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 Retina is the innermost light sensitive layer of eye. 
The eye creates a two dimensional image on retina which 
translates the light image into electrical neural impulses to 
the brain for visual perception. A complete eye examination 
includes the examination of the posterior segment of the 
eye like vitreous humour, and visible parts of retinal 
fundus. It is only area where the blood vessels and the 
central nervous system can be seen directly (Alina et al., 
2008). The normal fundus of animals consisted of 
neurosensory retina, retinal pigment epithelium, choroid, 
sclera, optic nerve head and tapetum. The retinal fundus of 
each species is typical and varied among species with little 
individual variation. The detailed study of retina in young 
and adult sheep regarding the presence of tapetum, 
visibility of choroidal vessels, retinal vascular pattern, 
position and shape of optic disc, position of nerve fibres, 
gross anatomical findings is scanty. So the present study 
was undertaken to characterise the normal ocular fundus 
image and gross anatomical examination of retinal fundus 
in young and adult sheep.

MATERIALS AND METHODS

 The study was conducted on six adult apparently 
healthy young (below 6 months of age) and adult (above 6 
months of age) sheep that were brought to Teaching Veterinary 
Clinical Complex, Tirunelveli for ophthalmoscopic 
examination. For gross anatomical examinations, eyes 
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were dissected from the heads of young and adult sheep of 
Madras red breed (heads purchased from nearby retail 
mutton shops at Chennai). For ophthalmoscopic examination, 
indirect ophthalmoscope with camera from smart phone 
attachment was used. The pupils were dilated with short 
acting mydriatic–0.5% to 1% Tropicamide 30 minutes 
prior to examination (Klauss and Constantinescus, 2004). 
Animals were examined without anaesthesia, so with 
proper restraining, manual focus ranging from -20 to +20 
diopter was used. The eye was started approaching from 10 
cm distance and pupils were identified. The lens of the 
ophthalmoscope was kept close to the cornea (2-3mm) so 
as to avoid flash artefact. Once the camera was focussed, 
the flash level was set to medium. With proper focussing, 
the image of the posterior segment was taken. Then the 
image was transferred to the desktop computer and 
different parameters were analysed e.g. tapetum- presence 
or absence of tapetum, tapetal colour, tapetal reflectivity, 
shape of the tapetal area, homogenicity of the tapetum, 
junction of tapetal and non- tapetal border. Non-tapetal 
area- any elevation, pigmentation;  optic disc:  location, 
colour, shaper, border and degree of myelination and  
retinal vascular pattern- detailed analysis of retinal 
arterioles and veins were done and species were classified 
based on retinal vascular pattern.

RESULTS AND DISCUSSION

Morphology: The shape of the eye ball was almost *Corresponding author: rajathis9936@gmail.com
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spherical. The shape of the pupil was oval in horizontal 
plane. Optic nerve was located ventral and lateral to the 
posterior pole. The retina was an off-white coloured 
delicate membrane which extended from the entrance of 
the optic nerve to the ciliary body and it terminated at a 
circular line, the oraciliaris retinae (Fig. 1). Here the retina 
continued over the ciliary body and the posterior surface of 
iris called parsciliaris retinae as described by Sisson and 
Grossman (1975). The whole retina was very loosely 
attached with choroid except at the optic papilla. From 
here, the retina prolonged forward as a thin membrane over 
the ciliary process and over the posterior face of the iris 
known as pars ciliaris retinae and pars iridica retinae, 
respectively.

Distribution and Morphology of Tapetum lucidum: 
Tapetum in both young and adult sheep was located dorsal 
to the optic disc mostly on the dorsal side and it was 
triangular in shape. It occupied the dorsal half of the retinal 
fundus and contained optic disc in its ventral part. Tapetum 
in sheep was blue to bluish green in colour in fresh but 
changed to metallic blue in colour on fixation (Fig. 2). The 
transition between tapetum and non-tapetum was gradual 
and not sharply demarcated in the present study. But the 
transition was sharply demarcated in canines. But tapetum 

was absent in primates, pigs and rodents (Ofri, 2008).

Optic nerve head: The optic disc in young and adult sheep 
was located in the non-tapetal areas. The optic nerve head 
was white in colour in young and adult sheep (Fig. 3 & 4). 
The shape of the optic nerve head was slightly oval in 
sheep in both young and adult animals.

