make up roughly 79% of 
the overall cow population according to the 19th Livestock 
Census, have 43 recognised breeds dispersed across the 
country. Hariana is one of the most prominent dual-
purpose cow breeds in India, having been bred and raised 
in the northwest region. With an average milk yield of 997 
kg and the maximum recorded milk yield of 1,745 kg, 
Hariana is the most important cattle breed in Haryana 
known for their amazing endurance in hot tropical 
climates, tolerance to tropical diseases, and inexpensive 
maintenance costs. Hariana breed has recently gained 
popularity because of presence of the A2 allele in milk, 
which is thought to be beneficial to human health (Mishra 
et al., 2009). The present study was conducted in order to 
observe the basic histoarchitecture of teat in Hariana cattle 
in order to establish a baseline to detect intramammary 
infections in them.

MATERIALS AND METHODS

 Tissue samples were collected from base, mid and 
tip of teat from the indigenous Hariana cattle immediately 
after death. After fixation and routine processing, the 
paraffin sections of 5-6 µm thickness were stained with 
haematoxylin and eosin to observe histomorphological 
details (Luna, 1968). Special stains were used to observe 
collagen fibres (Masson’s trichrome), elastic fibres 
(Verhoeff’s method) and reticular fibres (Gridley’s method). 
Different histochemical moieties were demonstrated by 

using Periodic Acid Schiff (PAS) and Alcian blue (AB) for 
neutral mucopolysaccharides and acid mucopolysacc-
harides, respectively (Sheehan and Hrapchak, 1973), and 
Bromophenol blue for basic proteins (Chayen et al., 1969). 
The photomicrographs were taken with digital microscope, 
and Image J software was used to measure the thickness of 
teat canal epithelium and teat skin epidermis.

RESULTS AND DISCUSSION

 The outer wall of teat was made up skin and the 
internal duct system was formed from proximal to distal 
aspect by annular folds, teat cistern, Furstenberg’s rosette 
and teat canal.

Teat skin: The epidermis was consisted of different layers 
viz; stratum corneum, granulosum, spinosum and basale. 
The epidermis projected into the dermis forming the 
epidermal pegs which were blunt and flattened at base of 
teat but elongated and pointed at mid region and tip of teat 
(Fig. 1A). The dermal papillae projected into the epidermal 
pegs and which contained connective tissue, blood vessels 
and nerves in order to provide nutrition and innervation to 
the epidermis as also reported by Debbarma et al. (2017) in 
the buffalo skin. The epidermal pegs were divided by rete 
pegs into primary and secondary papillae and were present 
more at the tip region to provide strength and firmness to 
teat tip as noticed by Sumena et al. (2010) in pigs. Similar 
findings were observed in the skin of cattle, goat and 
spotted deer by Nagaraju et al. (2012).

 The stratum corneum, outermost layer (Fig. 1A), 
was thickestat tip followed by mid and base of the teat skin 

ABSTRACT

 The present work was undertaken to explore histomorphological and histochemical details of teat in indigenous cattle of Hariana breed. The 
results revealed that the epidermis projected into the dermis forming the epidermal papillae and rete pegs, which were blunt and flattened at base of 
teat but elongated and pointed at mid region and tip of teat. The skin at tip region was found to be the thickest followed by mid region and base regions 
of the teat. The teat skin and teat canal epithelium were lined by stratified squamous keratinized epithelium. The teat skin contained greater number of 
melanocytes than Langerhans cells, but the teat canal epithelium had Marksaulchen cells which decreased in size and number towards the lumen. The 
epidermis showed weak to moderate PAS reaction, whereas the dermis showed moderate PAS reaction but a weak PAS-AB and basic protein 
reactions in both the layers. The teat cistern was made up of double layered cuboidal epithelium and the sub-epithelial stroma consisted of loose 
connective tissue with smooth muscle fibres, nerve fibres and blood vessels along with accessory lactiferous glands. The lining epithelium of teat 
cistern and lactiferous glands showed moderate PAS and weak to moderate PAS-AB reactions. However, the reaction of basic protein was strong. The 
teat sphincter had circular and longitudinally oriented smooth muscle fibres along with large amount of collagen and few elastic and reticular fibres.
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and was strongly eosinophilic with flattened, non-
nucleated, keratinized cells as described by Bhattacharya 
et al. (2003) in non-descript buffalo. The stratum 
granulosum layer was thicker at tip of teat region and 
contained 1-2 layers of squamous cells which had flat 
nucleus (Fig. 1A). Keratohyaline granules were present in 
these cells which produce keratin at the tip and teat canal. 
These findings are in accordance with Nararaju et al. 
(2012) and Sumena et al. (2010) who reported similar 
observations in buffalo skin. The stratum spinosum had 2-
3 layers at base, 4 layers at mid and 6 layers at tip region of 
teat consisting of polyhedral cells with spherical nucleus 
which had melanin granules that prevented the ultraviolet 
rays from penetrating the skin (Fig. 1A). The stratum 
basale contained large number of brown staining 
pigmented cells as melanocytes which were more at the tip 
region (Fig. 1A). Similar findings were reported by 
Debbarma et al. (2017) according to them these cells 
helped to tolerate high heat, photosensitization and 
sunburns. Non pigmented cells in the stratum basale were 
Langerhans cells with clear cytoplasm and reniform 
nucleus which were more at tip region and were 
responsible for the uptake of exogenous antigens that 
caused teat infections. These cells played role in defence 
mechanism of teat by acting as antigen detectors.

 The micrometrical data revealed that the thickness at 
tip of teat skin was 453 ± 9.38 µm while at the mid and base 
was 397.59 µm ± 7.53 and 283.67 ± 5.98 µm, respectively. 
The tip region was found to be the thickest followed by mid 
and base regions of the teat. The thickness of teat canal 
epithelium was 342.53 ± 8.97 µm, while diameter of lumen 
of teat canal was 976.01± 15.19 µm. Similarly, Kumar 
(1990) observed the thickness of teat canal in cattle as 
327.25 ± 5.91 µm and in buffalo 357.19 ± 4.80 µm.

 The dermis was consisted of smooth muscle fibres, 
blood vessels, nerves and dense irregular connective tissue 
in the teat skin, however hair follicles, sebaceous and 
sweat glands were found in base part of teat (Fig. 1A). The 
epidermis layer showed weak to moderate PAS reaction 
while PAS-AB and Basic proteins showed weak reaction. 
The dermis showed moderate PAS but a weak PAS-AB and 
basic protein reactions.

Internal Duct system: It was comprised of annular fold, 
teat cistern, Furstenberg’s rosette and teat canal.

Annular fold: It was very thick and located at the junction 
of teat and gland cistern making a clear-cut demarcation 
between them. The cranial portion of the annular fold was 
gland cistern lined by single layer of cuboidal epithelium 
which became double layer at places where as, teat cistern 
was present caudal to the annular fold and was lined by 

double layered cuboidal to columnar epithelium. The 
lining epithelium of annular fold was stratified cuboidal 
type in present study (Fig. 1B).

Teat cistern: The teat cistern was lined by stratified 
cuboidal to columnar epithelium. The cistern showed 
keratinized epithelium along with numerous longitudinal 
and circular mucosal folding at the base of teat. Double 
layer stratified squamous epithelium lined the teat cistern 
in mid part of teat and had more mucosal folding. Similar 
findings were observed by Paul et al. (2013) in teat cistern 
of desi and crossbred cattle. The greater number of 
mucosal folds in the teat cistern may be responsible to hold 
less amount of milk in the teat cistern (Paul et al., 2013). 
The sub epithelial stroma of teat cistern consisted of loose 
connective tissue with muscle fibres and blood vessels 
along with coiled tubular glands called accessory 
lactiferous glands (Fig. 1B, C, D) which were located in 
the mid, base and Furstenberg’s rosette region of teat 
cistern. The lining epithelium of teat cistern and lactiferous 
glands showed moderate PAS and weak to moderate PAS-
AB reaction however, the activity of basic protein reaction 
was strong in teat stroma and weak to moderate in 
lactiferous glands and teat sinus epithelium (Fig. 1E, F).

Furstenberg’s rosette: The Furstenberg’s rosette (FR) 
was present between the junction of teat cistern and teat 
canal and had 10-14 mucosal folds (Fig 1C). Similar 
findings were reported by Patel et al. (2007) and Nickerson 
and Pankey (1983) in FR  of bovines. The subepithelial 
connective tissue contained abundant of collagen fibres 
with few reticular and elastic fibres , smooth muscle fibres 
and nerve fibres along with, polymorphonuclear cells 
(PMN), monocytes, mast cells and plasma cells. The FR 
region also contained aggregations of lympho-reticular 
tissue which played an important role in the antibody 
production by forming a barrier between bacteria and 
epithelium (Nickerson and Pankey, 1983).

Teat canal: The teat canal was lined by stratified 
squamous keratinized epithelium which continued 
proximally as double layered stratified non keratinized 
type in the FR and teat epidermis distally. The teat canal 
epithelium consisted of single layer stratum basale, 2-4 
layers of stratum spinosum and 7-8 layers of stratus 
granulosum. Outermost layer was stratum corneum which 
was keratinized and more prominent in the non lactating 
animals as it was responsible for the keratin formation 
(Fig. 2A). Rete ridges (not shown in the figures) were 
finger like projections arising from teat canal epithelium, 
which were longer and pointed in non lactating animals but 
blunt and wider in lactating animals. Vesicular 
components known as Marksaulchen cells (not shown in 
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Fig. 2. (A) Teat canal of HR showing teat canal lumen (L), epithelium (Epi), teat sphincter(TS).  Hematoxylin and Eosin X 100; (B) Teat canal (L), 
Collagen fibers (Cf) in HR.Masson’s trichrome X 40; (C) Reticular fibers in teat canal epithelium and sphincter of HR.  Gridley’s X 200; (D) Elastic 
fibers (Ef) in teat canal epithelium and sphincter of HR. Verhoeff”s X 100; (E) Elastic fibers in blood vessels of teat stroma of HR. Verhoeff”s X 200; (F) Basic 
protein in teat stroma of HR. Bromophenol blue X 100

Fig. 1. (A) Epidermis (E), Dermis (D), sweat glands (Swg), Epidermal pegs (Ep), Dermal pegs (Dp), Melanocytes (M), Stratum basale (Sb), Stratum 
spinosum (Ss), Stratum granulosum (Sg), Stratum corneum (Sc) of mid teat skin of Hairana (HR) . Hematoxylin and Eosin X 100: (B) Cross-sectional 
view of base of teat showing thick annular fold (AF) and lactiferous glands (Lg) in HR.  Hematoxylin and Eosin X 100; (C) Furstenberg’s rosette (FR) 
and lactiferous glands (Lg) in HR. Hematoxylin and Eosin X 100; (D) Lactiferous glands (Lg) of HR. Hematoxylin and Eosin X 200; (E) Neutral 
mucopolysaccharides in Lactiferous glands in HR. Periodic acid Schiff X 100; (F) Basic protein in lactiferous glands of HR. Bromophenol blue X 100

figures) were present in teat canal epithelium whose size 
and number decreased towards the lumen of teat canal and 
were more in the lactating cows than non lactating ones. 
The teat canal epithelium showed weak to moderate PAS 

and Basic protein activity while the PAS AB reaction was 
negligible to weak. The basement membrane showed 
strong reaction for PAS AB. The thickness of the teat canal 
epithelium was 342.53 ± 8.97 µm in Hariana cows. Also 

2 22

2 22

1 32

4 65
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dany et al. (2019) had reported that the cross bred cows had 
thicker teat canal epithelium than the Jenubi cows and this 
could be responsible for the improved milk production and 
quality in crossbred cows. The luminal diameter of teat 
canal was 976.01± 15.19 µm.

 The sub epithelial portion was fibromuscular type 
contained smooth muscle fibres, abundant collagen fibres 
with few reticular and elastic fibres (Fig. 2B, C, D). Large 
number of blood vessel and nerves helped in tight closure 
of teat canal thereby lowering risk of intra mammary 
infections. The nerve bundles in increased number at the 
mid and tip regions was responsible for hormonal-nerve 
stimulation during suckling and milking of the animal 
(Ferdowsi et al., 2017). The teat sphincter had circular and 
longitudinally oriented smooth muscle fibres along with 
more elastic fibres compared to collagen and reticular 
fibres (Fig. 2D, 2E), indicated its musculo-elastic nature. 
Van der Merwe, (1985) explained that the elastic fibres 
caused passive closure of teat canal while smooth muscle 
fibres were responsible for contractile action. The teat 
stroma showed moderate PAS, PAS-AB and Bronophenol 
bene reaction but the reactions were stronger in teat sphincter 
(Fig. 2F).

 It was concluded that maximum thickness of 
epidermis at tip of teat plays an important role in defence 
mechanism of teat. The highly keratinized stratum 
corneum of teat canal in the non-lactating animals may be 
responsible for the formation of keratin plug.
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 Gestational age estimation in sheep provides their 
owners valuable information that aids in the late gestation 
management as lamb survival is an important factor 
affecting the sheep profitability (Ekiz et al., 2005). 
Ultrasonographic fetometry allows not only estimation of 
fetal age but also determination of sex and measurement of 
number of foetuses carried, assessment of vitality of fetus 
and diagnosis of pregnancy disorders which would be 
useful for specific clinical management or research 
applications. Numerous researchers used transrectal or 
transabdominal B mode ultrasonography to predict 
gestational age by means of fetal measurements in small 
ruminants (Frank et al., 1982; Ali and Hayder, 2007). 
Various embryonic/fetal parameters have been studied so 
far for estimating gestational age. However, the most 
practical measurements of fetal structures are embryonic 
vesicle, crown rump length, fetal head diameters, 
placentome size (Karen et al., 2001). One of the important 
limitation of estimation of gestational age using fetal 
parameters is their accessibility throughout the gestation 
(Airina et al., 2011).  The crown rump length (CRL) and 
embryonic vesicle diameter (EVD) were accessible only 
during the first trimester of gestation,  however regarded 
as an important conformational parameters and can be 
done in relatively early stage of gestation than the other 

parameters (Petrujkic et al., 2016). Hence the present 
study was undertaken to establish correlation and 
construct prediction equations for embryonic parameters 
in Nellore brown ewes.

MATERIALS AND METHODS

 Nellore Brown ewes (n=20) aged 1-4 years reared 
under semi-intensive conditions and fed with greens, 
concentrates and adlib fresh water and salt licks were 
selected for the study.

Estrus Synchronization protocol: The ewes were 
subjected to short term estrus synchronization protocol of 
seven days using indigenous vaginal progesterone sponges 
(Avikesil-S® ICAR-CSWRI, Avikanagar, Rajasthan) 
containing 350 mg of natural progesterone and 300 IU of 
PMSG (Folligon®, Intervet International, Boxmeer, 

Netherlands) and 75 µg of PGF  (Cloprostenol; Pragma®, 2

ABSTRACT

 Gestational age estimation in small ruminants helps in nutritional management of pregnant animals and optimizes the young one survival. In 
this study, Nellore Brown ewes (n=20) were subjected to short day estrus synchronization protocol and trans abdominal ultrasonography once weekly 
from day 8 of last mating until parturition. The embryonic vesicle diameter (EVD) and crown rump length (CRL) of fetus measured from day 22 and 
29, respectively until day 64 of gestation. A positive correlation was obtained between gestational age and EVD (r=0.902) and CRL (r=0.916) and 
regression equations were generated as y=5.319x+18.09 and y=3.808x+27.23, respectively for EVD and CRL where y is gestational age (GA) and X 
is respective embryonic measurements and these prediction equations were validated under the field conditions. It was concluded that the 
ultrasonographic measurements of embryonic measurements were well correlated with gestational age and can be used for estimation of pregnancy 
duration; however, to define the significance of equations in the field a large data is needed.
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Intas Pharmaceutica Limited, Matoda, Ahmedabad) intra 
muscularly at sponge withdrawal.

Breeding of the synchronized ewes: Upon sponge 
withdrawal the synchronized ewes were kept with a ram, 
color painted (mixture of glycerin and dye) and mating 
marks were recorded both morning and evening for three 
days. Each day ram was replaced with a new one with 
changed color paint at brisket region. The next day of 
receiving last mating mark was treated as day 1 or start of 
pregnancy.

Procedure followed for ultrasonography: Transabdominal 
ultrasonography was conducted using a real time B mode 
scanning (ALOKA SSD 500, Aloka co Ltd, Japan) 
equipped with 5 MHz convex transducer on mated ewes. 
Serial ultrasonographic examinations were carried out on 
weekly basis starting from day 8 of mating. Once the 
pregnancy was confirmed, the scanning was continued 
weekly and embryonic vesicle diameter and crown rump 
lengths were identified and images were frozen, saved and 
measured with built in electronic calipers.

Embryonic vesicle diameter (EVD): The largest 
diameter of the gestational sac was chosen as the measure 
of EVD between gestational days 22 to 64 (Fig. 1).

Crown rump length(CRL): The CRL was measured as a 
straight line between fetal crown and origin of the tail 
when the fetus was fully extended between gestational 
days 29 to 64 (Fig. 2).

Field test: The ewes were randomly subjected to 
ultrasound scanning in farmers’ flocks in villages and EVD 
and CRL were measured in ten and nine pregnant ewes, 
respectively. The gestational age was estimated using the 
regression equations generated in experimental animals. 
The lambing dates were obtained from farmers and 
gestational age was calculated retrospectively taking the 
average gestation length as 148 days.

Data analysis: The relationship of gestational age with 
EVD and CRL was plotted as linear regression and the 
gestational age (GA; days) was the independent variable 

(y)  and EVD and CRL (cm) being the dependent variable 
(x), a 5% level of significance was used using statistical 
packages for social sciences (SPSS) version 20. In the field 
test, Mean square errors method used to compare fetal 
parameters.

RESULTS AND DISCUSSION

 The EVD was detectable from day 22 till the end of 
parturition, however measurable from day 22 until day 64. 
The EVD was measured between days 12 to 65 in ewes and 
does by various researchers (Airina et al., 2011; Petrujkic 
et al., 2016; Santos et al., 2018, Devi et al., 2019; Haq et 
al., 2020). Haq et al. (2020) reported non-detectability of 
amniotic vesicle diameter 65 days post mating. In contrast, 

thSantos et al. (2018) stated that at 7  week of gestation itself 
gestational vesicle could no longer be measured due to 
increase in fetal size. These variations of duration of 
measurements might be due to method of ultrasonography 
used to measure gestational vesicle and rapid 
accumulations of fetal fluids making uterus too large to be 
accurately measured.

 On day 22 in 40 per cent of animals (8/20) EVD 
could be measured and in others could not identified until 
Day 29. On day 64 in 55 per cent of animals (11/20) EVD 
could be measured and in rest exceeded the ultra sound 
screen. High positive correlation (r=0.9497) (p<0.05) was 
obtained between EVD and GA and regression equation 
was generated (Fig. 3). These findings were in agreement 
with Petrujkic et al. (2016) and Haq et al. (2020), however, 

2Santos et al. (2018) reported lower correlation R  = 0.689 
and r= 0.76, respectively. This could be due to the 
difficulties to visualize the entire transverse or 
longitudinal images, accessibility of the sac, number of 
days in gestation measured, method of ultrasound used and 
breed of ewe studied. Santos et al. (2018) generated 
prediction equation as GW=3.1+0.1×GV where GW is 
gestational week and GV is gestational vesicle in Santa Inn 
sheep. Haq et al. (2020) had given regression equation as 
y=1.7383x-27.79 where y is EVD in mm and x is 
gestational age in days in Beetal goats.

Table 1. Range and Mean (±SE) of EVD and CRL of fetus during pregnancy in Nellore Brown ewes

Gestational age EVD (Mean± SE) Range (Min-Max) CRL (Mean± SE) Range (Min-Max)
a22 1.48±0.14  0.9-2.3 -
a a29 2.22 ±0.16  1.2-3.6 1.26±0.13  0.5-1.9
b a36 3.49 ±0.17  2.4-4.9 2.19 ±0.20  1.0-3.6
c b43 4.67 ±0.15  3.6-5.9 4.03 ±0.18  2.7-5
d c50 5.79 ±0.17  4.3-6.6 5.93 ±0.36  4.5-7.7
d d57 6.77 ±0.19  4.6-8.0 7.70 ±0.25  5.2-8.6
e e64 8.73 ±0.27  7.6-10.6 9.28 ±0.27  8.2-10.3

*Means with different superscripts differ significantly (P<0.05) within columns

145

Fig. 1. EVD measured in Nellore Brown ewes

Fig. 3. Scatter plot and linear regression line of EVD and GA in Nellore 
Brown ewes

Fig. 5. Validation of EVD measurements under field conditions

Fig. 4. Scatter plot and linear regression line of Crown Rump Length 
and gestational age in Nellore Brown ewes

Fig. 6. Validation of CRL measurements under field conditions

Fig. 2. Crown rump length measured in Nellore Brown ewes

 The CRL was detectable from day 22 till day 71 
however, was measurable between days 29 to days 64 and 
exceeded the ultrasound screen limits after that.

 In the present study, the chance to access CRL 
during the gestational period between 29 and 64 was 62% 
(74/120) and 38% of CRL observations were inaccessible 
either due to immeasurable embryo (day 29) or fetus 
exceeding of screen of ultrasound (day 64). The 
accessibility of various fetal parts for scanning depends on 
the method of scanning. Transabdominal scanning was 

much inferior to that of the transrectal in the early 
pregnancy.

 A high positive correlation was established 
(r=0.9573) between CRL and GA and regression equation 
was generated (Fig. 4). These results were in accordance 
with Abdelghafar et al. (2011), Kuru et al. (2018) and Haq 
et al. (2020), however, Metodiev et al. (2012) and Santos et 
al. (2018) reported lower correlation and Abubakar et al. 
(2016) reported a slightly higher correlation than this 
study. These discrepancies could be explained by 
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difference in breeds of sheep, intervals between 
consecutive scanning between studies difficulty in 
acquiring high quality images due to fetal size, position 
and movements and inaccurate measurement of the CRL 
(Abubakar et al., 2016). Abubakar et al. (2016) developed 
regression equation in Jamnapari goats between day 37 -72 
gestational age as y=18.776+0.606x where y is gestational 
age and x is CRL. Santos et al. (2018) expressed the 
relationship as GW = 2.65+0.11×CR where GW is 
gestational week and CR is CRL in Santa Inn ewes. 
Abubakar et al. (2016) opined that CRL is the best 
predictor of GA however Santos et al. (2018) considered 
CRL as less accurate to estimate GA.

Validation of prediction equations in the field: A field 
test was conducted on ewes in surrounding villages for GA 
estimation and EVD was measured in 10 pregnant ewes 
and CRL was measured in nine pregnant ewes. The 
regression equation established for EVD and CRL was 
used to predict the GA. For linear relationship 30 (3/10) 
and 100 (10/10) per cent of pregnant ewes delivered within 
±7 and ±14 days of expected parturition dates, respectively 
(Fig. 5) for EVD and 55.5 (5/9) and 100 (9/9) per cent of 
pregnant ewes delivered within ±7 and ±12 days of 
expected lambing dates, respectively (Fig. 6). The high 
correlation established in this study for EVD was justified 
in the field study by recording 100 per cent of parturitions 
within ±14 days of expected parturition dates. Estimation 
of GA was more accurate during early pregnancy since the 
values obtained in latter gestation were also affected by the 
individual characteristics of the fetus. Godfrey et al. 
(2010) validated the accuracy of regression equation 
developed for CRL in ewes by scanning a set of ewes 
(n=51) with known breeding dates. There is much scope to 
extend the study to more number of ewes in field to solidify 
the relationship between the GA and embryonic 
parameters.

CONCLUSION

 It could be concluded that the embryonic parameters 
studies in the present study were well correlated and 
validated with gestational age in early pregnancy. Further 
research is required to define the significance of these 
equations in the field conditions.
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 S. aureus is a common bacterium that has been 
recognized as a challenge in both human and veterinary 
medicine (Bissong and Ateba, 2020). The pathogen is also 
associated with food poisoning in human, staphylococcal 
scaled skin syndrome (SSSS), operative wound infections, 
inflammation of lungs (pneumonia), nosocomial 
bacteremia in human, clinical and subclinical mastitis in 
bovine (Torres et al., 2019). S. aureus produces a wide 
range of virulence factors like toxic shock syndrome toxin-
1 (TSST-1), staphylococcal enterotoxin (SE), Panton-
Valentine Leukocidin (PVL) (Hoque et al., 2018). The 
other important virulence factor of S. aureus is its ability to 
form biofilm in vivo which greatly influence its 
pathogenicity (Andrade et al., 2021). The biofilm 
producing bacteria exhibit high resistance to disinfectants, 
antibiotics and host immune system clearance (Hait et al., 
2021). Biofilms reduce the effectiveness of treatments and 
increase morbidity, mortality and health care cost 
(Akindolire et al., 2015). The biofilm forming ability of 
the isolates can be characterized by phenotypic methods, 
i.e., CRA, TM and TCP methods and genotypic 
characterization can be performed by screening of biofilm 
forming genes (Panda et al., 2016). Maintenance of quality 
milk production by developing countries like India is a 
major problem and is due to lack of efficient hygienic 

techniques for milking, storing of milk and maintaining 
herd conditions (Singh et al., 2022). Thus, colonization of 
dairy herd and subsequent contamination of raw milk by S. 
aureus, especially biofilm producing and MDR remains an 
important issue for both the dairy producer and public 
health. Keeping this in view, the present investigation was 
undertaken to undertake the detection of biofilm forming 
S. aureus from mastitic milk.

MATERIALS AND METHODS

Collection of milk sample

 A total of 56 raw milk samples were collected from 
cows exhibiting the symptoms of mastitis residing in dairy 
farms and gaushalas of Mathura region of Uttar Pradesh. 
Milk samples were taken after cleaning the teat with 70% 
ethyl alcohol and brought to laboratory under refrigeration 
and processed immediately.

Screening of samples for detection of clinical mastitis

 California Mastitis Test (CMT) was used for 
screening of clinical mastitis samples as per method 
described by Schalm et al. (1971) with slight 
modifications. The CMT was conducted to diagnose the 
presence of clinical mastitis as per Shitandi and Kihumbu 
(2004). The result was scored based on the gel formation 
and categorized as negative if there was no gel formation 

ABSTRACT

 Microbial biofilms are microbial aggregates and embedded in matrices of exopolymers. Biofilm production is a natural mechanism by which 
microorganisms adhering to a wet surface, secrete extracellular matrix and get embedded inside it. Many food-borne outbreaks have been associated 
with dairy products as main vehicle for transmission. Among those outbreaks, biofilm forming Staphylococcus aureus (S. aureus) were well 
documented as major causative agent and constitute serious threat for consumers’ health. In this study, a total of 56 samples of raw milk were taken 
from cows exhibiting clinical symptoms of mastitis from dairy farms and gaushalas, screened by California Mastitis test. On analysis, all the samples 
(100%) were found positive for mastitis. Occurrence of Staphylococcus spp. and S. aureus was 58.92% and 51.78%, respectively. The S. aureus 
isolates were screened for their biofilm formation property by three different methods, i.e., Congo Red Agar (CRA) assay, Tube Method (TM) and 
Tissue Culture Plate method (TCP). On analysis, 27.59% S. aureus were positive for CRA, 86.20% were positive for tube method and 96.55% were 
positive for TCP. Strong biofilm forming S. aureus were subjected to antibiotic sensitivity test (ABST) and multi drug resistant (MDR). The isolates 
exhibited high resistance against oxacillin (73.68%), methicillin (52.63%), ofloxacin (52.63%) and ciprofloxacin (47.36%), whereas high sensitivity 
was observed against cefoxitin (94.73%), ceftazidime (84.21%), vancomycin (84.21%), imipenem (78.94%), streptomycin (78.99%) and 
gentamicin (73.68%). A total of 42.10% strong biofilm former S. aurues were MDR. The indiscriminate use of antibiotics for prophylactic as well as 
therapeutic purpose could be the reason for increased antibiotic resistance of S. aureus.
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and positive, if there was gel formation ranging from +1 to 
+3. The mastitic milk samples that showed reactivity in 
CMT were considered as positive for clinical mastitis.

Isolation and identification of S. aureus

 Milk samples were processed for isolation of S. 
aureus as per standard bacteriological procedure given by 
Kou et al. (2021) with slight modifications. Baired parker 
and Mannitol Salt Agar were used for isolation of S. aureus 
and biochemically confirmed as per the method described 
by Barrow and Feltham (1993).

Molecular detection of S. aureus isolates

 Biochemically confirmed staphylococci were 
further confirmed for S. aureus by using species specific 
primer targeting nuc gene of S. aureus by using PCR. The 
sequence of forward and reverse primer for nuc gene was 
( 5 ' G C G AT T G AT G G T G G ATA C G G T T 3 ’ a n d 
3 ’ A G C C A A G C C T T G A C G A A C TA A A G C 5 ’ ) , 
respectively. The DNA extraction of bacterial isolates was 
done by Gene JET Genomic DNA purification kit. The nuc 
gene was targated as per method given by Brakstad et al. 
(1992).  The DNA amplification was carried out using the 
thermal cycling profile consisted of an initial denaturation 
at 940 C for 5 min, 37 cycles of 94º C for 60s, 55º C for 30s 
and 72º C for 90s, with a final step at 72º C for 5 min. The 
resulting PCR products were analyzed in agarose gel 
electrophoresis as described by Sambrook and Russel 
(2001) size of resulted amplicon was 267 bp.