Ophthalmoscopic Findings: In the present study, 
ophthalmoscopy of retinal fundus showed that the difference 
between young and adult animals was minimal. The retinal 
vessels appeared bulged and more prominent in young 
animals when compared to adult animals.

 The tapetum in sheep was bluish green in colour 
(Fig. 5) with a tinge of yellow. Any difference in colour of 
tapetum reflects its pathology in ruminants (Crispin, 
2005). Tapetal fundus in sheep had a mild uniform stippling 
on the end of the capillaries called stars of winslow. The 
stars of winslow in sheep appeared as small, uniform 
scattering of red or dark pink dots or lines throughout the 
tapetum (Fig. 6). Similar observation was documented in 
goats (Galen et al., 2006). The tapetal and nontepetal 
junction in sheep showed a clear demarcation. The non- 
tapetal area was homogenous, brown or black with rich 
visible choroidal vasculature in sheep. Similar observations 

Fig. 1-4. (1) Photograph of retina in adult sheep showing the tapetum (T) in bluish green colour and retina (arrow)  in off white colour; (2) Photograph 
of off-white coloured retina of young sheep showing  clear blood vessels (arrow); (3) Photograph showing optic disc (arrow) in the non tapetal area 
(NT) of adult sheep. T- Tapetum; (4) Photograph showing optic disc (arrow)  in the non tapetal area (NT) of young sheep. T- Tapetum

Fig. 5-8. (5) Photograph of ophthalmoscopic image showing Tapetum (T), Non Tapetum (NT) and Optic Disc (O) in adult sheep; (6) Photograph of 
ophthalmoscopic image showing Stars of Winslow (arrow) in the tapetum (T) of adult sheep. O–Optic disc; (7) Photograph of ophthalmoscopic 
image showing Bergmeister papilla (arrow) and intertwingling of retinal arteries in the tapetum (T) of young sheep. O–Optic disc; (8) Photograph of 
ophthalmoscopic image showing retinal blood vessels and its tributaries appearing like hanging branches of tree (arrow)  in the tapetum (T) of young 
sheep
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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)

Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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 Retina is the innermost light sensitive layer of eye. 
The eye creates a two dimensional image on retina which 
translates the light image into electrical neural impulses to 
the brain for visual perception. A complete eye examination 
includes the examination of the posterior segment of the 
eye like vitreous humour, and visible parts of retinal 
fundus. It is only area where the blood vessels and the 
central nervous system can be seen directly (Alina et al., 
2008). The normal fundus of animals consisted of 
neurosensory retina, retinal pigment epithelium, choroid, 
sclera, optic nerve head and tapetum. The retinal fundus of 
each species is typical and varied among species with little 
individual variation. The detailed study of retina in young 
and adult sheep regarding the presence of tapetum, 
visibility of choroidal vessels, retinal vascular pattern, 
position and shape of optic disc, position of nerve fibres, 
gross anatomical findings is scanty. So the present study 
was undertaken to characterise the normal ocular fundus 
image and gross anatomical examination of retinal fundus 
in young and adult sheep.

MATERIALS AND METHODS

 The study was conducted on six adult apparently 
healthy young (below 6 months of age) and adult (above 6 
months of age) sheep that were brought to Teaching Veterinary 
Clinical Complex, Tirunelveli for ophthalmoscopic 
examination. For gross anatomical examinations, eyes 
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were dissected from the heads of young and adult sheep of 
Madras red breed (heads purchased from nearby retail 
mutton shops at Chennai). For ophthalmoscopic examination, 
indirect ophthalmoscope with camera from smart phone 
attachment was used. The pupils were dilated with short 
acting mydriatic–0.5% to 1% Tropicamide 30 minutes 
prior to examination (Klauss and Constantinescus, 2004). 
Animals were examined without anaesthesia, so with 
proper restraining, manual focus ranging from -20 to +20 
diopter was used. The eye was started approaching from 10 
cm distance and pupils were identified. The lens of the 
ophthalmoscope was kept close to the cornea (2-3mm) so 
as to avoid flash artefact. Once the camera was focussed, 
the flash level was set to medium. With proper focussing, 
the image of the posterior segment was taken. Then the 
image was transferred to the desktop computer and 
different parameters were analysed e.g. tapetum- presence 
or absence of tapetum, tapetal colour, tapetal reflectivity, 
shape of the tapetal area, homogenicity of the tapetum, 
junction of tapetal and non- tapetal border. Non-tapetal 
area- any elevation, pigmentation;  optic disc:  location, 
colour, shaper, border and degree of myelination and  
retinal vascular pattern- detailed analysis of retinal 
arterioles and veins were done and species were classified 
based on retinal vascular pattern.

RESULTS AND DISCUSSION

Morphology: The shape of the eye ball was almost *Corresponding author: rajathis9936@gmail.com
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spherical. The shape of the pupil was oval in horizontal 
plane. Optic nerve was located ventral and lateral to the 
posterior pole. The retina was an off-white coloured 
delicate membrane which extended from the entrance of 
the optic nerve to the ciliary body and it terminated at a 
circular line, the oraciliaris retinae (Fig. 1). Here the retina 
continued over the ciliary body and the posterior surface of 
iris called parsciliaris retinae as described by Sisson and 
Grossman (1975). The whole retina was very loosely 
attached with choroid except at the optic papilla. From 
here, the retina prolonged forward as a thin membrane over 
the ciliary process and over the posterior face of the iris 
known as pars ciliaris retinae and pars iridica retinae, 
respectively.

Distribution and Morphology of Tapetum lucidum: 
Tapetum in both young and adult sheep was located dorsal 
to the optic disc mostly on the dorsal side and it was 
triangular in shape. It occupied the dorsal half of the retinal 
fundus and contained optic disc in its ventral part. Tapetum 
in sheep was blue to bluish green in colour in fresh but 
changed to metallic blue in colour on fixation (Fig. 2). The 
transition between tapetum and non-tapetum was gradual 
and not sharply demarcated in the present study. But the 
transition was sharply demarcated in canines. But tapetum 

was absent in primates, pigs and rodents (Ofri, 2008).

Optic nerve head: The optic disc in young and adult sheep 
was located in the non-tapetal areas. The optic nerve head 
was white in colour in young and adult sheep (Fig. 3 & 4). 
The shape of the optic nerve head was slightly oval in 
sheep in both young and adult animals.

Ophthalmoscopic Findings: In the present study, 
ophthalmoscopy of retinal fundus showed that the difference 
between young and adult animals was minimal. The retinal 
vessels appeared bulged and more prominent in young 
animals when compared to adult animals.

 The tapetum in sheep was bluish green in colour 
(Fig. 5) with a tinge of yellow. Any difference in colour of 
tapetum reflects its pathology in ruminants (Crispin, 
2005). Tapetal fundus in sheep had a mild uniform stippling 
on the end of the capillaries called stars of winslow. The 
stars of winslow in sheep appeared as small, uniform 
scattering of red or dark pink dots or lines throughout the 
tapetum (Fig. 6). Similar observation was documented in 
goats (Galen et al., 2006). The tapetal and nontepetal 
junction in sheep showed a clear demarcation. The non- 
tapetal area was homogenous, brown or black with rich 
visible choroidal vasculature in sheep. Similar observations 

Fig. 1-4. (1) Photograph of retina in adult sheep showing the tapetum (T) in bluish green colour and retina (arrow)  in off white colour; (2) Photograph 
of off-white coloured retina of young sheep showing  clear blood vessels (arrow); (3) Photograph showing optic disc (arrow) in the non tapetal area 
(NT) of adult sheep. T- Tapetum; (4) Photograph showing optic disc (arrow)  in the non tapetal area (NT) of young sheep. T- Tapetum