Biofilm production

 The S. aureus isolates were subjected to observe the 
biofilm forming capacity in vitro by Congo Red Agar 
(CRA) Assay, Tube Method (TM) and Tissue Culture Plate 
(TCP) methods as described by Mathur et al. (2006). 
Briefly, in TCP method individual wells of flat bottom 
polystyrene plates were filled with 0.2 ml of the diluted 
cultures and plates were incubated for 24 hours at 37° C. 
Further, plates were washed 4 times with 0.2 ml of PBS 
(sessile organisms in plate were fixed with sodium acetate 
(2%) for half an hour and stained with crystal violet (0.1% 
w/v) for half an hour. The OD values less than 0.120 were 
considered as non adherence and weak biofilm former 
while mean OD values 0.120-0.24 showed moderate 
adherence and moderate biofilm former while OD>- 0.240 
showed strong adherence and categorized as strong 
biofilm former.

Antibiotic Sensitivity Test (ABST)

 Antimicrobial susceptibility of the isolates was 
determined by disc diffusion Bauer-Kirby (1959) method 
as recommended by clinical and laboratory standards 
institute (CLSI, 2016) and interpreted as susceptible, 

intermediate and resistant. A total of 18 antibiotics 
comprising of different antimicrobial classes, commonly 
used in the dairy farms were selected in this study (Table 
1). S. aureus ATCC 25923 were used as control strain. The 
100 µl of culture broth of each isolate was inoculated on 
Muller Hinton Agar plate and spread evenly by using 
sterilized cotton swabs, the plates were kept upright for an 
hour so that the culture gets absorbed onto the plates 
evenly. Antibiotic discs were placed on Mueller Hinton 
Agar and the plates were incubated at 37º C for 24 hours 
and the zone of inhibition surrounding the antibiotic discs 
was measured with the scale.

RESULTS AND DISCUSSION

Screening of samples for mastitis

 A total of 56 samples collected from cows with 
symptoms of mastitis were screened for mastitis by CMT. 
All the samples showed gel formation within a few 
seconds, so 100% samples were found positive for 
mastitis. In studies of Hoque et al. (2018), 73.3% were 
positive by CMT that are slightly lesser in relation to our 
findings, while Pati and Mukherjee (2016) reported 
42.75% positivity that was much lower than the present 
findings.

Phenotypic and genotypic identification of S. aureus

 A total of 33 milk samples produced jet black 
coloured colonies on Baird-Parker Agar and yellow 
coloured colonies on nutrient agar and 29 isolates 
produced yellow coloured colonies on Mannitol Salt Agar 
surrounded by yellow zone were identified as S. aureus. 
All the isolates were biochemically confirmed by IMViC 
and also found positive for catalase and coagulase test. 
Occurrence of Staphylococcus spp. and S. aureus from 
various dairy farms and gaushalas are depicted in Table 2. 
In raw milk taken from mastitic cows, occurrence of S. 
aurues was 51.78% and this prevalence value was similar 
to 47.20% reported in China (Wang et al., 2018). From the 
clinical and subclinical mastitic milk, isolation rate of S. 
aureus was 61.36% and 75.40% from India and 
Newzealand, respectively, which were quite higher to 
current study (Bhattachcharya et al., 2016; Notcovich et 
al., 2018). Overall, our data indicates that S. aureus is 
common and frequently detected in raw milk of dairy cows 
with mastitis in Brij region of Mathura. S. aureus 
contaminates many sources of raw milk which are usually 
related to mastitis or human carrier. Difference in 
prevalence is largely due to differences in the type of 
livestock breeding system, animal species, milking 
method and the surrounding environment conditions.

 In the current study, all the phenotypically 
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characterized S. aurues were nuc gene bearer, thus this 
house keeping gene was 100.00% prevalent. In the various 
studies, researchers revealed 100.0%, 85.55% and 85.24% 
nuc genes in S. aurues isolated from mastitic milk in India 
and abroad Bhattacharya et al. (2016); Wang et al. (2018), 
Pati and Mukherjee (2016), respectively.

Biofilm production

 The twenty nine isolated S. aureus were analysed for 
biofilm formation by three described methods CRA, TM 
and TCP. On the basis of these assays, the isolates were 
categorized as strong, moderate and weak biofilm formers 
and results are depicted in Table 3. In CRA method, 
27.59% S. aureus produced black colour colonies on CRA 
and found positive, while rest of the isolates produced red 
colour colonies and were negative for CRA. In tube 
method, biofilm forming isolates were produced slime 
either on bottom or wall or at both the sites of test tube and 
86.20% were found positive by tube method. In TCP assay, 
65.51% were strong biofilm former with more than 0.240 

OD values, 31.03% were moderate biofilm producer, 
while 13.79% isolates showed OD values less than 0.120 
and categorized as weak biofilm producer with overall 
prevalence of 96.55% biofilm former by TCP.  The OD 
was measured at wavelength of 570 nm by using ELISA 
microplate reader.

 In current study, mastitic milk revealed with high 

prevalence of biofilm forming S. aureus 96.55%, 86.20%, 

27.59% by TCP, TM and CRA assay. Comparison of 

biofilm assay is mentioned in table 3. In accordance with 

this study 93.4% and 27.17% biofilm forming S. aurues 

were revealed from TCP and CRA assay in mastitis milk 

from New Zealand as reported by Notcovich et al. (2018) 

and from Brazil 98.9% and 85.0%  by the two assays in 

mastitis milk  (Melo et al., 2013). Results of TCP assay are 

quite similar to our study while there is wide variation in 

findings of CRA. The discrepancies in the categorization 

Table 3. Comparison of Biofilm Assays (TCP, TM & CRA)

S. aureus Biofilm Tissue Tube Congo Red
isolates formation Culture Method Agar Assay
  Plate Assay (TM) (%) (CRA) (%)
  (TCP) (%)

n=29 Strong 65.51 48.28 27.59
  (19/29) (14/29) (08/29)

 Moderate 31.03 37.93 -
  (09/29) (11/29)

 Weak/none 3.45 13.79 72.41
  (01/29) (04/29) (21/29)

 Total Biofilm 96.55 86.20 27.59
 former (Strong (28/29) (25/29) (08/29)
 + Moderate)

Table 2. Occurrence of S. aureus in mastitic milk and presence of nuc gene

S.N. Place of Collection No of Samples Prevalence of Prevalence of Prevalence of nuc
   Staphylococcus S.  aureus (%) gene in S.  aureus
   spp. (%)  (%)

1  Dairy Farm 1 8 62.50 (5/8) 50.0 (4/8) 100.0 (4/4)

2  Dairy Farm 2 8 62.50 (5/8) 50.0 (4/8) 100.0 (4/4)

3 Gaushala 1 8 50.0 (4/8) 50.0 (4/8) 100.0 (4/4)

4 Gaushala 2 8 75.0 (6/8) 62.50 (5/8) 100.0 (5/5)

5 Gaushala 3 8 50.0 (4/8) 50.0 (4/8) 100.0 (4/4)

6 Gaushala 4 8 62.50 (5/8) 50.0 (4/8) 100.0 (4/4)

7 Gaushala 5 8 50.0 (4/8) 50.0 (4/8) 100.0 (4/4)

 Total 56 58.92% (33/56) 51.78% (29/56)   100.00% (29/29)

Table 1. Detail of Antibiotic discs used in antibiotyping

S.N.  Antibiotic groups Name of Antibiotics Abbrev- Concent-
   iation ration (µg)

1  - Lactams i. Oxacillin OX 1

  ii. Methicillin MET 5
  iii. Ampicillin+ A/S 10
  Sulbactam
2 Cephalosporins iv. Cefoxitin CX 30
  v.  Ceftriaxone CTR 30
  vi. Ceftazidime CAZ 30
  vii. Cefotaxime CTX 30
3 Macrolides viii. Erythromycin E 15
4 Carbapenems ix. Imipenem IPM 10
5 Glycopeptides x. Vancomycin VA 30
6 Aminoglycosides xi. Gentamicin GE 10
  xii. Streptomycin S 10
7 Amphenicols xiii. Chloramphenicol C 30
8 Quinolones xiv. Oflxacin OF 5
  xv. Ciprofloxacin CIP 50
  xvi. Levofloxacin LE 5
9 Oxazolidinones xvii Linizolid LZ 30
10 Tetracyclines xviii. Tetracycline TE 10

of biofilm phenotypes could result from differences in the 

interpretation of results. Therefore, standardizing the 

method and interpretation of biofilm forming is crucial 

(Atshan and Shamsudin, 2011).
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Antibiotic Sensitivity Test (ABST)

 Strong biofilm forming S. aureus were subjected for 
Antibiotic Sensitivity Test (ABST) and high resistance was 
shown against oxacillin (73.68%), methicillin (52.63%), 
ofloxacin (52.63%) and ciprofloxacin (47.36%). The high 
sensitivity was shown against cefoxitin (94.73%), ceftazidime 
(84.21%), vancomycin (84.21%), imipenem (78.94%), 
streptomycin (78.99%) and gentamicin (73.68%). The results 
of this study are similar with findings of previous antibiotic 
studies on various types of milk, as oxacillin was 60-100% 
and 70.0% resistant in study of Akindolire et al. (2015) and 
Naseer et al. (2021), respectively, and 44.47% ofloxacin 
resistant isolates revealed in study of Sharma et al. (2015). 
In accordance to this study, cefoxitin was found 100.0% 
and 80% sensitive in the study of Marques et al. (2017) and 
Naseer et al. (2021), respectively.  A total of 42.10% (8/19) 
strong biofilm former S. aurues were multi drug resistant, 
showing resistant to three or more than 3 class of antibiotics 
mainly for Penicillins, Quinolones and Macrolides.  These 
biofilm forming MDR strain of S. aureus in mastitic milk 
could be a potential source of antibiotic resistant determinants 
in environment, animal and human population.

CONCLUSIONS

 Biofilm forming attribute of S. aureus make it more 
virulent by increasing adhesiveness on surfaces and that 
surface continuously act as source of infection in raw milk. 
Thus, the presence of potential biofilm-producing 
antibiotic-resistant S. aureus in milk intended for human 
consumption may be cause of severe health risk for human. 
Consequently, there is a need to enhance control measures, 
especially in the dairy sector, to curb the spread of 
pathogenic S. aureus and to limit the use of antibiotics. 
Further studies are required to elucidate other factors that 
are indulged in biofilm formation.
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 The Gir cattle is one of the important indigenous 
dairy type breed of Saurashtra region of Gujarat. This 
breed is well known for its better heat tolerance capacity 
and resistant to various tropical diseases (Gajbhiye et al., 
2016; Patbandha et al., 2020). With a population of 
13,80,208 in the country, it contributes significantly to 
total milk production of the country. Owing to its unique 
traits, it is also used for grading up of various non-descript 
cows in India.

 In developing countries, more than 70 % of the 
expenditure in dairy farming is contributed for the feeding 
of animals (Singh et al., 2022). Challenge feeding is an 
accepted concentrate feeding system to increase milk 
production in dairy animals. In this system, concentrates 
are introduced to the animals in their last several weeks of 
pregnancy and initial phase of lactation. The amount is 
gradually increased as lactation progresses until no further 
response in milk yield. This system enables the animal to 
express their milk production as close to their genetic 
potential.

 The period from two months (especially last 3 weeks) 
pre-calving to two months post calving which includes the 
transition period is the most stressful period in the annual 
cycle of dairy cow (Grummer, 1995). This period is very 
important for the animals to augment body reserves to 

meet the demands of growing fetus and to avoid negative 
energy balance peripartum. Under feeding during this 
period could lead to low birth weight of calf. Thus, it is 
necessary that milch animals must be judiciously and 
adequately fed during this period to produce maximum 
milk production with minimum health problems and to 
increase the income of farmers. The theory behind 
challenge feeding is feeding a higher plane of nutrition to 
milch animals during last phase of dry period and in the 
early postpartum period (Dann et al., 2006). Suboptimal 
transition from dry period to lactation can decrease total 
milk production, reproductive performance and the profit 
potential of dairy animals.

 Considering the above points, the present experiment 
was planned with the aim of achieving better production 
performance in Gir cows through challenge feeding.

MATERIALS AND METHODS

 The present experiment was conducted at Cattle 
Breeding Farm, Junagadh Agricultural University, 
Junagadh, Gujarat (India) during August- 2018 to January- 
2019. Average rainfall of this region is 1200 mm. The 
temperature and relative humidity remained between 12.8 
°C to 37.4 °C and 46 to 52%, respectively.

Selection of experimental animals and feeding schedule

 Sixteen advanced pregnant Gir cows were selected 
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20 days prior to their expected due date of calving and 
divided randomly into 2 groups (8 animals in each), 
control (T ) and treatment (T ), based on their parity, body 1 2

weight and milk yield of previous lactation to maintain 
homogeneity among the experimental animals (Table 1). 
The present study was conducted for a period of 20 days 
pre-partum to 60 days postpartum (total 80 days).

Housing and management

 All the experimental animals were maintained under 
uniform housing conditions. Each animal was allotted an 
individual pen with ample space, proper ventilation and 
drainage, soft bedding and watering facilities. The animals 
let loose for two hours in the morning for exercise.

Feeding and milking management

 Digestible crude protein (DCP) and total digestible 
nutrient (TDN) requirements were calculated according to 
the body weight and milk production as per ICAR feeding 
standard (2013). Adjustment in nutritional allowances 
were made keeping in view of body weight and milk 
production every fortnight. Animals in treatment group 
were provided a graded increase in concentrate ration daily 
100 g both during the pre-partum and post-partum phase 
(maximum limit-10 kg). Experimental animals were 
offered individually with seasonal green fodder (maize) 
soilage @10 kg/cow/day. Dry fodder (mature pasture grass 
hay) was offered ad lib to all the animals. Daily concentrate 
allowance consisted of ISI grade-I cattle feed (dan), cotton 
seed cake and ground maize. They were mixed and divided 
into two equal portions and offered to the animals morning 
and evening. All the animals were provided 30 g of mineral 
mixture daily.