Fig. 5-8. (5) Photograph of ophthalmoscopic image showing Tapetum (T), Non Tapetum (NT) and Optic Disc (O) in adult sheep; (6) Photograph of 
ophthalmoscopic image showing Stars of Winslow (arrow) in the tapetum (T) of adult sheep. O–Optic disc; (7) Photograph of ophthalmoscopic 
image showing Bergmeister papilla (arrow) and intertwingling of retinal arteries in the tapetum (T) of young sheep. O–Optic disc; (8) Photograph of 
ophthalmoscopic image showing retinal blood vessels and its tributaries appearing like hanging branches of tree (arrow)  in the tapetum (T) of young 
sheep
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were also recorded in sheep, goat and bovines by Maggs 
(2013) and Galen et al. (2006) in sheep and goats. In sheep, 
the optic nerve head was of kidney shaped (Fig. 7) but was 
ovoid in cattle (Maggs, 2013). The optic disc was located 
in the non tapetal area near the tapetal and non tapetal 
junction in sheep. But in cattle, it was located at the 
junction of tapetum and nontapetal areas (Pearce and 
Moore, 2013). The colour of the optic disc varied from pale 
pink to white in sheep. But in ruminants, the colour of the 
optic disc varied from pale pink to dense white (Maggs, 
2013).

 Bergmeister’s papilla is the remnant of hyaloid 
artery and was found to protrude from the centre of the 
optic disc into the vitrous humour as grey translucent 
protuberance (McCormack, 1974). It was visible in sheep 
by ophthalmoscopic examination in the present study and 
the Bergmeister’s papilla was small and found at the centre 
of the optic disc (Fig. 7). Similar results were found in 
cattle and goats (Maggs, 2013). Retinal vascular pattern is 
holangiotic in sheep. Sheep retina had three to four 
primary retinal vessels (artery and vein) which were 
named as dorsal, ventral, ventronasal and ventro temporal 
with seven to eight arterioles and venules around the optic 
disc.

 Three to four primary retinal vessels were large and 
very distinct in ruminant (Crispin, 2005). Veins were 
straight and dark bluish red in colour in both sheep. The 
dorsal retinal venule and arteriole often intertwined in 
sheep (Fig. 8) and the tributaries of the dorsal vessels 
appeared like a hanging branches of the tree. Similar 
observation was found in goats (Maggs, 2013). In camels, 
the vessels emerged dorsally and extended peripherally 
with the artery and vein spiralling around each other. Two 
pairs of venules were found leaving the optic disc 
horizontally (Rajathi et al., 2020).

CONCLUSION

 The retina was an off-white coloured delicate 
membrane in both young and adult sheep. Tapetum in both 

young and adult sheep was located dorsal to the optic disc 
mostly on the dorsal side and it was triangular in shape. 
Tapetum in sheep was blue to bluish green in colour. The 
optic disc in young and adult sheep was located in the non-
tapetal areas and was white in colour. Ophthalmoscopic 
image showed that the retinal vessels were appeared 
bulged and more prominent in young animals when 
compared to adult animals. The tapetum in sheep was 
bluish green in colour with yellow tinge. Tapetum showed 
stars of winslow. Optic nerve head was kidney shaped with 
small Bergmeister papilla. Retinal vascular pattern is 
holangiotic in sheep.

REFERENCES

Alina, D., Muste, A., Oana, L., Mates, N. and Beteg, F. (2008). Eye 
fundus examination in animals and its importance for diagnosis. 
Lucidristilnlifice medicina veterinara. 18: 101-130.

Crispin, S. (2005). Notes on Veterinary Ophthalmology. Blackwell 
Science Ltd., UK. pp. 158-171.

Galen, A., Suarez, E. and Molleda, J. M. (2006). Ophthalmoscopic 
characteristics of sheep and goats: Comparative study. J. Vet. 
Med. 53(40): 205-208.

Klauss, G. and Constantinescus, G.M. (2004). Nonhypotensive 
autonomic agents in veterinary ophthalmology. Vet. Clin. N. Am. 
J. Small Anim. Practice. 34: 777-800.

Maggs, D.J. (2013). Basic diagnostic techniques. In:  Maggs, D. J., 
Miller, P., Ofri, R. (Edts.) Slatter’s fundamentals of Veterinary 

thophthalmology. (5  Edn.), Saunders, Philadelphia. pp. 1-12.

McCormack, J.E. (1974). Variations of the ocular fundus of the bovine 
species. Vet. Scope. 18: 21-28.

Ofri, R. (2008). Retina. In: Maggs, D.J., Miller, P.E., Ofri, R. (Edts). 
thSlatter’s fundamentals of Veterinary Ophthalmolocy (4  Edn.),  

St. Louis Missouri, pp. 285-217.