 The animals were milked twice a day by hand 
milking method allowing the calf to suckle the dam. Milk 
samples were collected at weekly interval from each cow 
for milk composition analysis. There was daily recording 
of feed offered and leftover collected individually for each 
animal to calculate DM intake. Body weight of all the 
animals recorded on start of experiment (day 0) and 
weekly interval thereafter.

Body condition score

 Body condition score (BCS) was done by using a 
five point scale body condition scoring method from 1 
(thin) to 5 (fatty) at increment of 0.25 (Ferguson et al., 
1994). The animals were scored on the first day of 
induction to the experiment and then at weekly interval.

Statistical analysis

 Data obtained from the experiment were analyzed as 
per Snedecor and Cochran (1994) by using the t-test. The 
difference was considered statistically significant if the p-
value was < 0.05.

Table 3. Effect of challenge feeding on production performance 
of Gir cows

Parameters Control (T ) Treatment (T ) P value1 2

Postpartum
a bMilk yield (kg/day) 6.43 ±0.16 8.52 ±0.42 0.0003
a bPeak yield (kg/day) 8.54 ±0.40 11.66 ±0.58 0.0005

Days to attain peak yield (d) 29.00±0.87 36.25±4.72 0.10

Milk fat (%) 3.98±0.07 4.06±0.09 0.65

Milk SNF (%) 8.66±0.11 8.97±0.10 0.052

Milk lactose (%) 4.48±0.08 4.63±0.13 0.33

Milk protein (%) 3.16±0.04 3.17±0.05 0.83

Milk total ash (%) 0.78±0.01 0.75±0.01 0.02

Milk total solids (%) 11.72±0.20 13.04±0.25 0.33

*Means with different superscript in a row differ significantly (P<0.05)

Table 2. Effect of challenge feeding on dry matter intake 
(DMI) in Gir cows.

Parameters Control (T ) Treatment (T ) P value1 2

Pre-partum

Body weight (kg) 443.46±06.65 431.64±05.49 0.24

Total DM intake (kg) 9.20±0.40 9.47±0.30 0.324

DM intake/100 kg BW 2.09±0.11 2.21±0.08 0.46
0.75DM intake g/kg BW  95.80±4.84 100.34±3.61 0.49

Body condition score 3.39±0.05 3.47±0.07 0.37

Postpartum
a bBody weight (kg) 397.50 ±02.18 407.22 ±02.76 0.01

a bTotal DM intake (kg) 10.75 ±0.11 12.95 ±0.056 0.0018
a bDM intake/100 kg BW 2.73 ±0.04 3.20 ±0.12 0.002

0.75 a bDM intake g/kg BW  121.63 ±1.65 146.36 ±5.56 0.002

Body condition score 3.41±0.04 3.50±0.02 0.053

*Means with different superscript in a row differ significantly (P<0.05)

Table 1. Feeding schedule of experimental animals

Particulars Control group (T ) Treatment group (T )1 2

Pre-partum period

20 days before calving Dry fodder -ad lib. Dry fodder -ad lib.
 Seasonal green-10 kg Seasonal green -10 kg
 Concentrate - As per
 ICAR feeding standard
 (2013) Concentrate - As per
  ICAR feeding standard
  (2013) + increasing
  100 g per day

Postpartum period

Calving to 60 days Dry fodder-ad lib. Dry fodder - ad lib.
postpartum Seasonal green-10 kg Seasonal green-10 kg
 Concentrate-As per Concentrate - As per
 ICAR feeding ICAR feeding
 standard (2013) standard (2013) +
  increasing 100 g per
  day (Maximum limit of
  total concentrate-10 kg)

RESULTS AND DISCUSSION

DM intake

 The mean DMI during pre-partum period was 
9.20±0.40 and 9.47±0.30 kg/cow/day in T  and T  groups, 1 2
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 Milk composition parameters like fat, SNF, lactose, 
protein, total solids and ash were found similar in both the 
groups (Table 3). Das et al. (2007) also observed the 
similar results. Contrary to the present study, Singh et al. 
(2003) reported that animals kept on higher feeding levels 
had better milk fat content than animals kept on lower 
feeding level.

Peak yield

 There was significantly (P<0.05) increased peak 
milk yield in T  group (11.66±0.58 kg/day) as compared to 2

T  group (8.54±0.40 kg/day). The higher plane of nutrition 1

during pre-partum and postpartum phase of the 
experimental periods may have provided the necessary 
impetus to the animals of T  group. These findings are in 2

agreement with Singh et al. (2003). Contrary to the above, 
Das et al. (2007) reported non-significant response to peak 
yield in spite of higher plane of nutrition.

Economics

 The total milk yield obtained per cow per day of T  1

and T  groups during first 60 days of lactation was 6.24 and 2

8.27 kg, respectively (Table 4). Since, milk was sold on the 
basis of fat percent and selling price was taken into account 
as Rs. 40/litre, amount received from sale of milk was Rs. 
249.60 and Rs. 330.80 in T  and T  groups, respectively. 1 2

Total concentrate mixture consumed during postpartum 
period was 4.64 and 7.23 kg/cow/day in T  and T  groups, 1 2

respectively. The cost of concentrate (@ Rs.19.50/kg) 
per/cow/day was Rs. 90.48 and Rs. 140.98 in T  and T  1 2

groups, respectively. Increase in net profit was Rs. 
30.70/cow/day in T  group as compared to T  group. 2 1

Considering 300 days of lactation, the farmer got 
additional economic benefit of Rs. 9210 per cow/year.

CONCLUSION

 It was concluded that the practice of challenge 
feeding during early lactation in Gir cows improved 
production performance without affecting body condition 
score and was also economically beneficial.

respectively (Table 2). The results showed that the overall 
total DM intake (kg/day), DM intake/100 kg body weight 
and metabolic body weight during pre-partum period had 
no significant difference between two groups. These 
results are in agreement with earlier researchers (Panigrahi 
et al.,2005; Bindal, 2012) who did not find any significant 
effect of pre-partum supplementation of extra amount of 
concentrate on crossbred cows. The mean DM intake in 
Gir cows during postpartum period was 10.75±0.11 and 
12.95±0.05 kg/cow/day in T  and T  groups, respectively 1 2

(Table 2). The results revealed that the mean daily dry 
matter intake of T  group was significantly (P<0.05) higher 2

than T  group during the postpartum period.1

 The overall mean of DMI per 100 kg BW in T  and T  1 2

groups were 2.73±0.04 and 3.20±0.12 kg during the 
postpartum period, respectively, which was significantly 
higher in T  as compared to T  group (Table 2). Similarly, 2 1

DM intake/kg BW0.75 was also significantly higher in T  2

as compared to T  group during the postpartum period. 1

This might be due to increase concentrate level in 
challenge feeding. The present results are in agreement 
with Bindal (2012) and Kamboj et al. (2016) who found 
increased DM intake during postpartum phase in crossbred 
cows by supplementation of concentrate in increasing 
levels.

Body condition score (BCS)

 The weekly body condition score of both control and 
treatment groups did not differ significantly during the pre- 
and postpartum period though the mean pre- and 
postpartum BCS of T  was marginally higher and showing 2

an rising trend (Table 2). During the postpartum period, the 
allowance of concentrate mixture in T  group was 2

enhanced increasingly but the significantly higher milk 
yield in T  group leading to higher body tissue loss may 2

have nullified the effect of challenge feeding on their BCS. 
The result obtained in the present study is in agreement 
with the previous studies carried out by Khan et al. (2004), 
Samanc et al. (2010) and Mithuna et al. (2015).

Production performance

 The mean daily milk yield of cows in T  group was 2

significantly (P<0.05) higher than T  group (Table 3). The 1

milk yield was also increased significantly (P<0.05) in all 
the weeks. Cows fed with challenge diet in this study might 
be the reason for positive energy balance in pre-partum as 
well as in postpartum period as compared with control (T ) 1

group of cows and this might be resulted in their 
significantly higher average daily milk yield. The positive 
effect on milk yield was due to challenge feeding as 
reported by Singh et al. (2003), Khan et al. (2004), Das et 
al. (2007) and Gillah et al. (2014).

Table 4. Economics of challenge feeding in Gir cows

Parameters Control (T ) Treatment (T ) Difference1 2

Milk yield (kg/day) 6.43 8.52 2.09

Milk yield/cow/day (L) 6.24 8.27 2.03

Milk sold @ Rs.40/L 249.60 330.80 81.2

Concentrate consumed 4.64 7.23 2.59
(kg/cow)

Cost of concentrate 90.48 140.98 50.50
consumed/cow @ Rs.19.5/kg

Total income/cow/day (Rs.) 159.12 189.82 30.70

Increase in net profit/cow/ - 30.70 -
day (Rs.)

Increase in net profit/cow/ - 9210 -
year (Rs.)
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Frappier (2006) in domestic ruminants and Poonia et al. 
(2012) in sheep. But there was not any smooth muscle 
layer in between the muscle bundles of muscularis mucosa. 
But Amit et al. (2011) in sheep reported that the muscle 
bundles of muscularis mucosa of outer and inner surfaces 
lamina were separated from each other by type-I laminae. 
It was observed that the muscularis mucosa was also run 
parallel to the epithelium in the basal layer. Tunica 
submucosa was observed as thin layer composed of loose 
connective tissue containing collagen fibres, large blood 
vessels, connective tissue cells and adipocytes as reported 
by Eurell and Frappier (2006) in domestic ruminants. It 
was separated from lamina propria by muscularis mucosa. 
In the basal layer, tunica muscularis was observed as 
smooth muscle fibers in two layers with thick inner layer 
and thin outer layer which was similar to the findings of 
Poonia et al. (2012) in sheep. But Al-Araji and Dhyaa (2018) 
in Gazelle reported that both inner and outer muscular layer 
had same thickness. In this finding, both the inner and outer 
layers were observed in oblique direction. But this finding 
was in contrary to the findings of Eurell and Frappier 
(2006) in domestic ruminants and Poonia et al. (2012) in 
sheep where they mentioned that inner layer was directed 
circularly and outer layer directed longitudinally. Tunica 
muscularis and tunica serosa was not observed in the 
omasallamina. Loose connective tissue containing nerve 
elements, many blood vessels and lymphatics were observed 

in between the inner and outer muscular layer. Tunica 
muscularis was covered by tunica serosa. Tunica serosa 
was composed of loose connective tissue with adipocytes.
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 The emergence of pathogenic Salmonella 
Typhimurium, armed with multiple antibiotic resistance, 
in particular, presents a considerable threat to public health 
and food safety (Toor et al., 2018; Zeng et al., 2021). The 
use of antimicrobials creates selection pressure for the 
emergence and dissemination of antimicrobial resistance 
(AMR), which has been documented in S. Typhimurium 
infections worldwide. Infact AMR infections are expected 
to cause 10 million deaths annually by the year 2050 if no 
new antimicrobial approaches are implemented (Diaz et 
al., 2022). AMR is an imminent threat to public health, and 
therefore alternative antibiotic strategies are urgently 
needed to combat the AMR crisis (Dijksteel et al., 2021).

 Antimicrobial peptides (AMPs), also known as host 
defense peptides (HDPs) have the potential to be 
developed as a new generation of antimicrobials (Muñoz-
Flores et al., 2022). Cationic Antimicrobial Peptides 
(cAMPs) appear to be promising candidates to overcome 
resistance, which mainly kill microorganisms via non-
receptor mediated membrane damage (Mookherjee et al., 
2020). Most cAMPs are relatively short, commonly 
consisting of 10–50 amino acids, displaying an overall 
positive charge ranging from +2 to +11, and contain a 
substantial proportion (typically, 50%) of hydrophobic 
residues (Grimsey et al., 2020). Cecropin A (1-7)-melittin 

(CAMA), is a hybrid peptide with 15 amino acid residues, 
and is composed of the cationic region of ‘cecropin A’ and 
the hydrophobic as well as a non-hemolytic region of the 
bee venom peptide ‘melittin’. CAMA exhibited potential 
antimicrobial effect against Gram-negative and Gram-
positive bacteria, fungi, Leishmania spp. (Majidiani and 
Fasihi-Ramandi, 2021). The antibacterial activity of 
CAMA is through interaction with the cell surface and 
lipopolysaccharides (LPS) permeability, resulting in 
inhibition of macromolecular biosynthesis and ultimately 
cell death (Pei et al., 2021). The efficacy of CAMA against 
different multidrug resistant (MDR) pathogens has been 
explored, viz., Acinetobacter baumannii (Rishi et al., 
2018), Entamoeba histolytica (Abhari et al., 2019), MDR-
enteroaggregative Escherichia coli (Vergis et al., 2019), 
Legionella pneumophila (Birteksoz-Tan et al., 2019). 
However, limited studies have been evaluated the 
antibacterial efficacy of CAMA against various 
Salmonella serovars (Abhari et al., 2019; Kühnle et al., 
2020; Gourkhede et al., 2020; Wuersching et al., 2021; 
Nishanth et al., 2022). Moreover, the antibacterial efficacy 
of CAMA has so far not been systematically documented 
against MDR- S. Typhimurium strains. In this study, we 
have evaluated the in vitro antibacterial efficacy of CAMA 
against multidrug-resistant (MDR) strains of S. Typhimurium 
and also explored the in vitro safety and stability aspects of 

ABSTRACT

 The present study evaluated the antibacterial activity of Cecropin A (1-7)-melittin (CAMA), an antimicrobial peptide against multidrug-
resistant (MDR) Salmonella Typhimurium. The observed minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) 
values of CAMA against MDR- S. Typhimurium was 64 and 128 µM, respectively. Further, CAMA was assessed for its stability at high-end 
temperatures, various proteolytic enzymes (trypsin, proteinase K, and lysozyme), and varying pH (pH 2, 4, 6 and 8). However, CAMA was found to 
be stable even at high-end temperatures, various proteolytic enzymes, physiological concentrations of salts, and varying pH (pH 2, 4, 6 and 8), except 
for a two-fold increase in MIC, which was observed after exposure to trypsin enzyme. Also, CAMA was evaluated for its safety against sheep 
erythrocytes, mammalian cell lines (RAW 264.7 and HEp-2 cells), and beneficial gut lactobacilli (L. acidophilus and L. rhamnosus). CAMA was 
found non-hemolytic on sheep erythrocytes, revealed minimal cytotoxicity in RAW 264.7 and HEp-2 cells, and was tested safe against beneficial gut 
lactobacilli. This study suggested that CAMA could be a potential therapeutic candidate against MDR- S. Typhimurium; however, further 
intracellular killing ability in appropriate in vitro and in vivo models should be undertaken to address its therapeutic utility against MDR strains of S. 
Typhimurium.
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync

1 22

Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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 Haemorrhagic pneumonia was observed in 7 (8.97%) 
cases of the total affected lungs. About a similar incidence 
of 3.33% was recorded by Ferdausi et al. (2008). Grossly, 
the affected lungs showed patchy hemorrhagic lesions of 
various sizes and congestion. Microscopic results are in 
close approximation with the findings of Dutta et al. 
(2007b), who found that the pulmonary blood vessels were 
heavily congested, alveolar, bronchiole and bronchiolar 
lumina were filled with erythrocytes along with few 
neutrophils and some amount of serous fluid (Fig. 4). 
Bronchointerstitial pneumonia was noticed in 5 (6.41%) 
cases of the total affected lungs. Higher incidence (8.33%) 
was reported by Lavanya et al. (2011). Grossly, the lungs 
were heavy, edematous, reddened, consolidated throughout 
in a lobular pattern and failed to collapse when thethorax 
was opened. Microscopically, the presence of both bronchiolar 
and diffuse alveolar damage with desquamation of 
epithelium in the bronchi and influx of neutrophils into the 
alveolar lumen along with type II pneumocytes lining the 
alveoli were noticed (Fig. 5). Catarrhal pneumonia 
wasobserved in 4 (5.12%) cases of the total affected lungs. 
A higher incidence (44.64%) was reported by Sarradell et 
al. (2003). Grossly, the involved lungs are solid, appearing 
bluish red or greyish-yellow. Pressure on the cut surface 
revealed turbid fluid. Microscopically, it produced sero-
cellular exudate along with infiltration of mononuclear 
cells in alveolar tissue. Previous reports indicated that both 
gross and microscopically lesions were described under 
this catarrhal pneumonia by Cappuccio et al. (2018).

 Suppurative pneumoniawas found in 3 (3.54%) 
cases of the total affected lungs. About similar incidences 
of 3.41% were recorded by Dutta et al. (2007a) who found 
that the affected portions of lungs were consolidated 
having a diffuse area of irregularly raised grayish white 
mustard seeds to pea-sized abscesses. In the previous 
studies, the lobular pattern of distribution of consolidation 
was observed in suppurative pneumonia by Jubb et al. 
(2007) and reddish grey consolidation with purulent 
exudate and abscesses were described by Sadana et al. 
(1975) in suppurative pneumonia of pigs.

CONCLUSION

 The present investigation had been concluded that 
the bronchopneumonia in pigs was reported in highest per 
cent followed by interstitial, hemorrhagic, bronco-
interstitial, catarrhal and suppurative pneumonia. Almost 
all the gross and microscopic observations were in close 
conformity with the findings of earlier workers reported 
elsewhere.
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ABSTRACT

 In the present investigation, a total of 384 specimens of the lungs of pigs were investigated for pneumonic pathological conditions. During this 
period, sample of lungs of pigs suspected of pneumonia were examined irrespective of age, sex and breed in Bikaner and Jaipur, Rajasthan. Out of 
these 385 specimens, 78 pneumonic condition were observed grossly. These were further processed for histopathological examination to find various 
pneumonic pathological conditions. Bronchopneumonia was reported in highest per centage followed by interstitial, haemorrhagic, 
bronchointerstitial, catarrhal and suppurativepneumonia.
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 The pigs with high prolificacy, efficient mothering 
ability, rapid growth, most economical feed conversion 
efficiency, shorter gestation period and high dressing 
percentage (65-80) are rated as one of the best meat 
producing animals in world. In India, the current goal for 
the pig industry is to produce high-quality lean meat at a 
low cost, which will play an essential role in improving the 
socio-economic status of pig rearing farmers (Das and 
Bujarbaruah, 2005). Respiratory diseases are major health 
problems in growing swine worldwide including India. 
Moreover, the establishment of secondary infections in 
these animals and the increase in the treatment costs and 
death of animals are additional economic losses (Ostanello 
et al., 2007). A wide range of pneumonic pathological 
conditions are common in the pig lungs such as bronchoint-
erstitial pneumonia, bronchopneumonia, haemorrhagic 
pneumonia, interstitial pneumonia, suppurative pneumonia 
and catarrhal pneumonia (Gidey et al., 2014). In Rajasthan, 
very few efforts have been made to study the occurrence of 
various pathological conditions in the lungs of pigs. Therefore, 
it becomes pertinent to study the lung’s affections in pigs.

MATERIAL AND METHODS

 The materials for the present study consisted of 
tissue samples of lungs collected from various 
slaughterhouses and from private piggery farms located in 
and around the Bikaner and Jaipur districts of Rajasthan. A 
total of 385 pigs of either sex or different age groups were 
examined in detail and lung samples were collected for the 
study. During slaughter, the samples were thoroughly 
examined grossly for alterations in morphology, shape, 
size, colour, consistency, location and presence of a cyst, 
tumor and, abscess, etc., lesions in the individual part of 

the lungs.Tissue pieces from portions of the lungs were 
collected in 10% buffered formalin for histopathological 
examination. The samples were processed by routine 
paraffin embedding using the acetone and benzene 
technique (Lillie, 1965), and sections of 4-5 micron 
thickness were cut and stained by Harris Hematoxylin and 
Eosin method (Luna, 1968). These were further proceeded 
for histopathological examination.

RESULTS AND DISCUSSION

 The present study was carried out from November 
2017 to November 2018. During this period, a total 
number of 385 specimens of lungs of pigswere collected 
from various slaughterhouses and private piggery farms. 
Out of these specimens, 78 lungs were suspected of 
pneumonia grossly. These were further processed for 
histopathological examination to find various pathological 
conditions. An overall incidence of various pneumonic 
pathological conditions inlungs of pigs was reported as 
20.25 % cases. The details of lung conditions in pig are 
depicted in Table 1.

 In the present study, 78 (20.25%) cases of pneumonia 
were observed out of 385 pig lungs examined. A various 
surveys carried out on lung lesions in pigs by earlier 
authors showed variation in the incidence of pneumonia 
and was reported as 61.71% (Lavanya et al., 2011) and 
3.87% (Sreevidya, 2017). These findings indicated wide 
variation in the incidence of pneumonia in pigs in India and 
other countries. The higher incidence of pneumonia 
recorded in the present study compared to the incidences 
reported previously in India might be due to variation in 
the age, location, season, managemental practices and 
causes of pneumonia.
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 Bronchopneumonia was recorded in 39 cases (50%) 
of the total pneumonic lungs. However, a higher incidence 
of 71.7% was recorded by Rajao et al. (2013). Grossly, the 
affected lungs revealed the patchy to diffuse area of 
consolidation in apical, cardiac and anterior parts of the 
diaphragmatic lobes (Fig. 1), which agrees with the finding 
of Rao et al. (2001). Microscopically, bronchitis was seen 

as the primary lesion. The lumen of the bronchi and 
bronchioles were obliterated partially and completely with 
exudates comprising polymorphonuclears, mononuclear’s 
and denuded bronchiolar cells and mucous along with 
emphysema and hemorrhages (Fig. 2). Interstitial pneumonia 
was observed in 20 (20%) cases. A higher incidence of 
33.3% was recorded by Dutta et al. (2007) and Comparatively 
lower incidence of 7% was recorded by Lavanya et al. 
(2011). Grossly pale, heavy and firm lungs having elastic 
or rubbery texture with consolidation distributed in all the 
lobes were noticed. Microscopically, findingsof alveoli 
were distorted in shape and the alveolar septa were 
thickened and infiltrated by mononuclear cells (Fig. 3).
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Fig. 1. Gross photograph of lung showing bronchopneumonia

Fig. 4. Microphotograph of lungs showing haemorrhagic pneumonia 
(H& E, 100X).

Fig. 2. Microphotograph showing bronchopneumonia stain.....

Fig. 5. Microphotograph of lungs showing broncho-interstitial 
pneumonia (H& E, 100X).

Fig. 3. Microphotograph of lungs showing interstitial pneumonia (H& 
E, 100X).

Table 1. Various conditions in the lungs of a pig

Sr. No. Type of disease/condition No. of Percentage
  cases

a. Bronchopneumonia 39 50%

b. Interstitial pneumonia 20 25.64%

c. Haemorrhagic pneumonia 7 8.97%

d. Bronchointerstitial pneumonia 5 6.41%

e. Catarrhal pneumonia 4 5.12%

f. Suppurative / Purulent pneumonia 3 3.84%
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 Cattle are extremely important in India’s animal 
husbandry sector, providing livelihood to millions of rural 
people. Indigenous cattle, which make up roughly 79% of 
the overall cow population according to the 19th Livestock 
Census, have 43 recognised breeds dispersed across the 
country. Hariana is one of the most prominent dual-
purpose cow breeds in India, having been bred and raised 
in the northwest region. With an average milk yield of 997 
kg and the maximum recorded milk yield of 1,745 kg, 
Hariana is the most important cattle breed in Haryana 
known for their amazing endurance in hot tropical 
climates, tolerance to tropical diseases, and inexpensive 
maintenance costs. Hariana breed has recently gained 
popularity because of presence of the A2 allele in milk, 
which is thought to be beneficial to human health (Mishra 
et al., 2009). The present study was conducted in order to 
observe the basic histoarchitecture of teat in Hariana cattle 
in order to establish a baseline to detect intramammary 
infections in them.

MATERIALS AND METHODS

 Tissue samples were collected from base, mid and 
tip of teat from the indigenous Hariana cattle immediately 
after death. After fixation and routine processing, the 
paraffin sections of 5-6 µm thickness were stained with 
haematoxylin and eosin to observe histomorphological 
details (Luna, 1968). Special stains were used to observe 
collagen fibres (Masson’s trichrome), elastic fibres 
(Verhoeff’s method) and reticular fibres (Gridley’s method). 
Different histochemical moieties were demonstrated by 

using Periodic Acid Schiff (PAS) and Alcian blue (AB) for 
neutral mucopolysaccharides and acid mucopolysacc-
harides, respectively (Sheehan and Hrapchak, 1973), and 
Bromophenol blue for basic proteins (Chayen et al., 1969). 
The photomicrographs were taken with digital microscope, 
and Image J software was used to measure the thickness of 
teat canal epithelium and teat skin epidermis.

RESULTS AND DISCUSSION

 The outer wall of teat was made up skin and the 
internal duct system was formed from proximal to distal 
aspect by annular folds, teat cistern, Furstenberg’s rosette 
and teat canal.

Teat skin: The epidermis was consisted of different layers 
viz; stratum corneum, granulosum, spinosum and basale. 
The epidermis projected into the dermis forming the 
epidermal pegs which were blunt and flattened at base of 
teat but elongated and pointed at mid region and tip of teat 
(Fig. 1A). The dermal papillae projected into the epidermal 
pegs and which contained connective tissue, blood vessels 
and nerves in order to provide nutrition and innervation to 
the epidermis as also reported by Debbarma et al. (2017) in 
the buffalo skin. The epidermal pegs were divided by rete 
pegs into primary and secondary papillae and were present 
more at the tip region to provide strength and firmness to 
teat tip as noticed by Sumena et al. (2010) in pigs. Similar 
findings were observed in the skin of cattle, goat and 
spotted deer by Nagaraju et al. (2012).

 The stratum corneum, outermost layer (Fig. 1A), 
was thickestat tip followed by mid and base of the teat skin 

ABSTRACT

 The present work was undertaken to explore histomorphological and histochemical details of teat in indigenous cattle of Hariana breed. The 
results revealed that the epidermis projected into the dermis forming the epidermal papillae and rete pegs, which were blunt and flattened at base of 
teat but elongated and pointed at mid region and tip of teat. The skin at tip region was found to be the thickest followed by mid region and base regions 
of the teat. The teat skin and teat canal epithelium were lined by stratified squamous keratinized epithelium. The teat skin contained greater number of 
melanocytes than Langerhans cells, but the teat canal epithelium had Marksaulchen cells which decreased in size and number towards the lumen. The 
epidermis showed weak to moderate PAS reaction, whereas the dermis showed moderate PAS reaction but a weak PAS-AB and basic protein 
reactions in both the layers. The teat cistern was made up of double layered cuboidal epithelium and the sub-epithelial stroma consisted of loose 
connective tissue with smooth muscle fibres, nerve fibres and blood vessels along with accessory lactiferous glands. The lining epithelium of teat 
cistern and lactiferous glands showed moderate PAS and weak to moderate PAS-AB reactions. However, the reaction of basic protein was strong. The 
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and was strongly eosinophilic with flattened, non-
nucleated, keratinized cells as described by Bhattacharya 
et al. (2003) in non-descript buffalo. The stratum 
granulosum layer was thicker at tip of teat region and 
contained 1-2 layers of squamous cells which had flat 
nucleus (Fig. 1A). Keratohyaline granules were present in 
these cells which produce keratin at the tip and teat canal. 
These findings are in accordance with Nararaju et al. 
(2012) and Sumena et al. (2010) who reported similar 
observations in buffalo skin. The stratum spinosum had 2-
3 layers at base, 4 layers at mid and 6 layers at tip region of 
teat consisting of polyhedral cells with spherical nucleus 
which had melanin granules that prevented the ultraviolet 
rays from penetrating the skin (Fig. 1A). The stratum 
basale contained large number of brown staining 
pigmented cells as melanocytes which were more at the tip 
region (Fig. 1A). Similar findings were reported by 
Debbarma et al. (2017) according to them these cells 
helped to tolerate high heat, photosensitization and 
sunburns. Non pigmented cells in the stratum basale were 
Langerhans cells with clear cytoplasm and reniform 
nucleus which were more at tip region and were 
responsible for the uptake of exogenous antigens that 
caused teat infections. These cells played role in defence 
mechanism of teat by acting as antigen detectors.

 The micrometrical data revealed that the thickness at 
tip of teat skin was 453 ± 9.38 µm while at the mid and base 
was 397.59 µm ± 7.53 and 283.67 ± 5.98 µm, respectively. 
The tip region was found to be the thickest followed by mid 
and base regions of the teat. The thickness of teat canal 
epithelium was 342.53 ± 8.97 µm, while diameter of lumen 
of teat canal was 976.01± 15.19 µm. Similarly, Kumar 
(1990) observed the thickness of teat canal in cattle as 
327.25 ± 5.91 µm and in buffalo 357.19 ± 4.80 µm.

 The dermis was consisted of smooth muscle fibres, 
blood vessels, nerves and dense irregular connective tissue 
in the teat skin, however hair follicles, sebaceous and 
sweat glands were found in base part of teat (Fig. 1A). The 
epidermis layer showed weak to moderate PAS reaction 
while PAS-AB and Basic proteins showed weak reaction. 
The dermis showed moderate PAS but a weak PAS-AB and 
basic protein reactions.