Pearce, J.W. and Moorre, C.P. (2013). Food animal Ophthalmology. In: 
thGellat, K.N. (Edt.) Veterinary ophthalmology. (5  Edn.), 

Lippincort, William and Wilkins, Philadelphia. pp. 1610-1675.

Rajathi, S., Ramprabhu, R., Gupta, C. and Sundararajan, R.C. (2020). 
Comparative ophthalmoscopic examination of normal retinal 
fundus in camel and sheep. J. Entomol. Zoo. Studies. 8(1): 1265-
1267.

Sisson, S. and Grossman, J.D. (1975). Anatomy of the Domestic 
thAnimals. (5  Edn.), WB Saunders Company, Philadelphia, pp. 

226-243.

111

 India's share in world milk production is 20 per cent 
with production of 187.7 mt in the year 2018-19 (GoI, 
2019). Despite significant success in the dairy co-
operatives, still unorganised milk marketing channels 
procure about 60 per cent of the marketed surplus milk. In 
India, about 87.7 per cent of the livestock holders are 
marginal, small and semi-medium land holding farmers, 
who are most affected by the un-organized milk marketing 
channels and faced diseconomies of scale. Presently, dairy 
co-operatives (DCS) procure and handle about 20 per cent 
of the marketed surplus of the milk (GoI, 2018). Even in 
dairy co-operative successful states like Karnataka, there 
is an inter-regional disparity in the distribution and 
procurement of milk through dairy co-operatives. The 
Karnataka Milk Federation (KMF) procures about 74.66 
lakh liters of milk per day and in which majority of the milk 
i.e. about 75% is procured by the societies coming under 
southern region. The milk procurement of the dairy co-
operatives is directly proportionate to the number of dairy 
co-operative and their number of active members as well 
influence of unorganised milk marketing channels. The 
procurement and marketing of milk through dairy co-
operatives is directly provide regular flow of income and 
employment to the milk producers. Studies conducted by 
Rather (2013) in Jammu, Meena et al. (2010) in Rajasthan, 
Kumari and Malhotra (2016) in Bihar, Srikanth (2007) in 
Karnataka and others had shown positive influence of 
dairy co-operatives on income and employment of 
members. With this backdrop, the present study was 

Haryana Vet. (June, 2021) 60(1), 111-114 Research Article

conducted in the Karnataka to assess the impact of dairy 
co-operatives on income and employment of dairy 
farmers.

MATERIALS AND METHODS

 Karnataka state was selected purposively, as this 
state is one of the fore-runner in co-operative movement in 
the country as well as the second largest in the milk 
procurement through dairy co-operatives. Karnataka state 
has 14 milk unions which are located in three regions of 
state i.e. Northern, Central and Southern regions. From 
each region, one milk union was selected randomly. From 
Northern, Central and Southern region, Ballari, Raichur 
and Koppal District Milk Union (RBKMUL), Shivamogga, 
Davanagere and Chitradurga District Milk Union 
(SHIMUL) and Bengaluru urban and rural and Ramanagar 
District Milk Union (BAMUL) were selected, respectively. 
From each milk union, six dairy co-operative societies 
were selected randomly. From each dairy co-operative, ten 
members were selected randomly and a total sample of 180 
members were selected. For facilitating good comparison, 
an equal number of non-members were selected based on 
similar socio-economic status and resource situation. The 
primary data were collected from the selected respondents 
to assess the impact of dairy co-operatives among dairy 
farmers.

 To estimate the impact of dairy co-operatives, 
multiple regression analysis with dummy variables was 
used. It determines the influence of membership of DCS 
on the income obtained from dairy farming.*Corresponding author: gurubm600@gmail.com
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ABSTRACT

 The present study was carried out in three different regions of Karnataka state to assess the impact of dairy co-operatives membership on 
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operatives. The results revealed that the annual average net income from dairying for the member households (Rs. 17,590.85) was significantly 
(p<0.01) higher as compared to the non-members (Rs. 10,227.74). The annual average employment from the dairy activities was higher for the 
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the dairying. The regression coefficients of variables value of concentrate, educational score of respondent, labour employed in dairying, number of 
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