Internal Duct system: It was comprised of annular fold, 
teat cistern, Furstenberg’s rosette and teat canal.

Annular fold: It was very thick and located at the junction 
of teat and gland cistern making a clear-cut demarcation 
between them. The cranial portion of the annular fold was 
gland cistern lined by single layer of cuboidal epithelium 
which became double layer at places where as, teat cistern 
was present caudal to the annular fold and was lined by 

double layered cuboidal to columnar epithelium. The 
lining epithelium of annular fold was stratified cuboidal 
type in present study (Fig. 1B).

Teat cistern: The teat cistern was lined by stratified 
cuboidal to columnar epithelium. The cistern showed 
keratinized epithelium along with numerous longitudinal 
and circular mucosal folding at the base of teat. Double 
layer stratified squamous epithelium lined the teat cistern 
in mid part of teat and had more mucosal folding. Similar 
findings were observed by Paul et al. (2013) in teat cistern 
of desi and crossbred cattle. The greater number of 
mucosal folds in the teat cistern may be responsible to hold 
less amount of milk in the teat cistern (Paul et al., 2013). 
The sub epithelial stroma of teat cistern consisted of loose 
connective tissue with muscle fibres and blood vessels 
along with coiled tubular glands called accessory 
lactiferous glands (Fig. 1B, C, D) which were located in 
the mid, base and Furstenberg’s rosette region of teat 
cistern. The lining epithelium of teat cistern and lactiferous 
glands showed moderate PAS and weak to moderate PAS-
AB reaction however, the activity of basic protein reaction 
was strong in teat stroma and weak to moderate in 
lactiferous glands and teat sinus epithelium (Fig. 1E, F).

Furstenberg’s rosette: The Furstenberg’s rosette (FR) 
was present between the junction of teat cistern and teat 
canal and had 10-14 mucosal folds (Fig 1C). Similar 
findings were reported by Patel et al. (2007) and Nickerson 
and Pankey (1983) in FR  of bovines. The subepithelial 
connective tissue contained abundant of collagen fibres 
with few reticular and elastic fibres , smooth muscle fibres 
and nerve fibres along with, polymorphonuclear cells 
(PMN), monocytes, mast cells and plasma cells. The FR 
region also contained aggregations of lympho-reticular 
tissue which played an important role in the antibody 
production by forming a barrier between bacteria and 
epithelium (Nickerson and Pankey, 1983).

Teat canal: The teat canal was lined by stratified 
squamous keratinized epithelium which continued 
proximally as double layered stratified non keratinized 
type in the FR and teat epidermis distally. The teat canal 
epithelium consisted of single layer stratum basale, 2-4 
layers of stratum spinosum and 7-8 layers of stratus 
granulosum. Outermost layer was stratum corneum which 
was keratinized and more prominent in the non lactating 
animals as it was responsible for the keratin formation 
(Fig. 2A). Rete ridges (not shown in the figures) were 
finger like projections arising from teat canal epithelium, 
which were longer and pointed in non lactating animals but 
blunt and wider in lactating animals. Vesicular 
components known as Marksaulchen cells (not shown in 
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Fig. 2. (A) Teat canal of HR showing teat canal lumen (L), epithelium (Epi), teat sphincter(TS).  Hematoxylin and Eosin X 100; (B) Teat canal (L), 
Collagen fibers (Cf) in HR.Masson’s trichrome X 40; (C) Reticular fibers in teat canal epithelium and sphincter of HR.  Gridley’s X 200; (D) Elastic 
fibers (Ef) in teat canal epithelium and sphincter of HR. Verhoeff”s X 100; (E) Elastic fibers in blood vessels of teat stroma of HR. Verhoeff”s X 200; (F) Basic 
protein in teat stroma of HR. Bromophenol blue X 100

Fig. 1. (A) Epidermis (E), Dermis (D), sweat glands (Swg), Epidermal pegs (Ep), Dermal pegs (Dp), Melanocytes (M), Stratum basale (Sb), Stratum 
spinosum (Ss), Stratum granulosum (Sg), Stratum corneum (Sc) of mid teat skin of Hairana (HR) . Hematoxylin and Eosin X 100: (B) Cross-sectional 
view of base of teat showing thick annular fold (AF) and lactiferous glands (Lg) in HR.  Hematoxylin and Eosin X 100; (C) Furstenberg’s rosette (FR) 
and lactiferous glands (Lg) in HR. Hematoxylin and Eosin X 100; (D) Lactiferous glands (Lg) of HR. Hematoxylin and Eosin X 200; (E) Neutral 
mucopolysaccharides in Lactiferous glands in HR. Periodic acid Schiff X 100; (F) Basic protein in lactiferous glands of HR. Bromophenol blue X 100

figures) were present in teat canal epithelium whose size 
and number decreased towards the lumen of teat canal and 
were more in the lactating cows than non lactating ones. 
The teat canal epithelium showed weak to moderate PAS 

and Basic protein activity while the PAS AB reaction was 
negligible to weak. The basement membrane showed 
strong reaction for PAS AB. The thickness of the teat canal 
epithelium was 342.53 ± 8.97 µm in Hariana cows. Also 
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dany et al. (2019) had reported that the cross bred cows had 
thicker teat canal epithelium than the Jenubi cows and this 
could be responsible for the improved milk production and 
quality in crossbred cows. The luminal diameter of teat 
canal was 976.01± 15.19 µm.

 The sub epithelial portion was fibromuscular type 
contained smooth muscle fibres, abundant collagen fibres 
with few reticular and elastic fibres (Fig. 2B, C, D). Large 
number of blood vessel and nerves helped in tight closure 
of teat canal thereby lowering risk of intra mammary 
infections. The nerve bundles in increased number at the 
mid and tip regions was responsible for hormonal-nerve 
stimulation during suckling and milking of the animal 
(Ferdowsi et al., 2017). The teat sphincter had circular and 
longitudinally oriented smooth muscle fibres along with 
more elastic fibres compared to collagen and reticular 
fibres (Fig. 2D, 2E), indicated its musculo-elastic nature. 
Van der Merwe, (1985) explained that the elastic fibres 
caused passive closure of teat canal while smooth muscle 
fibres were responsible for contractile action. The teat 
stroma showed moderate PAS, PAS-AB and Bronophenol 
bene reaction but the reactions were stronger in teat sphincter 
(Fig. 2F).

 It was concluded that maximum thickness of 
epidermis at tip of teat plays an important role in defence 
mechanism of teat. The highly keratinized stratum 
corneum of teat canal in the non-lactating animals may be 
responsible for the formation of keratin plug.
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 Gestational age estimation in sheep provides their 
owners valuable information that aids in the late gestation 
management as lamb survival is an important factor 
affecting the sheep profitability (Ekiz et al., 2005). 
Ultrasonographic fetometry allows not only estimation of 
fetal age but also determination of sex and measurement of 
number of foetuses carried, assessment of vitality of fetus 
and diagnosis of pregnancy disorders which would be 
useful for specific clinical management or research 
applications. Numerous researchers used transrectal or 
transabdominal B mode ultrasonography to predict 
gestational age by means of fetal measurements in small 
ruminants (Frank et al., 1982; Ali and Hayder, 2007). 
Various embryonic/fetal parameters have been studied so 
far for estimating gestational age. However, the most 
practical measurements of fetal structures are embryonic 
vesicle, crown rump length, fetal head diameters, 
placentome size (Karen et al., 2001). One of the important 
limitation of estimation of gestational age using fetal 
parameters is their accessibility throughout the gestation 
(Airina et al., 2011).  The crown rump length (CRL) and 
embryonic vesicle diameter (EVD) were accessible only 
during the first trimester of gestation,  however regarded 
as an important conformational parameters and can be 
done in relatively early stage of gestation than the other 

parameters (Petrujkic et al., 2016). Hence the present 
study was undertaken to establish correlation and 
construct prediction equations for embryonic parameters 
in Nellore brown ewes.

MATERIALS AND METHODS

 Nellore Brown ewes (n=20) aged 1-4 years reared 
under semi-intensive conditions and fed with greens, 
concentrates and adlib fresh water and salt licks were 
selected for the study.

Estrus Synchronization protocol: The ewes were 
subjected to short term estrus synchronization protocol of 
seven days using indigenous vaginal progesterone sponges 
(Avikesil-S® ICAR-CSWRI, Avikanagar, Rajasthan) 
containing 350 mg of natural progesterone and 300 IU of 
PMSG (Folligon®, Intervet International, Boxmeer, 

Netherlands) and 75 µg of PGF  (Cloprostenol; Pragma®, 2
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 Gestational age estimation in small ruminants helps in nutritional management of pregnant animals and optimizes the young one survival. In 
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is respective embryonic measurements and these prediction equations were validated under the field conditions. It was concluded that the 
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Intas Pharmaceutica Limited, Matoda, Ahmedabad) intra 
muscularly at sponge withdrawal.

Breeding of the synchronized ewes: Upon sponge 
withdrawal the synchronized ewes were kept with a ram, 
color painted (mixture of glycerin and dye) and mating 
marks were recorded both morning and evening for three 
days. Each day ram was replaced with a new one with 
changed color paint at brisket region. The next day of 
receiving last mating mark was treated as day 1 or start of 
pregnancy.

Procedure followed for ultrasonography: Transabdominal 
ultrasonography was conducted using a real time B mode 
scanning (ALOKA SSD 500, Aloka co Ltd, Japan) 
equipped with 5 MHz convex transducer on mated ewes. 
Serial ultrasonographic examinations were carried out on 
weekly basis starting from day 8 of mating. Once the 
pregnancy was confirmed, the scanning was continued 
weekly and embryonic vesicle diameter and crown rump 
lengths were identified and images were frozen, saved and 
measured with built in electronic calipers.

Embryonic vesicle diameter (EVD): The largest 
diameter of the gestational sac was chosen as the measure 
of EVD between gestational days 22 to 64 (Fig. 1).

Crown rump length(CRL): The CRL was measured as a 
straight line between fetal crown and origin of the tail 
when the fetus was fully extended between gestational 
days 29 to 64 (Fig. 2).

Field test: The ewes were randomly subjected to 
ultrasound scanning in farmers’ flocks in villages and EVD 
and CRL were measured in ten and nine pregnant ewes, 
respectively. The gestational age was estimated using the 
regression equations generated in experimental animals. 
The lambing dates were obtained from farmers and 
gestational age was calculated retrospectively taking the 
average gestation length as 148 days.

Data analysis: The relationship of gestational age with 
EVD and CRL was plotted as linear regression and the 
gestational age (GA; days) was the independent variable 

(y)  and EVD and CRL (cm) being the dependent variable 
(x), a 5% level of significance was used using statistical 
packages for social sciences (SPSS) version 20. In the field 
test, Mean square errors method used to compare fetal 
parameters.

RESULTS AND DISCUSSION

 The EVD was detectable from day 22 till the end of 
parturition, however measurable from day 22 until day 64. 
The EVD was measured between days 12 to 65 in ewes and 
does by various researchers (Airina et al., 2011; Petrujkic 
et al., 2016; Santos et al., 2018, Devi et al., 2019; Haq et 
al., 2020). Haq et al. (2020) reported non-detectability of 
amniotic vesicle diameter 65 days post mating. In contrast, 

thSantos et al. (2018) stated that at 7  week of gestation itself 
gestational vesicle could no longer be measured due to 
increase in fetal size. These variations of duration of 
measurements might be due to method of ultrasonography 
used to measure gestational vesicle and rapid 
accumulations of fetal fluids making uterus too large to be 
accurately measured.

 On day 22 in 40 per cent of animals (8/20) EVD 
could be measured and in others could not identified until 
Day 29. On day 64 in 55 per cent of animals (11/20) EVD 
could be measured and in rest exceeded the ultra sound 
screen. High positive correlation (r=0.9497) (p<0.05) was 
obtained between EVD and GA and regression equation 
was generated (Fig. 3). These findings were in agreement 
with Petrujkic et al. (2016) and Haq et al. (2020), however, 

2Santos et al. (2018) reported lower correlation R  = 0.689 
and r= 0.76, respectively. This could be due to the 
difficulties to visualize the entire transverse or 
longitudinal images, accessibility of the sac, number of 
days in gestation measured, method of ultrasound used and 
breed of ewe studied. Santos et al. (2018) generated 
prediction equation as GW=3.1+0.1×GV where GW is 
gestational week and GV is gestational vesicle in Santa Inn 
sheep. Haq et al. (2020) had given regression equation as 
y=1.7383x-27.79 where y is EVD in mm and x is 
gestational age in days in Beetal goats.

Table 1. Range and Mean (±SE) of EVD and CRL of fetus during pregnancy in Nellore Brown ewes

Gestational age EVD (Mean± SE) Range (Min-Max) CRL (Mean± SE) Range (Min-Max)
a22 1.48±0.14  0.9-2.3 -
a a29 2.22 ±0.16  1.2-3.6 1.26±0.13  0.5-1.9
b a36 3.49 ±0.17  2.4-4.9 2.19 ±0.20  1.0-3.6
c b43 4.67 ±0.15  3.6-5.9 4.03 ±0.18  2.7-5
d c50 5.79 ±0.17  4.3-6.6 5.93 ±0.36  4.5-7.7
d d57 6.77 ±0.19  4.6-8.0 7.70 ±0.25  5.2-8.6
e e64 8.73 ±0.27  7.6-10.6 9.28 ±0.27  8.2-10.3

*Means with different superscripts differ significantly (P<0.05) within columns
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Fig. 1. EVD measured in Nellore Brown ewes

Fig. 3. Scatter plot and linear regression line of EVD and GA in Nellore 
Brown ewes

Fig. 5. Validation of EVD measurements under field conditions

Fig. 4. Scatter plot and linear regression line of Crown Rump Length 
and gestational age in Nellore Brown ewes

Fig. 6. Validation of CRL measurements under field conditions

Fig. 2. Crown rump length measured in Nellore Brown ewes

 The CRL was detectable from day 22 till day 71 
however, was measurable between days 29 to days 64 and 
exceeded the ultrasound screen limits after that.

 In the present study, the chance to access CRL 
during the gestational period between 29 and 64 was 62% 
(74/120) and 38% of CRL observations were inaccessible 
either due to immeasurable embryo (day 29) or fetus 
exceeding of screen of ultrasound (day 64). The 
accessibility of various fetal parts for scanning depends on 
the method of scanning. Transabdominal scanning was 

much inferior to that of the transrectal in the early 
pregnancy.

 A high positive correlation was established 
(r=0.9573) between CRL and GA and regression equation 
was generated (Fig. 4). These results were in accordance 
with Abdelghafar et al. (2011), Kuru et al. (2018) and Haq 
et al. (2020), however, Metodiev et al. (2012) and Santos et 
al. (2018) reported lower correlation and Abubakar et al. 
(2016) reported a slightly higher correlation than this 
study. These discrepancies could be explained by 
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difference in breeds of sheep, intervals between 
consecutive scanning between studies difficulty in 
acquiring high quality images due to fetal size, position 
and movements and inaccurate measurement of the CRL 
(Abubakar et al., 2016). Abubakar et al. (2016) developed 
regression equation in Jamnapari goats between day 37 -72 
gestational age as y=18.776+0.606x where y is gestational 
age and x is CRL. Santos et al. (2018) expressed the 
relationship as GW = 2.65+0.11×CR where GW is 
gestational week and CR is CRL in Santa Inn ewes. 
Abubakar et al. (2016) opined that CRL is the best 
predictor of GA however Santos et al. (2018) considered 
CRL as less accurate to estimate GA.

Validation of prediction equations in the field: A field 
test was conducted on ewes in surrounding villages for GA 
estimation and EVD was measured in 10 pregnant ewes 
and CRL was measured in nine pregnant ewes. The 
regression equation established for EVD and CRL was 
used to predict the GA. For linear relationship 30 (3/10) 
and 100 (10/10) per cent of pregnant ewes delivered within 
±7 and ±14 days of expected parturition dates, respectively 
(Fig. 5) for EVD and 55.5 (5/9) and 100 (9/9) per cent of 
pregnant ewes delivered within ±7 and ±12 days of 
expected lambing dates, respectively (Fig. 6). The high 
correlation established in this study for EVD was justified 
in the field study by recording 100 per cent of parturitions 
within ±14 days of expected parturition dates. Estimation 
of GA was more accurate during early pregnancy since the 
values obtained in latter gestation were also affected by the 
individual characteristics of the fetus. Godfrey et al. 
(2010) validated the accuracy of regression equation 
developed for CRL in ewes by scanning a set of ewes 
(n=51) with known breeding dates. There is much scope to 
extend the study to more number of ewes in field to solidify 
the relationship between the GA and embryonic 
parameters.

CONCLUSION

 It could be concluded that the embryonic parameters 
studies in the present study were well correlated and 
validated with gestational age in early pregnancy. Further 
research is required to define the significance of these 
equations in the field conditions.
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 S. aureus is a common bacterium that has been 
recognized as a challenge in both human and veterinary 
medicine (Bissong and Ateba, 2020). The pathogen is also 
associated with food poisoning in human, staphylococcal 
scaled skin syndrome (SSSS), operative wound infections, 
inflammation of lungs (pneumonia), nosocomial 
bacteremia in human, clinical and subclinical mastitis in 
bovine (Torres et al., 2019). S. aureus produces a wide 
range of virulence factors like toxic shock syndrome toxin-
1 (TSST-1), staphylococcal enterotoxin (SE), Panton-
Valentine Leukocidin (PVL) (Hoque et al., 2018). The 
other important virulence factor of S. aureus is its ability to 
form biofilm in vivo which greatly influence its 
pathogenicity (Andrade et al., 2021). The biofilm 
producing bacteria exhibit high resistance to disinfectants, 
antibiotics and host immune system clearance (Hait et al., 
2021). Biofilms reduce the effectiveness of treatments and 
increase morbidity, mortality and health care cost 
(Akindolire et al., 2015). The biofilm forming ability of 
the isolates can be characterized by phenotypic methods, 
i.e., CRA, TM and TCP methods and genotypic 
characterization can be performed by screening of biofilm 
forming genes (Panda et al., 2016). Maintenance of quality 
milk production by developing countries like India is a 
major problem and is due to lack of efficient hygienic 

techniques for milking, storing of milk and maintaining 
herd conditions (Singh et al., 2022). Thus, colonization of 
dairy herd and subsequent contamination of raw milk by S. 
aureus, especially biofilm producing and MDR remains an 
important issue for both the dairy producer and public 
health. Keeping this in view, the present investigation was 
undertaken to undertake the detection of biofilm forming 
S. aureus from mastitic milk.

MATERIALS AND METHODS

Collection of milk sample

 A total of 56 raw milk samples were collected from 
cows exhibiting the symptoms of mastitis residing in dairy 
farms and gaushalas of Mathura region of Uttar Pradesh. 
Milk samples were taken after cleaning the teat with 70% 
ethyl alcohol and brought to laboratory under refrigeration 
and processed immediately.

Screening of samples for detection of clinical mastitis

 California Mastitis Test (CMT) was used for 
screening of clinical mastitis samples as per method 
described by Schalm et al. (1971) with slight 
modifications. The CMT was conducted to diagnose the 
presence of clinical mastitis as per Shitandi and Kihumbu 
(2004). The result was scored based on the gel formation 
and categorized as negative if there was no gel formation 
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isolates were screened for their biofilm formation property by three different methods, i.e., Congo Red Agar (CRA) assay, Tube Method (TM) and 
Tissue Culture Plate method (TCP). On analysis, 27.59% S. aureus were positive for CRA, 86.20% were positive for tube method and 96.55% were 
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therapeutic purpose could be the reason for increased antibiotic resistance of S. aureus.
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and positive, if there was gel formation ranging from +1 to 
+3. The mastitic milk samples that showed reactivity in 
CMT were considered as positive for clinical mastitis.

Isolation and identification of S. aureus

 Milk samples were processed for isolation of S. 
aureus as per standard bacteriological procedure given by 
Kou et al. (2021) with slight modifications. Baired parker 
and Mannitol Salt Agar were used for isolation of S. aureus 
and biochemically confirmed as per the method described 
by Barrow and Feltham (1993).

Molecular detection of S. aureus isolates

 Biochemically confirmed staphylococci were 
further confirmed for S. aureus by using species specific 
primer targeting nuc gene of S. aureus by using PCR. The 
sequence of forward and reverse primer for nuc gene was 
( 5 ' G C G AT T G AT G G T G G ATA C G G T T 3 ’ a n d 
3 ’ A G C C A A G C C T T G A C G A A C TA A A G C 5 ’ ) , 
respectively. The DNA extraction of bacterial isolates was 
done by Gene JET Genomic DNA purification kit. The nuc 
gene was targated as per method given by Brakstad et al. 
(1992).  The DNA amplification was carried out using the 
thermal cycling profile consisted of an initial denaturation 
at 940 C for 5 min, 37 cycles of 94º C for 60s, 55º C for 30s 
and 72º C for 90s, with a final step at 72º C for 5 min. The 
resulting PCR products were analyzed in agarose gel 
electrophoresis as described by Sambrook and Russel 
(2001) size of resulted amplicon was 267 bp.

Biofilm production

 The S. aureus isolates were subjected to observe the 
biofilm forming capacity in vitro by Congo Red Agar 
(CRA) Assay, Tube Method (TM) and Tissue Culture Plate 
(TCP) methods as described by Mathur et al. (2006). 
Briefly, in TCP method individual wells of flat bottom 
polystyrene plates were filled with 0.2 ml of the diluted 
cultures and plates were incubated for 24 hours at 37° C. 
Further, plates were washed 4 times with 0.2 ml of PBS 
(sessile organisms in plate were fixed with sodium acetate 
(2%) for half an hour and stained with crystal violet (0.1% 
w/v) for half an hour. The OD values less than 0.120 were 
considered as non adherence and weak biofilm former 
while mean OD values 0.120-0.24 showed moderate 
adherence and moderate biofilm former while OD>- 0.240 
showed strong adherence and categorized as strong 
biofilm former.

Antibiotic Sensitivity Test (ABST)

 Antimicrobial susceptibility of the isolates was 
determined by disc diffusion Bauer-Kirby (1959) method 
as recommended by clinical and laboratory standards 
institute (CLSI, 2016) and interpreted as susceptible, 

intermediate and resistant. A total of 18 antibiotics 
comprising of different antimicrobial classes, commonly 
used in the dairy farms were selected in this study (Table 
1). S. aureus ATCC 25923 were used as control strain. The 
100 µl of culture broth of each isolate was inoculated on 
Muller Hinton Agar plate and spread evenly by using 
sterilized cotton swabs, the plates were kept upright for an 
hour so that the culture gets absorbed onto the plates 
evenly. Antibiotic discs were placed on Mueller Hinton 
Agar and the plates were incubated at 37º C for 24 hours 
and the zone of inhibition surrounding the antibiotic discs 
was measured with the scale.

RESULTS AND DISCUSSION

Screening of samples for mastitis

 A total of 56 samples collected from cows with 
symptoms of mastitis were screened for mastitis by CMT. 
All the samples showed gel formation within a few 
seconds, so 100% samples were found positive for 
mastitis. In studies of Hoque et al. (2018), 73.3% were 
positive by CMT that are slightly lesser in relation to our 
findings, while Pati and Mukherjee (2016) reported 
42.75% positivity that was much lower than the present 
findings.

Phenotypic and genotypic identification of S. aureus

 A total of 33 milk samples produced jet black 
coloured colonies on Baird-Parker Agar and yellow 
coloured colonies on nutrient agar and 29 isolates 
produced yellow coloured colonies on Mannitol Salt Agar 
surrounded by yellow zone were identified as S. aureus. 
All the isolates were biochemically confirmed by IMViC 
and also found positive for catalase and coagulase test. 
Occurrence of Staphylococcus spp. and S. aureus from 
various dairy farms and gaushalas are depicted in Table 2. 
In raw milk taken from mastitic cows, occurrence of S. 
aurues was 51.78% and this prevalence value was similar 
to 47.20% reported in China (Wang et al., 2018). From the 
clinical and subclinical mastitic milk, isolation rate of S. 
aureus was 61.36% and 75.40% from India and 
Newzealand, respectively, which were quite higher to 
current study (Bhattachcharya et al., 2016; Notcovich et 
al., 2018). Overall, our data indicates that S. aureus is 
common and frequently detected in raw milk of dairy cows 
with mastitis in Brij region of Mathura. S. aureus 
contaminates many sources of raw milk which are usually 
related to mastitis or human carrier. Difference in 
prevalence is largely due to differences in the type of 
livestock breeding system, animal species, milking 
method and the surrounding environment conditions.

 In the current study, all the phenotypically 
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characterized S. aurues were nuc gene bearer, thus this 
house keeping gene was 100.00% prevalent. In the various 
studies, researchers revealed 100.0%, 85.55% and 85.24% 
nuc genes in S. aurues isolated from mastitic milk in India 
and abroad Bhattacharya et al. (2016); Wang et al. (2018), 
Pati and Mukherjee (2016), respectively.

Biofilm production

 The twenty nine isolated S. aureus were analysed for 
biofilm formation by three described methods CRA, TM 
and TCP. On the basis of these assays, the isolates were 
categorized as strong, moderate and weak biofilm formers 
and results are depicted in Table 3. In CRA method, 
27.59% S. aureus produced black colour colonies on CRA 
and found positive, while rest of the isolates produced red 
colour colonies and were negative for CRA. In tube 
method, biofilm forming isolates were produced slime 
either on bottom or wall or at both the sites of test tube and 
86.20% were found positive by tube method. In TCP assay, 
65.51% were strong biofilm former with more than 0.240 

OD values, 31.03% were moderate biofilm producer, 
while 13.79% isolates showed OD values less than 0.120 
and categorized as weak biofilm producer with overall 
prevalence of 96.55% biofilm former by TCP.  The OD 
was measured at wavelength of 570 nm by using ELISA 
microplate reader.

 In current study, mastitic milk revealed with high 

prevalence of biofilm forming S. aureus 96.55%, 86.20%, 

27.59% by TCP, TM and CRA assay. Comparison of 

biofilm assay is mentioned in table 3. In accordance with 

this study 93.4% and 27.17% biofilm forming S. aurues 

were revealed from TCP and CRA assay in mastitis milk 

from New Zealand as reported by Notcovich et al. (2018) 

and from Brazil 98.9% and 85.0%  by the two assays in 

mastitis milk  (Melo et al., 2013). Results of TCP assay are 

quite similar to our study while there is wide variation in 

findings of CRA. The discrepancies in the categorization 

Table 3. Comparison of Biofilm Assays (TCP, TM & CRA)

S. aureus Biofilm Tissue Tube Congo Red
isolates formation Culture Method Agar Assay
  Plate Assay (TM) (%) (CRA) (%)
  (TCP) (%)

n=29 Strong 65.51 48.28 27.59
  (19/29) (14/29) (08/29)

 Moderate 31.03 37.93 -
  (09/29) (11/29)

 Weak/none 3.45 13.79 72.41
  (01/29) (04/29) (21/29)

 Total Biofilm 96.55 86.20 27.59
 former (Strong (28/29) (25/29) (08/29)
 + Moderate)

Table 2. Occurrence of S. aureus in mastitic milk and presence of nuc gene

S.N. Place of Collection No of Samples Prevalence of Prevalence of Prevalence of nuc
   Staphylococcus S.  aureus (%) gene in S.  aureus
   spp. (%)  (%)

1  Dairy Farm 1 8 62.50 (5/8) 50.0 (4/8) 100.0 (4/4)

2  Dairy Farm 2 8 62.50 (5/8) 50.0 (4/8) 100.0 (4/4)

3 Gaushala 1 8 50.0 (4/8) 50.0 (4/8) 100.0 (4/4)

4 Gaushala 2 8 75.0 (6/8) 62.50 (5/8) 100.0 (5/5)

5 Gaushala 3 8 50.0 (4/8) 50.0 (4/8) 100.0 (4/4)

6 Gaushala 4 8 62.50 (5/8) 50.0 (4/8) 100.0 (4/4)

7 Gaushala 5 8 50.0 (4/8) 50.0 (4/8) 100.0 (4/4)

 Total 56 58.92% (33/56) 51.78% (29/56)   100.00% (29/29)

Table 1. Detail of Antibiotic discs used in antibiotyping

S.N.  Antibiotic groups Name of Antibiotics Abbrev- Concent-
   iation ration (µg)

1  - Lactams i. Oxacillin OX 1

  ii. Methicillin MET 5
  iii. Ampicillin+ A/S 10
  Sulbactam
2 Cephalosporins iv. Cefoxitin CX 30
  v.  Ceftriaxone CTR 30
  vi. Ceftazidime CAZ 30
  vii. Cefotaxime CTX 30
3 Macrolides viii. Erythromycin E 15
4 Carbapenems ix. Imipenem IPM 10
5 Glycopeptides x. Vancomycin VA 30
6 Aminoglycosides xi. Gentamicin GE 10
  xii. Streptomycin S 10
7 Amphenicols xiii. Chloramphenicol C 30
8 Quinolones xiv. Oflxacin OF 5
  xv. Ciprofloxacin CIP 50
  xvi. Levofloxacin LE 5
9 Oxazolidinones xvii Linizolid LZ 30
10 Tetracyclines xviii. Tetracycline TE 10

of biofilm phenotypes could result from differences in the 

interpretation of results. Therefore, standardizing the 

method and interpretation of biofilm forming is crucial 

(Atshan and Shamsudin, 2011).

150

Antibiotic Sensitivity Test (ABST)

 Strong biofilm forming S. aureus were subjected for 
Antibiotic Sensitivity Test (ABST) and high resistance was 
shown against oxacillin (73.68%), methicillin (52.63%), 
ofloxacin (52.63%) and ciprofloxacin (47.36%). The high 
sensitivity was shown against cefoxitin (94.73%), ceftazidime 
(84.21%), vancomycin (84.21%), imipenem (78.94%), 
streptomycin (78.99%) and gentamicin (73.68%). The results 
of this study are similar with findings of previous antibiotic 
studies on various types of milk, as oxacillin was 60-100% 
and 70.0% resistant in study of Akindolire et al. (2015) and 
Naseer et al. (2021), respectively, and 44.47% ofloxacin 
resistant isolates revealed in study of Sharma et al. (2015). 
In accordance to this study, cefoxitin was found 100.0% 
and 80% sensitive in the study of Marques et al. (2017) and 
Naseer et al. (2021), respectively.  A total of 42.10% (8/19) 
strong biofilm former S. aurues were multi drug resistant, 
showing resistant to three or more than 3 class of antibiotics 
mainly for Penicillins, Quinolones and Macrolides.  These 
biofilm forming MDR strain of S. aureus in mastitic milk 
could be a potential source of antibiotic resistant determinants 
in environment, animal and human population.

CONCLUSIONS

 Biofilm forming attribute of S. aureus make it more 
virulent by increasing adhesiveness on surfaces and that 
surface continuously act as source of infection in raw milk. 
Thus, the presence of potential biofilm-producing 
antibiotic-resistant S. aureus in milk intended for human 
consumption may be cause of severe health risk for human. 
Consequently, there is a need to enhance control measures, 
especially in the dairy sector, to curb the spread of 
pathogenic S. aureus and to limit the use of antibiotics. 
Further studies are required to elucidate other factors that 
are indulged in biofilm formation.
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 The Gir cattle is one of the important indigenous 
dairy type breed of Saurashtra region of Gujarat. This 
breed is well known for its better heat tolerance capacity 
and resistant to various tropical diseases (Gajbhiye et al., 
2016; Patbandha et al., 2020). With a population of 
13,80,208 in the country, it contributes significantly to 
total milk production of the country. Owing to its unique 
traits, it is also used for grading up of various non-descript 
cows in India.

 In developing countries, more than 70 % of the 
expenditure in dairy farming is contributed for the feeding 
of animals (Singh et al., 2022). Challenge feeding is an 
accepted concentrate feeding system to increase milk 
production in dairy animals. In this system, concentrates 
are introduced to the animals in their last several weeks of 
pregnancy and initial phase of lactation. The amount is 
gradually increased as lactation progresses until no further 
response in milk yield. This system enables the animal to 
express their milk production as close to their genetic 
potential.

 The period from two months (especially last 3 weeks) 
pre-calving to two months post calving which includes the 
transition period is the most stressful period in the annual 
cycle of dairy cow (Grummer, 1995). This period is very 
important for the animals to augment body reserves to 

meet the demands of growing fetus and to avoid negative 
energy balance peripartum. Under feeding during this 
period could lead to low birth weight of calf. Thus, it is 
necessary that milch animals must be judiciously and 
adequately fed during this period to produce maximum 
milk production with minimum health problems and to 
increase the income of farmers. The theory behind 
challenge feeding is feeding a higher plane of nutrition to 
milch animals during last phase of dry period and in the 
early postpartum period (Dann et al., 2006). Suboptimal 
transition from dry period to lactation can decrease total 
milk production, reproductive performance and the profit 
potential of dairy animals.

 Considering the above points, the present experiment 
was planned with the aim of achieving better production 
performance in Gir cows through challenge feeding.

MATERIALS AND METHODS

 The present experiment was conducted at Cattle 
Breeding Farm, Junagadh Agricultural University, 
Junagadh, Gujarat (India) during August- 2018 to January- 
2019. Average rainfall of this region is 1200 mm. The 
temperature and relative humidity remained between 12.8 
°C to 37.4 °C and 46 to 52%, respectively.

Selection of experimental animals and feeding schedule

 Sixteen advanced pregnant Gir cows were selected 
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20 days prior to their expected due date of calving and 
divided randomly into 2 groups (8 animals in each), 
control (T ) and treatment (T ), based on their parity, body 1 2

weight and milk yield of previous lactation to maintain 
homogeneity among the experimental animals (Table 1). 
The present study was conducted for a period of 20 days 
pre-partum to 60 days postpartum (total 80 days).

Housing and management

 All the experimental animals were maintained under 
uniform housing conditions. Each animal was allotted an 
individual pen with ample space, proper ventilation and 
drainage, soft bedding and watering facilities. The animals 
let loose for two hours in the morning for exercise.

Feeding and milking management

 Digestible crude protein (DCP) and total digestible 
nutrient (TDN) requirements were calculated according to 
the body weight and milk production as per ICAR feeding 
standard (2013). Adjustment in nutritional allowances 
were made keeping in view of body weight and milk 
production every fortnight. Animals in treatment group 
were provided a graded increase in concentrate ration daily 
100 g both during the pre-partum and post-partum phase 
(maximum limit-10 kg). Experimental animals were 
offered individually with seasonal green fodder (maize) 
soilage @10 kg/cow/day. Dry fodder (mature pasture grass 
hay) was offered ad lib to all the animals. Daily concentrate 
allowance consisted of ISI grade-I cattle feed (dan), cotton 
seed cake and ground maize. They were mixed and divided 
into two equal portions and offered to the animals morning 
and evening. All the animals were provided 30 g of mineral 
mixture daily.

 The animals were milked twice a day by hand 
milking method allowing the calf to suckle the dam. Milk 
samples were collected at weekly interval from each cow 
for milk composition analysis. There was daily recording 
of feed offered and leftover collected individually for each 
animal to calculate DM intake. Body weight of all the 
animals recorded on start of experiment (day 0) and 
weekly interval thereafter.

Body condition score

 Body condition score (BCS) was done by using a 
five point scale body condition scoring method from 1 
(thin) to 5 (fatty) at increment of 0.25 (Ferguson et al., 
1994). The animals were scored on the first day of 
induction to the experiment and then at weekly interval.

Statistical analysis

 Data obtained from the experiment were analyzed as 
per Snedecor and Cochran (1994) by using the t-test. The 
difference was considered statistically significant if the p-
value was < 0.05.

Table 3. Effect of challenge feeding on production performance 
of Gir cows

Parameters Control (T ) Treatment (T ) P value1 2

Postpartum
a bMilk yield (kg/day) 6.43 ±0.16 8.52 ±0.42 0.0003
a bPeak yield (kg/day) 8.54 ±0.40 11.66 ±0.58 0.0005

Days to attain peak yield (d) 29.00±0.87 36.25±4.72 0.10

Milk fat (%) 3.98±0.07 4.06±0.09 0.65

Milk SNF (%) 8.66±0.11 8.97±0.10 0.052

Milk lactose (%) 4.48±0.08 4.63±0.13 0.33

Milk protein (%) 3.16±0.04 3.17±0.05 0.83

Milk total ash (%) 0.78±0.01 0.75±0.01 0.02

Milk total solids (%) 11.72±0.20 13.04±0.25 0.33

*Means with different superscript in a row differ significantly (P<0.05)

Table 2. Effect of challenge feeding on dry matter intake 
(DMI) in Gir cows.

Parameters Control (T ) Treatment (T ) P value1 2

Pre-partum

Body weight (kg) 443.46±06.65 431.64±05.49 0.24

Total DM intake (kg) 9.20±0.40 9.47±0.30 0.324

DM intake/100 kg BW 2.09±0.11 2.21±0.08 0.46
0.75DM intake g/kg BW  95.80±4.84 100.34±3.61 0.49

Body condition score 3.39±0.05 3.47±0.07 0.37

Postpartum
a bBody weight (kg) 397.50 ±02.18 407.22 ±02.76 0.01

a bTotal DM intake (kg) 10.75 ±0.11 12.95 ±0.056 0.0018
a bDM intake/100 kg BW 2.73 ±0.04 3.20 ±0.12 0.002

0.75 a bDM intake g/kg BW  121.63 ±1.65 146.36 ±5.56 0.002

Body condition score 3.41±0.04 3.50±0.02 0.053

*Means with different superscript in a row differ significantly (P<0.05)

Table 1. Feeding schedule of experimental animals

Particulars Control group (T ) Treatment group (T )1 2

Pre-partum period

20 days before calving Dry fodder -ad lib. Dry fodder -ad lib.
 Seasonal green-10 kg Seasonal green -10 kg
 Concentrate - As per
 ICAR feeding standard
 (2013) Concentrate - As per
  ICAR feeding standard
  (2013) + increasing
  100 g per day

Postpartum period

Calving to 60 days Dry fodder-ad lib. Dry fodder - ad lib.
postpartum Seasonal green-10 kg Seasonal green-10 kg
 Concentrate-As per Concentrate - As per
 ICAR feeding ICAR feeding
 standard (2013) standard (2013) +
  increasing 100 g per
  day (Maximum limit of
  total concentrate-10 kg)

RESULTS AND DISCUSSION

DM intake

 The mean DMI during pre-partum period was 
9.20±0.40 and 9.47±0.30 kg/cow/day in T  and T  groups, 1 2
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 Milk composition parameters like fat, SNF, lactose, 
protein, total solids and ash were found similar in both the 
groups (Table 3). Das et al. (2007) also observed the 
similar results. Contrary to the present study, Singh et al. 
(2003) reported that animals kept on higher feeding levels 
had better milk fat content than animals kept on lower 
feeding level.

Peak yield

 There was significantly (P<0.05) increased peak 
milk yield in T  group (11.66±0.58 kg/day) as compared to 2

T  group (8.54±0.40 kg/day). The higher plane of nutrition 1

during pre-partum and postpartum phase of the 
experimental periods may have provided the necessary 
impetus to the animals of T  group. These findings are in 2

agreement with Singh et al. (2003). Contrary to the above, 
Das et al. (2007) reported non-significant response to peak 
yield in spite of higher plane of nutrition.

Economics

 The total milk yield obtained per cow per day of T  1

and T  groups during first 60 days of lactation was 6.24 and 2

8.27 kg, respectively (Table 4). Since, milk was sold on the 
basis of fat percent and selling price was taken into account 
as Rs. 40/litre, amount received from sale of milk was Rs. 
249.60 and Rs. 330.80 in T  and T  groups, respectively. 1 2

Total concentrate mixture consumed during postpartum 
period was 4.64 and 7.23 kg/cow/day in T  and T  groups, 1 2

respectively. The cost of concentrate (@ Rs.19.50/kg) 
per/cow/day was Rs. 90.48 and Rs. 140.98 in T  and T  1 2

groups, respectively. Increase in net profit was Rs. 
30.70/cow/day in T  group as compared to T  group. 2 1

Considering 300 days of lactation, the farmer got 
additional economic benefit of Rs. 9210 per cow/year.

CONCLUSION

 It was concluded that the practice of challenge 
feeding during early lactation in Gir cows improved 
production performance without affecting body condition 
score and was also economically beneficial.

respectively (Table 2). The results showed that the overall 
total DM intake (kg/day), DM intake/100 kg body weight 
and metabolic body weight during pre-partum period had 
no significant difference between two groups. These 
results are in agreement with earlier researchers (Panigrahi 
et al.,2005; Bindal, 2012) who did not find any significant 
effect of pre-partum supplementation of extra amount of 
concentrate on crossbred cows. The mean DM intake in 
Gir cows during postpartum period was 10.75±0.11 and 
12.95±0.05 kg/cow/day in T  and T  groups, respectively 1 2

(Table 2). The results revealed that the mean daily dry 
matter intake of T  group was significantly (P<0.05) higher 2

than T  group during the postpartum period.1

 The overall mean of DMI per 100 kg BW in T  and T  1 2

groups were 2.73±0.04 and 3.20±0.12 kg during the 
postpartum period, respectively, which was significantly 
higher in T  as compared to T  group (Table 2). Similarly, 2 1

DM intake/kg BW0.75 was also significantly higher in T  2

as compared to T  group during the postpartum period. 1

This might be due to increase concentrate level in 
challenge feeding. The present results are in agreement 
with Bindal (2012) and Kamboj et al. (2016) who found 
increased DM intake during postpartum phase in crossbred 
cows by supplementation of concentrate in increasing 
levels.

Body condition score (BCS)

 The weekly body condition score of both control and 
treatment groups did not differ significantly during the pre- 
and postpartum period though the mean pre- and 
postpartum BCS of T  was marginally higher and showing 2

an rising trend (Table 2). During the postpartum period, the 
allowance of concentrate mixture in T  group was 2

enhanced increasingly but the significantly higher milk 
yield in T  group leading to higher body tissue loss may 2

have nullified the effect of challenge feeding on their BCS. 
The result obtained in the present study is in agreement 
with the previous studies carried out by Khan et al. (2004), 
Samanc et al. (2010) and Mithuna et al. (2015).

Production performance

 The mean daily milk yield of cows in T  group was 2

significantly (P<0.05) higher than T  group (Table 3). The 1

milk yield was also increased significantly (P<0.05) in all 
the weeks. Cows fed with challenge diet in this study might 
be the reason for positive energy balance in pre-partum as 
well as in postpartum period as compared with control (T ) 1

group of cows and this might be resulted in their 
significantly higher average daily milk yield. The positive 
effect on milk yield was due to challenge feeding as 
reported by Singh et al. (2003), Khan et al. (2004), Das et 
al. (2007) and Gillah et al. (2014).

Table 4. Economics of challenge feeding in Gir cows

Parameters Control (T ) Treatment (T ) Difference1 2

Milk yield (kg/day) 6.43 8.52 2.09

Milk yield/cow/day (L) 6.24 8.27 2.03

Milk sold @ Rs.40/L 249.60 330.80 81.2

Concentrate consumed 4.64 7.23 2.59
(kg/cow)

Cost of concentrate 90.48 140.98 50.50
consumed/cow @ Rs.19.5/kg

Total income/cow/day (Rs.) 159.12 189.82 30.70

Increase in net profit/cow/ - 30.70 -
day (Rs.)

Increase in net profit/cow/ - 9210 -
year (Rs.)
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